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PostoPerative delirium is common in elderly pa-
tients and associated with the development of other 
comorbidities, including loss of functional indepen-

dence and increased health care costs.2 Previous studies 
have implicated screening for risk factors as a way to pre-
vent pre- and postoperative delirium and therefore reduce 
the health care burden of this complication.7,23,24

Preoperative measures of cognitive status can be used 
to identify at-risk patients, therefore decreasing health care 
resource utilization and costs. The Saint Louis University 
Mental Status (SLUMS) examination is a 30-point screen-
ing questionnaire that tests orientation, memory, attention, 
and executive functions. As an alternative to the Mini–
Mental State Examination (MMSE) cognitive function 
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OBJECTIVE Postoperative delirium is common in elderly patients undergoing spine surgery and is associated with 
a longer and more costly hospital course, functional decline, postoperative institutionalization, and higher likelihood of 
death within 6 months of discharge. Preoperative cognitive impairment may be a risk factor for the development of post-
operative delirium. The aim of this study was to investigate the relationship between baseline cognitive impairment and 
postoperative delirium in geriatric patients undergoing surgery for degenerative scoliosis.
METHODS Elderly patients 65 years and older undergoing a planned elective spinal surgery for correction of adult 
degenerative scoliosis were enrolled in this study. Preoperative cognition was assessed using the validated Saint Louis 
University Mental Status (SLUMS) examination. SLUMS comprises 11 questions, with a maximum score of 30 points. 
Mild cognitive impairment was defined as a SLUMS score between 21 and 26 points, while severe cognitive impairment 
was defined as a SLUMS score of ≤ 20 points. Normal cognition was defined as a SLUMS score of ≥ 27 points. Delirium 
was assessed daily using the Confusion Assessment Method (CAM) and rated as absent or present on the basis of 
CAM. The incidence of delirium was compared in patients with and without baseline cognitive impairment.
RESULTS Twenty-two patients (18%) developed delirium postoperatively. Baseline demographics, including age, sex, 
comorbidities, and perioperative variables, were similar in patients with and without delirium. The length of in-hospital 
stay (mean 5.33 days vs 5.48 days) and 30-day hospital readmission rates (12.28% vs 12%) were similar between pa-
tients with and without delirium, respectively. Patients with preoperative cognitive impairment (i.e., a lower SLUMS score) 
had a higher incidence of postoperative delirium. One- and 2-year patient reported outcomes scores were similar in 
patients with and without delirium.
CONCLUSIONS Cognitive impairment is a risk factor for the development of postoperative delirium. Postoperative de-
lirium may be associated with decreased preoperative cognitive reserve. Cognitive impairment assessments should be 
considered in the preoperative evaluations of elderly patients prior to surgery.
https://thejns.org/doi/abs/10.3171/2017.5.SPINE161244
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test, SLUMS has been used to assess preoperative cog-
nitive impairment.3,9,12 Previous studies have shown that 
cognitive impairment within the surgical population is 
associated with prolonged hospital stays, increased post-
operative complications, and even death.8,14 In turn, pre-
operative mental health status has been shown to be one 
of the positive predictors of better outcomes after spinal 
surgery.28 However, the role of preoperative cognitive im-
pairment in the development of postoperative delirium in 
elderly patients undergoing spine surgery has not yet been 
delineated.

The aim of this study was to investigate the relation-
ship between baseline cognitive status and postoperative 
delirium in geriatric patients undergoing surgery for de-
generative scoliosis.

Methods
Patient Selection

This was a retrospective study of 82 adult patients un-
dergoing elective spinal surgery for correction of adult de-
generative scoliosis at a major academic medical center. 
Institutional review board approval was obtained prior to 
the study’s initiation. We included patients 65 years and 
older with 1) back pain and/or radiculopathy, 2) radio-
graphic evidence of thoracolumbar deformity, 3) failed 
nonsurgical treatment, and 4) history of multilevel lum-
bar decompression and fusion. Patients were excluded if 
they had severe coexistent pathology that could confound 
assessment of operative outcome or were unwilling to 
participate in the study. All patients had a minimum of 2 
years of follow-up.

The evaluated demographic variables included patient 
age, sex, and body mass index. Comorbidities included 
hypertension, diabetes, cerebrovascular disease, coronary 
artery disease, congestive heart failure, atrial fibrillation, 
and prior myocardial infarction. Smoking status was also 
determined.

Assessment of Delirium Status
Preoperative cognition was assessed using the validat-

ed SLUMS examination.4,26 The SLUMS test comprises 
11 questions, with a maximum score of 30 points. Mild 
cognitive impairment was defined as a SLUMS score 
between 21 and 26 points, while severe cognitive im-
pairment was defined as a SLUMS score of ≤ 20 points. 
Normal cognition was defined as a SLUMS score of ≥ 27 
points. Delirium was assessed daily using the Confusion 
Assessment Method (CAM) and rated as absent or pres-
ent on the basis of the CAM.11 The incidence of delirium 
was compared between patients with and without baseline 
cognitive impairment.

Postoperative Complications
We assessed postoperative complications for each pa-

tient included in the study. Surgical complications were 
defined as complications that were a direct result of the 
surgery. These complications included instrumentation 
failure requiring a revision procedure, surgical site infec-
tions (positive wound culture or antibiotics started), un-
controlled pain, new-onset sensory/motor deficits, or other 

surgical complications. Nonsurgical complications were 
defined as complications that were a result of medical 
conditions not directly related to surgery. These compli-
cations included deep vein thrombosis, pulmonary embo-
lism, myocardial infarction, chest pain, fever, and other 
medical complications.

30-Day Hospital Readmission Rate
We reviewed the hospital chart of each readmission to 

determine the cause of readmission. Unplanned readmis-
sions were defined as either surgical or nonsurgical com-
plications. Planned readmissions were defined as either a 
staged or rescheduled procedure. For staged procedures, 
patients were discharged with the expectation that they 
would be readmitted for the subsequent stage of the pro-
cedure. A rescheduled procedure occurred when the pa-
tient was admitted on the day of surgery, but surgery was 
cancelled and rescheduled within a month and the patient 
discharged. Planned readmissions were not included in 
the final data analysis and were not used to calculate the 
surgical readmission rates. Only unplanned hospital read-
missions were included in the final analysis.

Postoperative Functional Status
Postoperative functional status variables included post-

operative duration to first ambulation (i.e., number of 
days), distance ambulated on the 1st day of ambulation, 
distance ambulated at discharge, length of hospital stay, 
disposition status (i.e., discharge to home, a skilled nurs-
ing facility [SNF], or an acute rehabilitation facility), and 
the 30-day readmission rate.

Statistical Analysis
Parametric data were expressed as the mean ± SD and 

compared using the Student t-test. Nonparametric data 
are expressed as the median (interquartile range) and 
compared via the Mann-Whitney U-test. All tests were 
2-sided and statistically significant at p < 0.05. All statisti-
cal analysis was performed using JMP (version 12; SAS 
Institute Inc.).

Results
Eighty-two elderly patients (57 patients with cognitive 

impairment and 25 patients without impairment) were 
included in this ambispective study (Table 1). There was 
a significant difference in age between groups (74.73 ± 
6.38 years for patients with cognitive impairment vs 71.80 
± 5.79 years for patients without impairment; p = 0.04). 
There was no significant difference in body mass index 
between the cohorts (28.30 ± 6.70 kg/m2 for patients with 
cognitive impairment vs 29.42 ± 4.41 kg/m2 for patients 
without impairment; p = 0.37). The percentage of male 
patients was similar between cohorts (42.36% of patients 
with cognitive impairment vs 36.00% of patients without 
impairment; p = 0.34). There were no significant differenc-
es in the prevalence of other comorbidities such as hyper-
tension, congestive heart failure, cerebrovascular disease, 
prior myocardial infarction, atrial fibrillation, diabetes, 
and smoking status. There was a significant difference in 
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coronary artery disease between the cohorts (26.31% of 
patients with cognitive impairment vs 8.00% of patients 
without impairment; p = 0.02).

The median (interquartile range) number of fusion 
levels was 6 (3–11). The duration of surgery ranged from 
240 minutes to 480 minutes, with no correlation between 
severity of cognitive impairment and duration of surgery. 
Estimated blood loss ranged from 670 ml to 845 ml.

Incidental durotomy was not statistically different be-
tween cohorts (7.00% of patients with cognitive impair-
ment vs 8.00 of patients without impairment; p = 0.88) 
(Table 2). There were no incidences of nerve root injury or 
spinal cord injury.

Postoperative Complications Profile
The incidences of delirium (19.29% of patients with 

cognitive impairment vs 8.00% of patients without im-
pairment; p = 0.01), pneumonia (8.77% of patients with 
cognitive impairment vs 0.00% of patients without im-
pairment; p = 0.02), and urinary tract infection (6.00% of 
patients with cognitive impairment vs 0.00% of patients 
without impairment; p = 0.01) were significantly higher in 
the cognitively impaired cohort (Table 2).

There were no significant differences in the incidence 
of ileus (7.01% of patients with cognitive impairment vs 
8.00% of patients without impairment; p = 0.88), deep vein 
thrombosis (1.75% of patients with cognitive impairment 
vs 0.00% patients without impairment; p = 0.32), pulmo-
nary embolism (0.00% of patients with cognitive impair-
ment vs 1.00% of patients without impairment; p = 0.32), 
hematoma (0.00% of patients with cognitive impairment 
vs 0.00% of patients without impairment; p = 0.99), senso-
rimotor deficits (1.75% of patients with cognitive impair-
ment vs 4.00% of patients without impairment; p = 0.61), 
and myocardial infarction (0.00% of patients with cogni-

tive impairment vs 0.00% of patients without impairment; 
p = 0.99) (Table 2). The incidence of at least 1 postoper-
ative complication was 48% higher in the cognitively im-
paired cohort; however, this finding was not statistically 
significant (39.00% of patients with cognitive impairment 
vs 20.00% of patients without impairment; p = 0.15).

Ambulation Status and Discharge Variables
The mean ± SD number of postoperative days from 

surgery to first ambulation was not significantly different 
between groups (1.50 ± 0.91 days for patients with cogni-
tive impairment vs 1.76 ± 1.09 days for patients without 
impairment; p = 0.30). The distance walked at first ambu-
lation was 27% farther in the nonimpaired cohort (95.08 
± 124.32 feet for patients with cognitive impairment vs 
131.64 ± 111.55 feet for patients without impairment; p = 
0.19). Similarly, at discharge, the patients without impair-
ment ambulated 22% farther compared with patients with-
out cognitive impairment (166.60 ± 141.68 feet for patients 
with cognitive impairment vs 214.20 ± 138.10 feet for pa-
tients without impairment; p = 0.16) (Table 3).

There was no significant difference in the average 
length of hospital stay between cohorts (5.33 ± 2.39 days 
for patients with delirium vs 5.48 ± 2.18 days for patients 
without delirium; p = 0.78) (Table 3). Compared with pa-
tients with cognitive impairment, the majority of patients 
without impairment were discharged directly home, with 
only a minority of patients requiring an additional stay at 
a postacute care facility (47.36% of patients with cognitive 
impairment vs 68.00% of patients without impairment 
were discharged home, p = 0.08; 49.12% patients with 
cognitive impairment vs 28.00% of patients without im-
pairment were discharged to an SNF, p = 0.06; and 3.50% 

TABLE 1. Baseline characteristics of elderly patients undergoing 
decompression and fusion surgery for correction of adult 
degenerative scoliosis

Characteristic
Cognitively  
Impaired

Not  
Impaired

p  
Value

No. of patients 57 25
Patient age, mean ± SD, yrs 74.73 ± 6.38 71.80 ± 5.79 0.04
Body mass index, mean ± 

SD, kg/m2
28.30 ± 6.70 29.42 ± 4.41 0.37

Male sex 42.36 36.00 0.34
Smoker 3.50 0.00 0.15
Congestive heart failure 5.26 4.00 0.80
Coronary artery disease 26.31 8.00 0.02
Cerebrovascular disease 7.01 8.00 0.88
Prior myocardial infarction 7.01 8.00 0.84
Hypertension 61.40 56.00 0.65
Atrial fibrillation 0.00 4.00 0.32
Diabetes 26.31 20.00 0.56

Both patient cohorts had similar baseline characteristics. Values are shown as 
the percentage of patients unless indicated otherwise. 

TABLE 2. Cohort-specific postoperative complication rates

Variable
Cognitively  
Impaired

Not  
Impaired

p  
Value

No. of patients 57 25
Operative
 Intraop durotomy 7.00 8.00 0.88
 Nerve root injury 0.00 0.00 1.00
 Spinal cord injury 0.00 0.00 1.00
Postop
 Delirium 19.29 8.00 0.01
 Ileus 7.01 8.00 0.88
 Pneumonia 8.77 0.00 0.02
 Urinary tract infection 6.00 0.00 0.01
 Deep vein thrombosis 1.75 0.00 0.32
 Pulmonary embolism 0.00 1.00 0.32
 Hematoma 0.00 0.00 0.99
 Sensorimotor deficits 1.75 4.00 0.61
 Myocardial infarction 0.00 0.00 0.99
 ≥1 complication 39.00 20.00 0.15

Values are shown as the percentage of patients.
Bold values indicate statistical significance.
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of patients with cognitive impairment vs 4.00% of patients 
without impairment were discharged to an acute rehabili-
tation facility, p = 0.91) (Table 3). There was no signifi-
cant difference in the 30-day unplanned readmission rate 
(12.80% of patients with cognitive impairment vs 12.00% 
of patients without impairment; p = 0.73) (Table 3).

Discussion
In this retrospective cohort study of elderly patients 

(> 65 years old) who underwent elective spinal surgery for 
adult degenerative scoliosis, we demonstrated that patients 
with preoperative cognitive impairment were at a greater 
than 2-fold risk of developing postoperative delirium.

Often undiagnosed, preoperative cognitive impairment 
has been previously shown to negatively affect surgical 
outcomes. In a retrospective study of 1771 surgical pa-
tients with impaired preoperative cognitive function, Gaj-
dos et al. observed that impaired sensorium significantly 
independently increases postoperative morbidity and mor-
tality.8 Robinson et al. found that in a prospective study 
of 186 elderly surgical patients, baseline cognitive impair-
ment is associated with increased complications, length of 
stay, and long-term mortality.21 O’Brien et al. also found 
in a narrative review of adult patients undergoing surgery 
that postoperative cognitive dysfunction was associated 
with prolonged cognitive impairment, resulting in a lon-
ger length of hospital stay and increased 1-year mortal-
ity rates.18 Furthermore, in an ambispective study of 130 
patients with Parkinson’s disease undergoing deep brain 
stimulation, Abboud et al. found that the type of cognitive 
impairment (e.g., attention, visuospatial) was specifically 
associated with longer postoperative hospitalization, post-
operative confusion, or poorer long-term outcomes.1 In 
a prospective study of 37 patients undergoing total knee 
arthroplasty, Rodriguez et al. found that at 3 months post-
operatively, all patients with cognitive impairment had at 
least 1 complication such as myocardial infarction, tran-

sient ischemia, atelectasis, excessive bleeding, postoper-
ative desaturation, and compartment syndrome.22 Analo-
gous to the aforementioned studies, our study showed 
similar negative associations between baseline cognitive 
impairment and the incidence of 1 or more postopera-
tive complications, including ileus, pneumonia, deep vein 
thrombosis, and sensorimotor deficits.

Delirium is a postoperative complication that previ-
ously has been associated with cognitive impairment. In 
an ambispective study of 560 elderly surgical patients (> 
70 years old), Inouye et al. observed that postoperative de-
lirium was associated with lower preoperative cognitive 
performance, greater immediate postoperative cognitive 
impairment, and greater long-term cognitive decline.10 In 
another prospective study of 109 patients who underwent 
surgery for acute hip fracture, Koskderelioglu et al. found 
that cognitive impairment and depressive mood were the 
most strongly associated with postoperative delirium.13 
Additionally, in a retrospective study of 107 patients un-
dergoing elective cardiac surgery, Veliz-Reissmüller et 
al. found that patients with lower preoperative MMSE 
scores had an increased risk of developing postoperative 
delirium. Moreover, the authors found that delirious pa-
tients had a significant decline in postoperative MMSE 
scores compared with their nondelirious counterparts.27 
In a retrospective study of 102 patients undergoing coro-
nary artery bypass grafting, Oldham et al. observed that 
mild cognitive impairment independently predicts post-
operative delirium and delirium severity.19 Additionally, 
in a retrospective study of 688 adult surgical patients, 
Sprung et al. found that mild cognitive impairment was 
associated with an increased frequency of postoperative 
delirium.25 Similarly, our study demonstrated that base-
line cognitive impairment resulted in a 2-fold increase in 
postoperative incidence of delirium, implicating baseline 
cognitive status as a risk factor for developing postoper-
ative delirium.

Compounded with the risk associated with preopera-
tive cognitive impairment, postoperative delirium is as-
sociated with complications and negative outcomes. In a 
retrospective study of 578,457 elderly patients undergoing 
lumbar spine surgery, Fineberg et al. found that postop-
erative delirium was associated with increased length of 
stay and increased mortality.5 Similarly, in a retrospective 
study of elderly patients undergoing major surgery, Raats 
et al. observed that patients with postoperative delirium 
were more likely to have an increase in adverse events, 
length of hospital stay, and mortality.20 In a retrospective 
study of patients undergoing surgery for aortic stenosis, 
Maniar et al. also found that postoperative delirium was 
associated with longer initial intensive care unit and hos-
pital stays and intensive care unit readmissions. Moreover, 
Maniar et al. showed that postoperative delirium was as-
sociated with increased 30-day and 1-year mortality.16 In a 
retrospective study of 656 cardiac surgery patients, Man-
gusan et al. found that postoperative delirium was associ-
ated with increased length of stay and increased preva-
lence of falls, discharge to a nursing facility, and need for 
home health services or inpatient physical therapy, thereby 
suggesting decreased postoperative functional capacity.15 
Although no difference in functional status was observed 

TABLE 3. Total and cohort-specific differences in postoperative 
functional status

Variable Delirium
No  

Delirium
p 

Value

No. of patients 57 25
Surgery to ambulation, 

days
1.50 ± 0.91 1.76 ± 1.09 0.30

Distance walked on am-
bulatory Day 1, feet

95.08 ± 124.32 131.64 ± 111.55 0.19

Distance walked on day 
of discharge, feet

166.60 ± 141.68 214.20 ± 138.10 0.16

Length of stay, days 5.33 ± 2.39 5.48 ± 2.18 0.78
Discharge to home 47.36 68.00 0.08
Discharge to SNF 49.12 28.00 0.06
Discharge to acute reha-

bilitation facility
3.50 4.00 0.91

30-day readmission rate 12.80 12.00 0.73

Values are shown as the mean ± SD or percentage of patients.
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and length of stay was comparable, we found that a greater 
percentage of patients with cognitive impairment required 
additional stay at a postacute care facility (i.e., SNF or 
acute rehabilitation facility).

Lastly, the increased incidence of postoperative com-
plications and negative outcomes in patients with delir-
ium is associated with increased health care utilization 
and costs. Franco et al., in a retrospective study of 500 
patients undergoing surgery, found average direct health 
care costs to be higher in patients with delirium compared 
with patients without delirium ($11,762.51 vs $9,415.95).6 
In a retrospective study of 116 patients undergoing surgery 
for hip fracture, Zywiel et al. observed a mean incremental 
increase of $8,286 in episode-of-care cost in patients with 
delirium compared with patients without delirium.29 In an-
other retrospective study of 500 patients undergoing sur-
gical resection for esophageal malignancy, Markar et al. 
found that patients with delirium had an increased length 
of hospital stay and significant increase in cost compared 
with the nondelirium group ($28,222.80 ± $13,017.7 vs 
$22,702.2 ± $9,689.2; p < 0.05), thereby suggesting that 
the identification of at-risk patients prior to surgery may 
facilitate timely interventions and result in lower health 
care utilization rates and costs.17

This study has limitations, with ensuing possible impli-
cations in its interpretation. First, the data were obtained 
using chart reviews. Thus, they are limited by the informa-
tion recorded during the episode of care and are subject to 
the weaknesses of a retrospective analysis. Second, cog-
nitive status was only measured using one tool, SLUMS. 
This limits our ability to compare results to studies that 
used alternative methods to determine mental status. 
Lastly, the reviewed cohort size was small and possibly 
underpowered, thereby limiting our ability to make any 
definitive conclusions. Despite these limitations, the study 
suggests that baseline cognitive impairment is associated 
with increased incidence of postoperative delirium in el-
derly patients following surgery for correction of adult de-
generative scoliosis.

Conclusions
Cognitive impairment is a risk factor for the develop-

ment of postoperative delirium. Postoperative delirium 
may be associated with decreased preoperative cognitive 
reserve. Cognitive impairment assessments should be con-
sidered in the preoperative evaluations of elderly patients 
prior to surgery.
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