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Background: Postoperative delirium (POD) has an incidence rate of 9% to 41%. It is directly
linked to decreasing cognitive function, increasing length of hospitalization and cost, as well
as other complications and mortality. We aimed to assess the risk factors for POD among
elderly patients by analyzing data from those who underwent spinal surgery.

Methods: This study included 446 patients aged 65 years or older who underwent spinal
surgery at our institution between March 2013 and May 2018. Data were collected retro-
spectively from the patients’ electronic medical records, and logistic regression was used to
identify the risk factors associated with POD. The diagnosis of POD was based on the Diag-
nostic and Statistical Manual of Mental Disorders, Fifth Edition, and was made through con-
sultation with a psychiatrist during postoperative hospitalization and before discharge.

Results: Seventy-eight (78/446, 17.4%) patients were diagnosed with POD. The most rele-
vant risk factor for POD was preoperative cognitive dysfunction (odds ratio [OR], 4.37; 95%
confidence interval [Cl], 1.60 to 11.93; P = 0.004), followed by emergency surgery (OR,
2.70; 95% Cl, 1.27 to 5.74; P = 0.01), age (OR, 1.19; 95% Cl, 1.13 to 1.26; P < 0.001), and
anesthesia time (OR, 1.01; 95% Cl 1.00 to 1.01; P = 0.002).

Conclusions: Preoperative cognitive dysfunction, emergency surgery, age, and anesthesia
time were factors that affected POD occurrence after spinal surgery. Patients with such as-
sociated factors may be at a higher risk for POD when undergoing spinal surgery, and hence,
careful management may be necessary for these patients.

Keywords: Aged; Anesthesia, general; Delirium; Postoperative complication; Risk factors;
Spinal surgery.

INTRODUCTION

With an increase in the global elderly adult population,
the number of surgeries being performed on elderly pa-
tients has been increasing. In Korea, the number of spinal
surgeries performed has increased over the years, from
110,000 in 2007 to 170,000 in 2013, and it is the fourth most

common surgery among 33 major single surgeries. In par-

ticular, the frequency of spinal surgery in patients aged
over 65 years has increased from 0.9% in 2007 to 1.3% in
2013. Spinal-surgery-related costs are also high, ranking
fifth for hospitalization and sixth for outpatient care [1].
Postoperative delirium (POD) is one of the most com-
mon postoperative complications in elderly patients. Its in-
cidence varies from 9% to 41%, depending on the type of
surgery or timing of POD assessment [2,3]. In Korea, Shin
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et al. [4] reported a POD incidence of 36.5% among elderly
(> 65 years old) patients undergoing gastrectomy. Other
researchers reported POD incidences of 21.4% among el-
derly (> 70 years old) patients undergoing neurosurgical
surgeries [5], 22.7% among elderly (> 65 years old) patients
undergoing cardiac surgery, and 6.7% among elderly (> 60
years old) patients undergoing orthopedic surgery [6,7].

POD is associated with decreasing cognitive function, in-
creasing hospitalization cost and duration, and increasing
complications and mortality [8,9]. Preventing POD, or re-
ducing its incidence, is important for improving a patient’s
prognosis. POD is described as a multifactorial syndrome
[10]. Perioperative active control of these factors would be
the best way to improve outcome. For example, Marcanto-
nio et al. [11] could lower the incidence of POD by con-
ducting geriatric consultation according to their protocol
during the hospitalization period.

The known risk factors for POD include age [12], im-
paired functional status, preexisting dementia [13], and
preexisting cognitive impairment [14]. Because these risk
factors were determined on the basis of the analysis of var-
ious types of surgeries, questions remain about their gen-
eralizability and application to patients undergoing spinal
surgery. Only a few studies have focused on the spinal area
or risk factors for delirium following spinal surgery [9,15-
17].

Various studies have reported different incidences of
POD, and an important factor causing this difference is the
type of surgery [2-7]. Although these studies were conduct-
ed on similarly aged elderly patients (65 years or older), the
reported incidences of POD varied according to the type of
surgery, thus indicating the need for considering another
risk factor. Health insurance reports show that the frequen-
cy of spinal surgery is increasing in this age group, and as a
result of the rapidly increasing elderly population in Korea,
the frequency of POD among elderly patients who have
undergone spinal surgery is also expected to increase [1].
Since little research has been conducted on this patient
group, we performed this study with an aim of providing
evidence for their clinical care.

Moreover, most studies have analyzed only simple POD
incidence reports or the presenting general risk factors
from the surgeon’s perspective [9,18]. Therefore, we also
aimed to investigate the possibility of preventing or reduc-
ing POD incidence by exploring reversible risk factors from
the anesthesiologist’s perspective. In this study, we com-
pared the characteristics of elderly patients with delirium
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after spinal surgery to those of normal patients. In addition,
we examined the risk factors contributing to POD to identi-
fy factors that can be adjusted during the perioperative pe-
riod.

MATERIALS AND METHODS

After receiving approval from the Institutional Review
Board (no. SGPAIK 2018-08-023), this study was conducted
by retrospectively reviewing the electronic medical records
(EMRs) of 458 elderly patients who underwent spinal sur-
gery at our institution between March 2013 and May 2018.
We included patients (1) who were 65 years and older
[16,18,19] (2) who had undergone spinal fusion surgery (3)
involving more than two segments (4) under general anes-
thesia. We excluded patients who had undergone more
than one surgery during hospitalization (n = 12). There-
fore, the final study population included 446 patients.

Immediately before the surgery, intravenous glycopyrro-
late (0.004 mg/kg) was administered as a premedication.
During the surgery, general anesthesia was maintained us-
ing volatile or intravenous anesthetics. Intravenous anes-
thetics were used when motor-evoked potential monitors
were employed. If postoperative intensive care unit (ICU)
admission was required, the patient was transferred imme-
diately after surgery. For postoperative analgesia, fentanyl
(1 pg/kg) was routinely administered intravenously 15 min
before completing skin suturing. If a patient’s numerical
rating scale (NRS) score in the recovery room was more
than 5 points, he/she was given additional fentanyl (1 pg/
kg), and the process was repeated until the NRS score fell
below 4 points. Once the patient returned to the ward, pa-
tient-controlled analgesia (PCA; a mixture of nefopam hy-
drochloride [80 mg], ramosetron hydrochloride [0.6 mg],
and normal saline [88 ml]) was used for a maximum of 3
days. PCA was set up to enable a bolus shot (1 ml) with a
15-min lock-out time and a 1-ml/h basal rate.

The data were extracted from the EMRs generated at the
time of hospitalization. The data included demographic
data (age, sex, height, and weight), American Society of
Anesthesiologists physical status class, alcohol (frequency
per month) and smoking history (pack-year), various co-
morbidities (cardiac, pulmonary, renal, hepatic, neurolog-
ic, etc.), use of anticoagulants, preoperative laboratory test
results (hemoglobin, albumin, sodium, and creatinine lev-
els), waiting days from admission to surgery, and the emer-

gency status. Preoperative comorbidities and medication
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were assessed and verified using preanesthetic assessment
and consultation records.

Comorbidities were organized into independent risk fac-
tors according to cardiovascular (hypertension, angina,
ischemic heart disease, heart failure, cardiomyopathy,
valve disease, or arrhythmia), respiratory (chronic obstruc-
tive pulmonary disease, pulmonary edema, pleural effu-
sion, atelectasis, or pneumonia), and hepatic (hepatitis or
liver cirrhosis) diseases. Patients with a present illness of
acute kidney injury or chronic kidney disease with or with-
out dialysis before surgery were defined as having the risk
factor “renal failure” Preoperative cognitive dysfunction
(dementia or Parkinson’s disease) and delirium were iden-
tified using psychiatric consultation records and medical
history. In addition, the duration of anesthesia (min),
events of hypothermia (< 36.0°C), amount of intraopera-
tive bleeding (ml), amount of infused fluid (ml), volume of
intraoperative blood transfusion (ml), and frequency of
pressor agent administration (5 mg bolus of ephedrine in-
travenously or 50 pg bolus of phenylephrine intravenously)
were explored. If a patient showed symptoms of delirium
after surgery during hospitalization, the attending physi-
cian consulted with a psychiatrist for the diagnosis and
treatment of POD. The psychiatrist made the diagnosis
based on the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition if a patient had any suspicious
symptoms, such as poor behavioral control, unawareness,
or decreased alertness. However, tools such as the Deliri-
um Rating Scale-Revised-98 were not applied to assess the
severity of symptoms.

We also explored other postoperative outcomes related
to POD, including the rate of ICU admission, days of ICU
admission, days of hospital admission, and mortality.

Statistical analysis

The data were presented as the mean * standard devia-
tion or number of patients (percentage). Continuous-type
risk factors (e.g., days of hospital admission, age, body
weight, height, anesthesia time, or transfusion/bleeding
volume) were compared between the two groups by using
Student’s ¢-test or the Mann-Whitney U test, based on the
results of the Shapiro-Wilk normality test. The incidence of
mortality and comorbidities was compared between the
groups by using the chi-squared test.

A logistic regression analysis based on a binomial gener-

alized linear model was performed to identify the risk fac-

www.anesth-pain-med.org

tors associated with POD. To identify significant indepen-
dent risk factors for POD, univariate (cutoff value was P <
0.1) and multivariate logistic regression analyses were
used. Independent risk factors with P < 0.05 in the multi-
variate analysis were considered statistically significant.
For producing the final logistic regression model, the risk
factors were selected by weighting the clinical implication
rather than the statistical values. The C-statistic and Hos-
mer-Lemeshow goodness-of-fit test were used to assess
the fitness of the logistic regression model. All statistical
analyses were conducted using IBM SPSS Statistics for
Windows, Version 25.0 (IBM Corp., USA).

RESULTS

Of the 446 patients, 78 (17.4%) were diagnosed with POD.
The differences in patient characteristics, preoperative anes-
thetic evaluation data, and intraoperative factors between
the non-POD and POD groups are shown in Table 1. The
POD group showed older age (P < 0.001) than did the non-
POD group. The POD group showed a greater incidence of
comorbidities, including diabetes mellitus (P = 0.013), re-
nal failure (P = 0.009), preoperative delirium (P = 0.009),
and preoperative cognitive dysfunction (P = 0.001). They
also had a significantly greater rate of emergency surgery (P
= 0.023) and more delayed surgery (P = 0.014). Moreover,
they showed lower preoperative hemoglobin level (P =
0.007), more frequent preoperative hyponatremia (P =
0.003), hypoalbuminemia (P = 0.002), and high serum cre-
atinine level (P = 0.042). Total anesthesia time was also
longer in the POD group (P = 0.021).

The results of univariate logistic regression analysis are
presented in Table 2. As preoperative risk factors for POD,
the significant relevant factors were age (odds ratio [OR],
1.18; 95% confidence interval [CI], 1.12 to 1.25), emergency
surgery (OR, 2.27; 95% CI, 1.17 to 4.39), diabetes mellitus
(OR, 1.94; 95% CI, 1.17 to 3.20), renal failure (OR, 6.05; 95%
CI, 1.80 to 20.36), preoperative delirium (OR, 6.23; 95% CI,
1.63 to 23.77), and cognitive dysfunction (OR, 4.67; 95% CI,
1.83 to 11.91). The significant relevant factors in the preop-
erative laboratory data for POD were hemoglobin level
(OR, 0.80; 95% CI, 0.68 to 0.95), hyponatremia (OR, 2.68;
95% CI, 1.43 to 5.02), hypoalbuminemia (OR, 3.02; 95% CI,
1.55 to 5.88), and high level of serum creatinine (OR, 2.35;
95% CI, 1.10 to 5.03). Anesthesia time was a significant in-
traoperative factor (OR, 1.00; 95% CI, 1.00 to 1.01).

The most important risk factor as revealed by the com-

277




Anesth Pain Med Vol. 15 No. 3

Table 1. Comparison of Demographics and Characteristics of Patients with/without Postoperative Delirium

Variable Non-POD (n = 368) POD (n = 78) P value
Patient characteristic
Age (yr) 722 %49 76.4 £ 4.8 < 0.001
Sex (M/F) 116 (31.5)/252 (68.5) 30(38.5)/48 (61.5) 0.292
Weight (kg) 589 £ 8.8 570 + 9.2 0.077
Height (cm) 1565 + 8.3 155.7 + 8.9 0.458
Smoking (pack-yr) 29 %143 32+111 0.849
Alcohol drinking (d/mo) 88 %93 156 £ 12.6 0.013
Preoperative anesthetic evaluation
ASA class 0.293
Class 1 2(0.5) 1(1.3)
Class 2 262 (71.2) 49 (62.8)
Class 3 100 (27.2) 28 (35.9)
Class 4 4(11) 0
Emergency surgery 35(9.5) 15(19.2) 0.023
Waiting days from admission to surgery 69 (18.8) 25(321) 0.014
(more than 3 d)
Diabetes mellitus 105 (28.5) 34 (43.6) 0.013
Renal failure 4(11) 5(6.4) 0.009
Delirium 4(11) 5(6.4) 0.009
Cognitive dysfunction 10(2.7) 9(11.5) 0.001
Cardiac disease 244 (66.3) 60 (76.9) 0.090
Respiratory disease 18(4.9) 5(6.4) 0.788
Hepatic disease 17 (4.6) 2(2.6) 0.612
Preoperative anticoagulant medication 79 (21.5) 13(16.7) 0.425
Preoperative Hb (g/dI) 127 £ 15 122+ 16 0.007
Hyponatremia 37(10.1) 18 (23.1) 0.003
Hypoalbuminemia 29 (7.9) 16 (20.5) 0.002
High serum creatinine level 24 (6.5) 11(14.1) 0.042
Intraoperative
Anesthesia time (min) 290.5 * 78.8 319.0 = 101.2 0.021
Surgery time (min) 2276 £ 83.9 245.2 £ 95.7 0.102
Frequency of pressor agent use 35 %32 45 %41 0.059
Hypothermia (< 36.0°C) 254 (69.0) 54 (69.2) 1.000
Intraoperative transfusion volume (ml) 401.6 + 493.1 4204 +511.3 0.762
Intraoperative bleeding volume (ml) 1,061.0 £ 953.1 1,062.8 + 913.5 0.988
Total intravenous anesthesia technique 7(1.9) 4(5.1) 0.095

Values are presented as mean = SD or number (%). POD: postoperative delirium, ASA: American Society of Anesthesiologists, Hb: hemoglobin.
Pressor agent: 5 mg bolus of ephedrine intravenously or 50 ug bolus of phenylephrine intravenously.

plete logistic regression analysis was preoperative cognitive
dysfunction (OR, 4.37; 95% CI, 1.60 to 11.93; P = 0.004).
Emergency surgery (OR, 2.70; 95% CI, 1.27 to 5.74; P =
0.01), age (OR, 1.19; 95% CI, 1.13 to 1.26; P < 0.001), and
anesthesia time (OR, 1.01; 95% CI, 1.00 to 1.01; P = 0.002)
were also associated with POD (Table 3).

Other postoperative outcomes related to POD are shown
in Table 4. The POD group showed a significantly higher
incidence of ICU admission (P = 0.003) and longer ICU
stay (P = 0.011) than did the non-POD group. They also
showed 0.6 times longer total hospital stay (mean days,
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25.7 days vs. 41.2 days) and 3.7% higher mortality (1.4% vs.
5.1%).

DISCUSSION

In this study, the incidence of POD was 17.4%, and the
associated risk factors were preoperative cognitive dys-
function, emergency surgery, age, and anesthesia time.
POD was associated with increased mortality, higher inci-
dence of ICU admission, and longer length of admission.

The incidence of POD in this study was similar to that
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Table 2. The Results of Univariate Logistic Regression Analysis for Postoperative Delirium

Independent risk factors Estimate Standarderror Wald Pvalue Oddsratio Lower95%Cl  Upper 95% Cl
Preoperative
Sex 0.31 0.26 1.40 0.237 1.36 0.82 2.25
Age 0.47 0.03 38.73 < 0.001 1.18 1.12 1.25
Weight -0.03 0.01 3.15 0.076 0.98 0.95 1.00
Height -0.01 0.02 0.57 0.451 0.99 0.96 1.02
Smoking 0.00 0.01 0.03 0.871 1.00 0.99 1.02
Alcohol drinking 0.35 0.30 1.38 0.241 1.43 0.79 2.58
Emergency surgery 0.82 0.34 5.86 0.015 227 147 4.39
Interval days from admission to surgery 0.02 0.01 3.05 0.081 1.02 1.00 1.05
Cardiac disease 0.53 0.29 3.29 0.070 1.69 0.96 2.99
Diabetes mellitus 0.66 0.26 6.66 0.010 1.94 147 3.20
Renal failure 1.80 0.62 8.45 0.004 6.05 1.80 20.36
Respiratory disease 0.70 0.40 3.13 0.077 2.02 0.93 4.39
Hepatic disease -0.61 0.76 0.65 0.421 0.54 0.12 2.40
Preoperative delirium 1.83 0.68 718 0.007 6.23 1.63 23.77
Preoperative cognitive dysfunction 1.54 0.48 10.4 0.001 4.67 1.83 11.91
Anticoagulant use -0.31 0.33 0.90 0.343 0.73 0.38 140
Preoperative Hb -0.22 0.09 6.70 0.010 0.80 0.68 0.95
Hyponatremia 0.99 0.32 9.53 0.002 2.68 143 5.02
Hypoalbuminemia 1.10 0.34 10.5 0.001 3.02 1.55 5.88
High serum creatinine 0.86 0.39 4.87 0.027 2.35 1.10 5.03
Intraoperative
Anesthesia time 0.00 0.00 7.24 0.007 1.00 1.00 1.01
Surgery time 0.00 0.00 2.61 0.106 1.00 1.00 1.01
Hypothermia 0.01 0.27 0.00 0.971 1.01 0.60 1.71
Intraoperative transfusion volume 0.00 0.00 0.09 0.762 1.00 1.00 1.00
Intraoperative total bleeding volume 0.00 0.00 0.00 0.988 1.00 1.00 1.00
Frequency of pressor agents administration 0.25 0.25 0.95 0.331 1.28 0.78 2.09

Hb: hemoglobin, 95% Cl: 95% confidence interval. Cut-off value of each risk factor for entering multivariate analysis from univariate analysis is P <
0.1.

Table 3. Final Logistic Regression Model for the Risk Factors of Postoperative Delirium in Elderly Patients after Spinal Fusion Surgery Using Independent
Risk Factors Obtained through Univariate Analysis

Independent risk factors Estimate Standard error Wald P value Odds ratio Lower 95% CI  Upper 95% Cl
Preoperative cognitive dysfunction 148 0.51 830 0.004 4.37 160 11.93
Emergency surgery 0.99 0.38 6.69 0.010 2.70 1.27 5.74
Age 0.18 0.03 38.24 < 0.001 1.19 1.13 1.26
Anesthesia time 0.01 0.01 9.92 0.002 1.01 1.00 1.01

95% Cl: 95% confidence interval. Cut-off value of each risk factor for entering multivariate analysis from univariate analysis is P < 0.1.

(11.8%) reported by Fineberg et al. [9] who evaluated the
risk factors for POD in 570,000 patients who underwent
lumbar decompression surgery or lumbar fusion. However,
Brown et al. [17] reported a much higher POD incidence of
40.5%. These differences in POD incidence seem depen-
dent on the diagnostic methods used. Since our patients
were diagnosed via psychiatric consultations when symp-
toms developed, some patients with milder symptoms may
have been missed during this process. To provide accurate
diagnosis and appropriate treatment for POD, delirium
evaluation may need to be performed as a routine practice
in high-risk patients, and not just in symptomatic patients.

www.anesth-pain-med.org

The cause of delirium is multifactorial and has been at-
tributed to numerous risk factors. Age is the most frequent-
ly identified risk factor for POD, and other risk factors in-
clude preexisting dementia, preoperative anemia, drug or
alcohol abuse, large intraoperative blood loss, duration of
surgery, general anesthesia, electrolyte imbalance, high
average pain, and frequent hypotension [9,15,16]. In this
study, we identified that preoperative cognitive dysfunc-
tion, emergency surgery, age, and anesthesia time were
significantly associated with POD (Table 3). Age is a known
factor closely related to the incidence of POD [15,20], and
in this study, the mean age of the POD group was signifi-
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cantly higher than that of the control group (76.4 years vs.
72.2 years; P < 0.001). Katznelson et al. reported that age
older than 65 years was associated with a threefold in-
creased risk of POD [21]. The higher incidence of POD in
the elderly may be associated with increased comorbidities
as well as age-related neurobiological changes (e.g., re-
duced brain volume and weight, and decreased production
of cerebral neurotransmitters).

Prolonged anesthesia time can be interpreted as another
representation of the duration of surgery time, and itis a
known risk factor according to previous studies [15,16].
Prolonged surgery time may indicate more complex proce-
dures with increased exposure to microemboli and the sys-
temic inflammatory response [22].

Previous studies have shown that preoperative cognitive
dysfunction is highly relevant, but its incidence varies de-
pending on the type of surgery [23,24]. In this study, cogni-
tive dysfunction was evaluated across cases of preoperative
dementia, Alzheimer’s disease, and delirium. The cholin-
ergic system and somatostatin are essential for normal
cognitive function, attention, and the sleep-wake cycle,
and their deficiency can cause dementia [25]. Therefore,
patients with dementia are more vulnerable to delirium.

The relationship between emergency surgery and POD is
still controversial. Ansaloni et al. [26] suggested that emer-
gency surgery is related to POD, even though this was not
supported by multivariable analysis. Moreover, they re-
ported a significantly higher (11%) incidence of POD in an
emergency setting, which was similar to our results (19.2%
vs. 9.2%, P = 0.023). They attributed this finding to the fact
that emergency surgery did not entail environmental con-
ditions that made patients feel comfortable. However, Ma-
lik et al. [27], who assessed the risk factors for delirium in
cases of femoral fractures, reported higher POD incidence
in non-emergency surgeries. In emergency surgeries, the
risk factors for POD will be clear, as these surgeries can be
performed without treating various correctable risk factors.
However, this is difficult to interpret because the risk fac-
tors for POD have multiple causes, and non-drug treat-

Table 4. Major Postoperative Outcomes related Postoperative Delirium

ments, such as those for ensuring patient comfort, cannot
be completely excluded in an emergency situation. There-
fore, further study is warranted on this point.

As is well known, POD has a significant effect on various
postoperative outcomes [17,28]. Patients with POD have 3.9
times higher mortality rates and 2.6 times higher rate of
ICU admission than do those without POD. Moreover, they
showed more prolonged ICU admission and hospital ad-
mission (Table 4). In other words, POD negatively contrib-
utes to the prognosis of patients and is closely related to in-
creasing medical costs. Therefore, identifying the risk fac-
tors for POD is important.

The risk factors for POD identified in this study are simi-
lar to those reported previously; nonetheless, there are
some limitations to generalizing these results. This is be-
cause the study was conducted on patients from a single
medical institution in Korea. A comprehensive analysis of
patients from multiple centers will be needed in the future.
Another limitation is that patients with mild symptoms of
POD may not have been diagnosed because the attending
physician requested psychiatric consultation only if the pa-
tient had clear delirium symptoms. This has an advantage
in the analysis based on a solid diagnosis, but the low rate
of diagnosis may have affected the analysis of the associa-
tion among risk factors. In addition, patients who showed
POD symptoms after discharge were not diagnosed and
might have been omitted. Lastly, the severity of delirium
could not be analyzed because the severity of delirium and
cognitive dysfunction was not classified. This is a drawback
of the diagnosis process. Patients with mild symptoms are
often excluded from the diagnosis process, and analysis of
the difference between risk factors and prognosis accord-
ing to the severity of symptoms is not carried out. There-
fore, to address these limitations, large-scale studies on
more patients are needed.

In summary, this study confirmed that preoperative cog-
nitive dysfunction and age were associated with POD after
spinal fusion surgery, along with emergency surgery and
anesthesia time. Although cognitive dysfunction and age

Other outcomes Non-POD (n = 368) POD (n = 78) P value
Incidence of ICU admission 40 (10.9) 19 (24.4) 0.003
ICU admission days (d) 0209 0.7t 16 0.011
Total hospital days (d) 25.7 £ 28.0 412+ 711 0.062
Mortality 5(1.4) 4(5.1) 0.088

Values are presented as number (%) or mean + SD. ICU: intensive care unit, POD: postoperative delirium.
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cannot be modified, they can be used as predictors for
POD. In patients who need emergency surgery, efforts to
reduce the risk of POD through prior evaluation, stabiliza-
tion of patients, and sufficient explanation of surgery may
be beneficial.

ACKNOWLEDGEMENTS

This work was supported by the 2012 Inje University re-
search grant.

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article
was reported.

AUTHOR CONTRIBUTIONS

Conceptualization: Sijin Choi, Byunghoon Yoo, Sangseok
Lee, Mun Cheol Kim. Data acquisition: Sijin Choi, Inyoung
Jung, Sangseok Lee. Formal analysis: Sijin Choi, Byung-
hoon Yoo, Sangseok Lee. Funding: Mun Cheol Kim. Writ-
ing-original draft: Sijin Choi, Inyoung Jung, Byunghoon
Yoo, Sangseok Lee, Mun Cheol Kim. Writing-review & final
proofing: Sijin Choi, Inyoung Jung, Byunghoon Yoo,
Sangseok Lee, Mun Cheol Kim.

ORCID

Sijin Choi, https://orcid.org/0000-0003-1860-3320
Inyoung Jung, https://orcid.org/0000-0002-6221-9177
Byunghoon Yoo, https://orcid.org/0000-0002-1958-8380
Sangseok Lee, https://orcid.org/0000-0001-7023-3668
Mun Cheol Kim, https://orcid.org/0000-0001-8114-410X

REFERENCES

1. Lee CH, Chung CK, Kim CH, Kwon JW. Health care burden of
spinal diseases in the Republic of Korea: analysis of a nation-
wide database from 2012 through 2016. Neurospine 2018; 15:
66-76.

2. Williams-Russo P, Urquhart BL, Sharrock NE, Charlson ME.
Post-operative delirium: predictors and prognosis in elderly
orthopedic patients. ] Am Geriatr Soc 1992; 40: 759-67.

3. Marcantonio ER, Goldman L, Orav EJ, Cook EF, Lee TH. The
association of intraoperative factors with the development of

postoperative delirium. Am ] Med 1998; 105: 380-4.

www.anesth-pain-med.org

b

o

~

co

©

10.

11.

12.

13.

14.

15.

16.

17.

Shin YH, Kim DK, Jeong HJ. Impact of surgical approach on
postoperative delirium in elderly patients undergoing gastrec-
tomy: laparoscopic versus open approaches. Korean J Anes-
thesiol 2015; 68: 379-85.

Oh YS, Kim DW, Chun HJ, Yi HJ. Incidence and risk factors of
acute postoperative delirium in geriatric neurosurgical pa-
tients. ] Korean Neurosurg Soc 2008; 43: 143-8.

Park JB, Bang SH, Chee HK, Kim JS, Lee SA, Shin JK. Efficacy
and safety of dexmedetomidine for postoperative delirium in
adult cardiac surgery on cardiopulmonary bypass. Korean J

Thorac Cardiovasc Surg 2014; 47: 249-54.

. Song KJ, Ko JH, Kwon TY, Choi BW. Etiology and related factors

of postoperative delirium in orthopedic surgery. Clin Orthop
Surg 2019; 11: 297-301.

. Saczynski JS, Marcantonio ER, Quach L, Fong TG, Gross A, In-

ouye SK, et al. Cognitive trajectories after postoperative deliri-
um. N Engl ] Med 2012; 367: 30-9.

. Fineberg SJ, Nandyala SV, Marquez-Lara A, Oglesby M, Patel

AA, Singh K. Incidence and risk factors for postoperative delir-
ium after lumbar spine surgery. Spine (Phila Pa 1976) 2013; 38:
1790-6.

Fong TG, Tulebaev SR, Inouye SK. Delirium in elderly adults:
diagnosis, prevention and treatment. Nat Rev Neurol 2009; 5:
210-20.

Marcantonio ER, Flacker JM, Wright R], Resnick NM. Reducing
delirium after hip fracture: a randomized trial. ] Am Geriatr
Soc 2001; 49: 516-22.

Litaker D, Locala J, Franco K, Bronson DL, Tannous Z. Preoper-
ative risk factors for postoperative delirium. Gen Hosp Psychi-
atry 2001; 23: 84-9.

Robinson TN, Raeburn CD, Tran ZV, Angles EM, Brenner LA,
Moss M. Postoperative delirium in the elderly: risk factors and
outcomes. Ann Surg 2009; 249: 173-8.

Juliebe V, Bjero K, Krogseth M, Skovlund E, Ranhoff AH, Wyller
TB. Risk factors for preoperative and postoperative delirium in
elderly patients with hip fracture. ] Am Geriatr Soc 2009; 57:
1354-61.

Shi C, Yang C, Gao R, Yuan W. Risk factors for delirium after
spinal surgery: a meta-analysis. World Neurosurg 2015; 84:
1466-72.

Nazemi AK, Gowd AK, Carmouche JJ, Kates SL, Albert TJ, Beh-
rend CJ. Prevention and management of postoperative deliri-
um in elderly patients following elective spinal surgery. Clin
Spine Surg 2017; 30: 112-9.

Brown CH 4th, LaFlam A, Max L, Wyrobek J, Neufeld KJ, Ke-
baish KM, et al. Delirium after spine surgery in older adults:

incidence, risk factors, and outcomes. ] Am Geriatr Soc 2016;

281



https://doi.org/10.14245/ns.1836038.019
https://doi.org/10.14245/ns.1836038.019
https://doi.org/10.14245/ns.1836038.019
https://doi.org/10.14245/ns.1836038.019
https://doi.org/10.1111/j.1532-5415.1992.tb01846.x
https://doi.org/10.1111/j.1532-5415.1992.tb01846.x
https://doi.org/10.1111/j.1532-5415.1992.tb01846.x
https://doi.org/10.1016/S0002-9343(98)00292-7
https://doi.org/10.1016/S0002-9343(98)00292-7
https://doi.org/10.1016/S0002-9343(98)00292-7
https://doi.org/10.4097/kjae.2015.68.4.379
https://doi.org/10.4097/kjae.2015.68.4.379
https://doi.org/10.4097/kjae.2015.68.4.379
https://doi.org/10.4097/kjae.2015.68.4.379
https://doi.org/10.3340/jkns.2008.43.3.143
https://doi.org/10.3340/jkns.2008.43.3.143
https://doi.org/10.5090/kjtcs.2014.47.3.249
https://doi.org/10.5090/kjtcs.2014.47.3.249
https://doi.org/10.5090/kjtcs.2014.47.3.249
https://doi.org/10.5090/kjtcs.2014.47.3.249
https://doi.org/10.4055/cios.2019.11.3.297
https://doi.org/10.4055/cios.2019.11.3.297
https://doi.org/10.4055/cios.2019.11.3.297
https://doi.org/10.1056/NEJMoa1112923
https://doi.org/10.1056/NEJMoa1112923
https://doi.org/10.1056/NEJMoa1112923
https://doi.org/10.1097/BRS.0b013e3182a0d507
https://doi.org/10.1097/BRS.0b013e3182a0d507
https://doi.org/10.1097/BRS.0b013e3182a0d507
https://doi.org/10.1097/BRS.0b013e3182a0d507
https://doi.org/10.1038/nrneurol.2009.24
https://doi.org/10.1038/nrneurol.2009.24
https://doi.org/10.1038/nrneurol.2009.24
https://doi.org/10.1046/j.1532-5415.2001.49108.x
https://doi.org/10.1046/j.1532-5415.2001.49108.x
https://doi.org/10.1046/j.1532-5415.2001.49108.x
https://doi.org/10.1016/S0163-8343(01)00117-7
https://doi.org/10.1016/S0163-8343(01)00117-7
https://doi.org/10.1016/S0163-8343(01)00117-7
https://doi.org/10.1097/SLA.0b013e31818e4776
https://doi.org/10.1097/SLA.0b013e31818e4776
https://doi.org/10.1097/SLA.0b013e31818e4776
https://doi.org/10.1111/j.1532-5415.2009.02377.x
https://doi.org/10.1016/j.wneu.2015.05.057
https://doi.org/10.1016/j.wneu.2015.05.057
https://doi.org/10.1016/j.wneu.2015.05.057
https://doi.org/10.1097/BSD.0000000000000467
https://doi.org/10.1097/BSD.0000000000000467
https://doi.org/10.1097/BSD.0000000000000467
https://doi.org/10.1097/BSD.0000000000000467
https://doi.org/10.1111/jgs.14434
https://doi.org/10.1111/jgs.14434
https://doi.org/10.1111/jgs.14434

Anesth Pain Med Vol. 15 No. 3

18

19.

20.

21.

22.

23.

64:2101-8.

. Adogwa O, Elsamadicy AA, Vuong VD, Fialkoff ], Cheng J, Kari-

kari IO, et al. Association between baseline cognitive impair-
ment and postoperative delirium in elderly patients undergo-
ing surgery for adult spinal deformity. ] Neurosurg Spine 2018;
28:103-8.

Korean Statistical Information Service. Projected population by
age group (Korea). Statistics Korea [serial on the Internet]. 2019
[cited 2019 Oct 9]. Available from http://kosis.kr/statHtml/
statHtml.do? orgld=101&tblld=DT_1BPA003&conn_path=
I2&language =en.

Lin Y, Chen J, Wang Z. Meta-analysis of factors which influence
delirium following cardiac surgery. J Card Surg 2012; 27: 481-
92.

Katznelson R, Djaiani GN, Borger MA, Friedman Z, Abbey SE,
Fedorko L, et al. Preoperative use of statins is associated with
reduced early delirium rates after cardiac surgery. Anesthesiol-
ogy 2009; 110: 67-73.

Caza N, Taha R, Qi Y, Blaise G. The effects of surgery and anes-
thesia on memory and cognition. Prog Brain Res 2008; 169:
409-22.

Kim BH, Lee S, Yoo B, Lee WY, Lim Y, Kim MC, et al. Risk factors

282

associated with outcomes of hip fracture surgery in elderly pa-

tients. Korean ] Anesthesiol 2015; 68: 561-7.

24. Kim SW, Kim N, Kim J, Kim KM, Lee S. Risk factors for postop-

erative delirium following total knee arthroplasty in elderly pa-

tients. Anesth Pain Med 2018; 13: 143-8.

25. Cummings JL, Benson DE The role of the nucleus basalis of

Meynert in dementia: review and reconsideration. Alzheimer

Dis Assoc Disord 1987; 1: 128-55.

26. Ansaloni L, Catena F, Chattat R, Fortuna D, Franceschi C, Mas-

citti P, et al. Risk factors and incidence of postoperative deliri-
um in elderly patients after elective and emergency surgery. Br

J Surg 2010; 97: 273-80.

27. Malik AT, Quatman CE, Phieffer LS, Ly TV, Khan SN. Incidence,

28.

risk factors and clinical impact of postoperative delirium fol-
lowing open reduction and internal fixation (ORIF) for hip
fractures: an analysis of 7859 patients from the ACS- NSQIP
hip fracture procedure targeted database. Eur J Orthop Surg
Traumatol 2019; 29: 435-46.

Salluh JI, Wang H, Schneider EB, Nagaraja N, Yenokyan G,
Damluji A, et al. Outcome of delirium in critically ill patients:

systematic review and meta-analysis. BMJ 2015; 350: h2538.

www.anesth-pain-med.org


https://doi.org/10.1111/jgs.14434
https://doi.org/10.3171/2017.5.SPINE161244
https://doi.org/10.3171/2017.5.SPINE161244
https://doi.org/10.3171/2017.5.SPINE161244
https://doi.org/10.3171/2017.5.SPINE161244
https://doi.org/10.1111/j.1540-8191.2012.01472.x
https://doi.org/10.1111/j.1540-8191.2012.01472.x
https://doi.org/10.1111/j.1540-8191.2012.01472.x
https://doi.org/10.1097/ALN.0b013e318190b4d9
https://doi.org/10.1097/ALN.0b013e318190b4d9
https://doi.org/10.1097/ALN.0b013e318190b4d9
https://doi.org/10.1097/ALN.0b013e318190b4d9
https://doi.org/10.1016/S0079-6123(07)00026-X
https://doi.org/10.1016/S0079-6123(07)00026-X
https://doi.org/10.1016/S0079-6123(07)00026-X
https://doi.org/10.4097/kjae.2015.68.6.561
https://doi.org/10.4097/kjae.2015.68.6.561
https://doi.org/10.4097/kjae.2015.68.6.561
https://doi.org/10.17085/apm.2018.13.2.143
https://doi.org/10.17085/apm.2018.13.2.143
https://doi.org/10.17085/apm.2018.13.2.143
https://doi.org/10.1097/00002093-198701030-00003
https://doi.org/10.1097/00002093-198701030-00003
https://doi.org/10.1097/00002093-198701030-00003
https://doi.org/10.1002/bjs.6843
https://doi.org/10.1002/bjs.6843
https://doi.org/10.1002/bjs.6843
https://doi.org/10.1002/bjs.6843
https://doi.org/10.1007/s00590-018-2308-6
https://doi.org/10.1007/s00590-018-2308-6
https://doi.org/10.1007/s00590-018-2308-6
https://doi.org/10.1007/s00590-018-2308-6
https://doi.org/10.1136/bmj.h2538
https://doi.org/10.1136/bmj.h2538
https://doi.org/10.1136/bmj.h2538

	INTRODUCTION
	MATERIALS AND METHODS
	Statistical analysis

	DISCUSSION 
	ACKNOWLEDGEMENTS
	CONFLICTS OF INTEREST 
	AUTHOR CONTRIBUTIONS
	ORCID 
	REFERENCES 

