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Abstract

Objective: The increasing number of spinal surgeries being performed in the elderly has

increased the incidence of postoperative delirium. The prediction of delirium is complex, and

few studies have been performed to examine the preoperative risk factors for delirium after

spinal surgery in the elderly. This study was performed to clarify such risk factors in patients aged

�75 years undergoing spinal surgery.

Method: This retrospective observational study included 299 patients aged �75 years.

Comorbidities, medication history, preoperative examination findings, surgery-related character-

istics, and health scale assessments, including the 36-Item Short-Form Survey (SF-36) score and

prognostic nutritional index (PNI), were examined as potential risk factors for delirium.

Results: Delirium occurred in 53 patients (17.7%). The preoperative risk factors for delirium

were a history of stroke and mental disorders, hypnotic drug use, malnutrition, hyponatremia,

anemia, respiratory dysfunction, and cervical surgery. Logistic regression analysis demonstrated

that the independent predictors of delirium were a history of stroke, non-benzodiazepine hyp-

notic drug use, preoperative hyponatremia, the PNI, and the SF-36 physical component summary

(PCS) score.

Conclusions: Independent preoperative predictors of delirium in elderly patients undergoing

spinal surgery included a history of stroke, non-benzodiazepine hypnotic drug use, preoperative

hyponatremia, the PNI, and the SF-36 PCS score.

Department of Orthopedic Surgery, Tokyo Medical and

Dental University, Tokyo, Japan

Corresponding author:

Hiroyuki Inose, Department of Orthopedic Surgery,

Tokyo Medical and Dental University, 1-5-45 Yushima,

Bunkyo-ku, Tokyo 113-8510, Japan.

Email: inose.orth@tmd.ac.jp

Journal of International Medical Research

48(10) 1–12

! The Author(s) 2020

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/0300060520961212

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed

as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0003-4195-2545
mailto:inose.orth@tmd.ac.jp
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060520961212
journals.sagepub.com/home/imr


Keywords

Delirium, preoperative risk factor, complication, elderly, spinal surgery, predictive factor

Date received: 27 March 2020; accepted: 1 September 2020

Introduction

Postoperative delirium is one of the most
common complications in perioperative
patients.1 According to previous reports,
the incidence of delirium after spinal sur-
gery widely ranges from 0.84% to
24.30%.1–7 Delirium is defined as a distur-
bance of consciousness and is characterized
by an acute onset and fluctuating course of
inattention. It is accompanied by either a
change in cognition or a perceptual distur-
bance such that a patient’s ability to
receive, process, store, and recall informa-
tion is impaired.8 In the postoperative set-
ting, delirium has been associated with poor
cognitive and functional recovery, increased
mortality, and other complications.5,6,9

Delirium has also been associated with
longer hospital stays and greater hospital
costs and caregiver burdens.10,11

Therefore, prevention of delirium is impor-
tant to reduce these problems and the asso-
ciated costs.

The cause of postoperative delirium is
multifactorial and has been attributed to
numerous risk factors; however, the exact
pathophysiology and etiology remain
unclear.12 Predisposing factors such as
pre-existing dementia, drug or alcohol
abuse, and abnormal sodium and potassi-
um levels as well as precipitating factors
such as postoperative pain, surgery, anes-
thesia, and hypoxia have been reported as
risk factors for delirium.5,12 Several studies
to date have investigated the risk factors for
delirium occurring after spinal surgery, and
old age has been the most frequently iden-
tified factor.1,2,5,7,13 However, because

age is a difficult factor to control, it is

important to consider risk factors other

than old age.
With the increasing frequency of spinal

surgeries being performed among patients

in a growing elderly population, the rise in

the incidence of postoperative delirium

after spinal surgery has become a matter

of concern. Japan is a super-aged society

with the world’s oldest population, and

the late-elderly (aged �75 years as defined

by the Japanese government) accounted for

11.6% of Japan’s population in the 2010

national population census. It has been pro-

posed that 65 to 74 years of age be defined

as “pre-old age” and that �75 years of age

be defined as “old age.”14 It should also be

noted that the incidence of complications of

spinal surgery increase in the late-elderly.15

Because the late-elderly are often nutrition-

ally weaker than younger people16,17 and

consume multiple sleeping pills and other

medications, preoperative evaluation and

management of each patient’s health condi-

tion is extremely important to prevent post-

operative delirium. However, few studies

have been performed to examine the preop-

erative risk factors for delirium in elderly

patients. The purpose of this study was to

examine such preoperative risk factors in

elderly patients undergoing spinal surgery

because an understanding of these factors

may help to prevent postoperative delirium.

Materials and methods

This retrospective observational study

included 299 consecutive patients aged
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�75 years who underwent spinal surgery at
our hospital from January 2014 to March
2017. The study was approved by the Ethics
Review Board of Tokyo Medical and
Dental University on 17 July 2018 (approv-
al number #M2018-101). The requirement
for informed consent was waived because
of the anonymous nature of the data. For
patients in whom multiple delirium epi-
sodes occurred during the study period,
the second and subsequent episodes were
excluded. All surgeries were performed
under general anesthesia with propofol, fen-
tanyl, and rocuronium bromide.
Sevoflurane or desflurane was used as the
inhalation anesthetic. All cervical and tho-
racic surgeries were performed under total
intravenous anesthesia for monitoring of
combined intraoperative motor evoked
potentials, whereas lumbar surgeries were
performed under total intravenous anesthe-
sia or inhalation anesthesia at the discretion
of the anesthesiologist. All patients were
supplied with oxygen (3–5 L/min) through
a mask for at least 3 hours postoperatively.
They were allowed to raise the bed to 90
degrees the day after the surgery and ambu-
late from the second postoperative day. All
patients who underwent anterior cervical
spine surgery stayed overnight in the inten-
sive care unit. None of the patients were
still on a ventilator after surgery. The diag-
nosis of delirium was based on the criteria
outlined in the Diagnostic and Statistical
Manual of Mental Disorders, 5th
Edition.8 When a patient exhibited symp-
toms of suspected delirium, the primary
doctor or nurses consulted with a liaising
psychiatry team; the psychiatrists then diag-
nosed the patients with delirium and began
treatment. The patients were divided into a
delirium group and non-delirium group and
statistically compared as described below.

The background factors compared
between the two groups were age, sex, and
comorbidities (diabetes mellitus, renal fail-
ure with dialysis, stroke, cardiovascular

disease, and mental disorders). The medica-

tion factors were the use of hypnotic drugs

(benzodiazepines, non-benzodiazepines,

suvorexant, and ramelteon), mood stabil-

izers, antipsychotic drugs, antidepressants

as psychotropic drugs, antithrombogenic

drugs, H2 blockers, beta blockers, anticho-

linergic drugs, dopamine agonists, and

other drugs commonly used by the elderly.

The preoperative examination factors

among respiratory function tests were the

percentage vital capacity and forced expira-

tory volume, and those among blood tests

were the hemoglobin concentration, hemat-

ocrit, sodium concentration, albumin con-

centration, total cholesterol concentration,

total lymphocyte count, blood urea nitro-

gen concentration, and creatinine concen-

tration. The operative factors were

surgical lesions (cervical, thoracic, or

lumbar), operative time, and intraoperative

blood loss volume. The health scale factors

were the Medical Outcomes Study Short-

Form 36-Item Health Survey (SF-36)

score, the controlling nutritional status

(CONUT) score, and the prognostic nutri-

tional index (PNI). The SF-36 question-

naire was distributed on the first day of

hospitalization, and several subscale scores

were calculated: the physical component

summary (PCS), mental component sum-

mary, and role/social component summary

scores. The CONUT score and PNI were

calculated to comprehensively evaluate the

nutritional status.18,19 The CONUT score

was evaluated using the albumin concentra-

tion, total cholesterol concentration, and

total lymphocyte count.18 The PNI was cal-

culated as follows: PNI¼ 10� albumin

concentrationþ 0.005� total lymphocyte

count.19

Furthermore, during a 1-year postopera-

tive follow-up, the patients were investigat-

ed with respect to the length of hospital

stay, postoperative complications, and

adverse events.
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Statistical analysis

Neurological and radiographic assessments
were performed by observers other than the
principal surgeon. Statistical analyses were
performed using JMP Version 14.2 (SAS
Institute, Cary, NC, USA). Intergroup
comparisons were performed using the v2

test or Mann–Whitney U test. A multivari-
able logistic regression analysis was per-
formed using the forward-backward
stepwise method to determine the indepen-
dent risk factors for postoperative delirium.
The model was constructed using variables
in a univariate analysis. Odds ratios (ORs)
and their 95% confidence intervals (CIs)
were calculated. A P-value of <0.05 was
considered statistically significant.

Results

The patients’ preoperative demographic
data are summarized in Table 1. The 299
patients included in this study comprised
137 (45.8%) men and 162 (54.2%)
women. Their mean age at the time of sur-
gery was 78.9 years (range, 75–94 years). Of
the 299 patients, 65, 30, and 204 patients
underwent cervical, thoracic, and lumbar
spinal surgery, respectively (Figure 1).
Around 26.4% of the patients had a history
of diabetes mellitus, and >20% used benzo-
diazepines, antithrombogenic drugs, and
H2 blockers.

The clinical data in the delirium and non-
delirium groups are summarized in Table 2.
Postoperative delirium occurred in 53
(17.7%) patients. The average onset of post-
operative delirium was 1.6 days (range, 0–14
days) postoperatively; 88.7% of the patients
developed delirium within 48 hours. Patients
who developed delirium more than 1 week
after surgery were those with postoperative
insomnia or heart failure. Furthermore, the
average period of recovery from postopera-
tive delirium was 4.3 days (range, 1–14 days);
5.7% of the patients experienced prolonged

postoperative delirium for more than 1 week.

There were no significant differences in the

age-to-sex ratio between the two groups.

Postoperative delirium was more frequent

in patients with a history of stroke

(P¼ 0.016); patients with mental disorders

(P¼ 0.001); and patients taking drugs includ-

ing benzodiazepines, non-benzodiazepines,

antipsychotic drugs (P¼ 0.001), and antide-

pressants (P¼ 0.015). We also investigated

the patients’ history of mental disorders

excluding sleep disorders and dementia, and

we found that schizophrenia, bipolar disor-

der, and depression were present among the

patients in this study. Furthermore, when the

proportion of each of these three mental dis-

orders in both groups was examined, the pro-

portion of depression was significantly higher

in the delirium than non-delirium group

(P¼ 0.007). There were no significant differ-

ences in the use of suvorexant and ramelteon

between the delirium and non-delirium

Table 1. Preoperative demographic data.

Total patients 299

Age, years 78.9 (75–94)

Sex, M/ F (M%) 137/162 (45.8)

Diabetes mellitus 79 (26.4)

Renal failure with dialysis 11 (3.7)

Stroke 25 (8.4)

Cardiovascular disease 50 (16.7)

Mental disorder 8 (2.7)

Medical history

Benzodiazepines 95 (31.8)

Non-benzodiazepines 37 (12.4)

Suvorexant and ramelteon 4 (1.3)

Mood stabilizers 7 (2.3)

Antipsychotic drugs 12 (3.0)

Antidepressants 7 (2.3)

Antithrombogenic drugs 80 (26.8)

H2 blockers 67 (22.4)

Beta blockers 40 (13.4)

Anticholinergic drugs 19 (6.4)

Dopamine agonists 12 (4.0)

Data are presented as average (range) or n (%).

M, male; F, female.
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Table 2. Univariate analysis of postoperative delirium between delirium and non-delirium groups.

Delirium group

(n¼ 53)

Non-delirium

group (n¼ 246) OR (95% CI) P

Background factors

Age, years 79.1� 3.3 78.9� 3.4 1.02 (0.93–1.11) 0.639

Sex, M/F (M%) 21/32 (39.6) 116/130 (47.2) 0.74 (0.40–1.34) 0.316

Diabetes mellitus 13 (24.5) 66 (26.8) 1.12 (0.57–2.24) 0.731

Renal failure with dialysis 3 (5.7) 8 (3.3) 1.79 (0.46–6.97) 0.404

Stroke 9 (17.0) 16 (6.5) 2.94 (1.22–7.07) 0.016*

Cardiovascular disease 11 (20.8) 39 (15.9) 1.39 (0.63–2.86) 0.397

Mental disorder 6 (11.3) 2 (0.8) 15.57 (3.05–79.53) 0.001**

Medication factors

Benzodiazepines 27 (50.9) 68 (27.6) 2.72 (1.48–4.99) 0.001**

Non-benzodiazepines 14 (26.4) 23 (9.3) 3.48 (1.65–7.34) 0.001**

Suvorexant and ramelteon 1 (1.9) 3 (1.2) 1.56 (0.16–15.27) 0.704

Mood stabilizers 1 (1.9) 6 (2.4) 0.77 (0.09–6.53) 0.809

Antipsychotic drugs 7 (13.2) 5 (2.0) 7.33 (2.23–24.11) 0.001**

Antidepressants 4 (7.5) 3 (1.2) 6.61 (1.43–30.48) 0.015*

Antithrombogenic drugs 17 (32.1) 63 (25.6) 1.37 (0.72–2.61) 0.336

H2 blockers 14 (26.4) 53 (21.5) 1.31 (0.66–2.59) 0.441

Beta blockers 10 (18.9) 30 (12.2) 1.67 (0.76–3.68) 0.199

Anticholinergic drugs 6 (11.3) 13 (5.3) 2.29 (0.83–6.33) 0.110

Dopamine agonists 3 (5.7) 9 (3.7) 1.58 (0.41–6.04) 0.504

Preoperative examination factors

%VC, % 85.3� 16.9 95.6� 18.2 0.97 (0.94–0.98) <0.001**

FEV 1.0%, % 77.1� 10.2 74.3� 9.2 1.03 (0.99–1.08) 0.076

Hb, mEq/L 12.1� 1.7 12.7� 1.6 0.78 (0.65–0.95) 0.010*

Ht, % 36.1� 4.7 38.1� 4.4 0.90 (0.84–0.97) 0.003**

Na, g/dL 139.2� 3.6 141.1� 3.0 0.84 (0.77–0.92) <0.001**

Alb, g/dL 3.7� 0.5 4.0� 0.5 0.35 (0.20–0.61) <0.001**

TC, mg/dL 186.4� 39.7 196.7� 38.2 0.99 (1.00–1.01) 0.086

TLC, cells/mL 1360.5� 575.3 1656.8� 590.5 0.99 (0.99–0.99) 0.001**

BUN, mg/dL 19.6� 9.2 18.0� 7.4 1.02 (0.99–1.06) 0.177

Cre, mg/dL 1.2� 1.7 0.96� 0.9 1.17 (0.94–1.45) 0.163

Operative factors

Cervical surgery 18 (34.0) 47 (19.1) 2.08 (1.10–3.95) 0.024*

Operative time, minutes 199.9� 106.3 202.2� 100.3 0.99 (0.99–1.00) 0.883

Intraoperative blood loss, mL 265.7� 316.8 298.4� 343.8 0.99 (0.99–1.00) 0.524

Health scale factors

SF-36 PCS score 16.4� 10.3 22.7� 12.2 0.95 (0.92–0.99) 0.005**

SF-36 MCS score 49.6� 9.9 50.3� 9.8 0.99 (0.96–1.03) 0.659

SF-36 RCS score 27.2� 15.5 28.6� 16.8 0.99 (0.97–1.02) 0.625

CONUT score 2.7� 2.5 1.4� 1.8 1.29 (1.13–1.48) <0.001**

PNI 43.8� 7.1 48.1� 6.0 0.91 (0.87–0.95) <0.001**

Data shown as mean� standard deviation or n (%). P< 0.05 is considered statistically significant. *P< 0.05, **P< 0.01.

OR, odds ratio; CI, confidence interval; M, male; F, female; %VC, percentage vital capacity; FEV, forced expiratory volume;

Hb, hemoglobin; Ht, hematocrit; Na, sodium; Alb, albumin; TC, total cholesterol; TLC, total lymphocyte count; BUN,

blood urea nitrogen; Cre, creatinine; SF-36, Medical Outcomes Study Short-Form 36-Item Health Survey; PCS, physical

component summary; MCS, mental component summary; RCS, role/social component summary; CONUT, controlling

nutritional status; PNI, prognostic nutritional index.
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groups. The preoperative percentage vital
capacity (P< 0.001), hemoglobin concentra-
tion (P¼ 0.010), hematocrit (P¼ 0.003),
sodium concentration (P< 0.001), albumin
concentration (P< 0.001), and total lympho-
cyte count (P¼ 0.001) were significantly
lower in the delirium than non-delirium
group. With respect to operative factors,
the incidence of postoperative delirium
(27.7%) was significantly higher in patients
who underwent cervical spine surgery
(P¼ 0.024) (Figure 1). Compared with pos-
terior cervical spine surgery, anterior cervical
spine surgery was significantly more closely
associated with delirium (OR, 6.43; 95% CI,
1.06–38.90; P¼ 0.036) (Table 3). There were
no significant differences in the operative
time or intraoperative blood loss volume
between the two groups. In terms of health
scale factors, the SF-36 PCS score
(P¼ 0.005) and the PNI (P< 0.001) were sig-
nificantly lower and the CONUT score
(P< 0.001) was significantly higher in the
delirium group. Thus, the preoperative risk
factors identified were a history of stroke
and mental disorders, medication history of
benzodiazepines and non-benzodiazepines,
malnutrition, hyponatremia, anemia, respira-
tory dysfunction, and cervical surgery. In the
multiple logistic regression analysis, five var-
iables were identified as significant indepen-
dent risk factors for postoperative delirium:
medication history of non-benzodiazepines
(OR, 5.68; 95% CI, 2.16–14.97; P< 0.001),
history of stroke (OR, 6.31; 95% CI, 1.71–
23.21; P¼ 0.008), preoperative sodium con-
centration (OR, 0.83; 95% CI, 0.73–0.94;
P¼ 0.003), PNI (OR, 0.91; 95% CI, 0.84–
0.98; P¼ 0.014), and SF-36 PCS score
(OR, 0.95; 95% CI, 0.91–0.99; P¼ 0.011)
(Table 4).

The length of hospital stay and the peri-
operative complications are summarized in
Table 5. The delirium group had a signifi-
cantly longer hospital stay and a higher
incidence of surgical site infection, urinary
tract infection, and heart failure.

Furthermore, the adverse events that

occurred for up to 1 year postoperatively

are summarized in Table 6. The causes of

death in the delirium group were pneumo-

nia (n¼ 2) and heart failure (n¼ 1), and the

causes of death in the non-delirium group

were pneumonia (n¼ 1) and cancer (n¼ 2).

Compared with the non-delirium group,

significantly higher numbers of patients in

the delirium group developed progressive

dementia (OR, 31.95; 95% CI, 6.84–

149.31; P< 0.001). Furthermore, 15.1% of

patients in the delirium group but only

6.1% of those in the non-delirium group

were lost to follow-up at 1 year postopera-

tively (OR, 2.74; 95% CI, 1.10–6.84;

P¼ 0.031), representing a significant loss.

Discussion

In the present study, we investigated the

preoperative risk factors for postoperative

delirium in elderly patients undergoing

spinal surgery with the goal of facilitating

early management in these patients.

Independent predictors of delirium were a

history of stroke, non-benzodiazepine hyp-

notic drug use, a lower preoperative serum

sodium concentration, the PNI, and the SF-

36 PCS score.

Figure 1. Relationship between surgical lesion and
postoperative delirium. The number above the bar
represents the ratio of the number of patients with
postoperative delirium to the number of patients
with a surgical lesion.
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Table 3. Incidence of postoperative delirium by type of spinal surgery.

Total number

of patients

Number of patients with

postoperative delirium

Cervical (n¼ 65)

Anterior surgery 6 4 (66.7)

Posterior surgery 59 14 (23.7)

Thoracic (n¼ 30)

Posterior surgery 29 6 (20.7)

Anterior–posterior surgery 1 0 (0.0)

Lumbar (n¼ 204)

Posterior surgery 202 28 (13.9)

Anterior–posterior surgery 2 1 (50.0)

Data are presented as n or n (%).

Table 4. Independent risk factors for postoperative delirium: logistic regression analysis.

Risk factors OR (95% CI) P

Non-benzodiazepines 5.68 (2.16–14.97) <0.001

Stroke 6.31 (1.71–23.21) 0.008

Na, g/dL 0.83 (0.73–0.94) 0.003

PNI 0.91 (0.84–0.98) 0.014

SF-36 PCS score 0.95 (0.91–0.99) 0.011

P< 0.05 is considered statistically significant.

OR, odds ratio; CI, confidence interval; Na, sodium; PNI, prognostic nutritional index; SF-36, Medical Outcomes Study

Short-Form 36-Item Health Survey; PCS, physical component summary.

Table 5. Hospital stay and perioperative complications.

Delirium group

(n¼ 53)

Non-delirium

group (n¼ 246) OR (95% CI) P

Hospital stay, days 33.1 (14–139) 23.3 (12–86) 1.04 (1.02–1.06) <0.001**

Epidural hematoma 1 (1.9) 6 (2.4) 0.77 (0.09–6.53) 0.804

Surgical site infection 3 (5.7) 1 (0.4) 14.70 (1.50–144.22) 0.011*

Wound complication 3 (5.7) 3 (1.2) 4.86 (0.95–24.78) 0.068

Nerve root palsy 1 (1.9) 6 (2.4) 0.77 (0.09–6.53) 0.804

Pneumonia 1 (1.9) 0 (0.0) 0.062

Urinary tract infection 4 (7.5) 3 (1.2) 6.61 (1.43–30.48) 0.018*

Heart failure 3 (5.7) 2 (0.8) 7.32 (1.19–44.94) 0.033*

Deep venous thrombosis 1 (1.9) 1 (0.4) 4.71 (0.29–76.55) 0.297

Pulmonary embolism 1 (1.9) 0 (0.0) 0.062

Rectal ulcer 0 (0) 1 (0.4) 0.532

Data are presented as average (range) or n (%). P< 0.05 is considered statistically significant. *P< 0.05, **P< 0.01.

OR, odds ratio; CI, confidence interval.
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In this study, the incidence of postoper-
ative delirium was 17.7% among patients
aged �75 years who underwent spinal sur-

gery. Lee and Park2 reported that 13.6% of
217 patients aged >60 years who underwent
lumbar spine surgery developed postopera-
tive delirium. Kobayashi et al.4 reported
that 5.7% of 262 patients aged >80 years
who underwent spinal surgery developed
postoperative delirium. The incidence of
postoperative delirium was higher in our
study than in previous reports that targeted
elderly patients undergoing spinal surgery.
This difference may be attributed to the
inclusion of a liaison psychiatry team,

resulting in a more accurate and inductive
diagnosis of postoperative delirium (includ-
ing hypoactive delirium, which may be
underestimated by non-experts).20

Furthermore, postoperative delirium was
significantly prevalent in patients who
underwent cervical spine surgery, especially
anterior cervical surgery (Figure 1 and
Table 3). Although cervical spine surgery
may reportedly be associated with postop-
erative delirium,4 few reports have specified
whether delirium is more prevalent in the
anterior or posterior cervical approach.

Therefore, this needs to be examined in
detail in future studies.

The causes of delirium are multifactorial
and include preoperative, intraoperative,
and postoperative factors.5,13 Because we

can only control preoperative risk factors,
it is important to identify these factors. We
found that a history of stroke was an inde-

pendent predictor of delirium. It is specu-
lated that direct brain damage from stroke
may increase the risk of postoperative delir-
ium13,21; however, this factor cannot be
controlled preoperatively. We also found
that preoperative hyponatremia was a sig-
nificant risk factor for postoperative deliri-
um, and Morino et al.22 reported the same
finding in an age-matched analysis.
Moreover, Halladay et al.23 identified the
following delirium-screening targets: preex-
isting cognitive impairment, infection, and

a sodium concentration of <135 or >145
mEq/L. Electrolyte disorders are thought
to directly cause neuronal injury, induce
the production of neurotransmitters, and
induce delirium.21,24 Thus, the preoperative
sodium balance may require strict control.

The two other predictive risk factors for
delirium were the SF-36 PCS score and the
PNI. Because the brain has a high nutri-
tional requirement, malnutrition may play
an important role in the development of
delirium.25 Micronutrients and other vita-
min deficiencies such as niacin or thiamine
have an impact on delirium onset because
of impaired neurotransmission.26 The PNI
and the CONUT score are simple malnutri-
tion assessment tools and are often used for
the nutritional assessment of patients in

Table 6. Adverse events up to 1 year postoperatively.

Delirium group

(n¼ 53)

Non-delirium

group (n¼ 246) OR (95% CI) P

Lost to follow-up 8 (15.1) 15 (6.1) 2.74 (1.10–6.84) 0.031*

Fall and fracture 2 (3.8) 11 (4.5) 0.84 (0.18–3.90) 0.821

Dementia progression 11 (20.8) 2 (0.8) 31.95 (6.84–149.31) <0.001**

Bedridden state 5 (9.4) 10 (4.1) 2.03 (0.68–6.03) 0.202

Pneumonia 3 (5.7) 4 (1.6) 3.63 (0.79–16.72) 0.098

Death 3 (5.7) 3 (1.2) 4.86 (0.95–24.77) 0.068

Data are presented as n (%). P< 0.05 is considered statistically significant. *P< 0.05, **P< 0.01.

OR, odds ratio; CI, confidence interval.
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either the terminal phase of a disease or in
rehabilitation.18,19 Oe et al.6 assessed the
preoperative PNI and CONUT score and
reported that a PNI of <49.7 was a risk
factor for postoperative delirium in adults
with spinal deformities. Kin et al.27

reported that the preoperative general
health perception score of the SF-36 was
an independent risk factor for postopera-
tive delirium in patients with cervical spon-
dylotic myelopathy. Collectively,
undernutrition is an important risk factor
for postoperative delirium, and these
simple scores are useful when assessing the
nutritional status of patients before spinal
surgery.

In this study, non-benzodiazepine use (as
opposed to benzodiazepine use) was identi-
fied as an independent risk factor for delir-
ium; however, there was no difference in the
proportion of patients (though small) using
suvorexant or ramelteon between the delir-
ium and non-delirium groups. Although the
use of benzodiazepines, which directly
affect the central nervous system, is thought
to be a risk factor for delirium, these drugs
are widely used to treat anxiety and insom-
nia in the clinical setting.28 Whereas benzo-
diazepines nonselectively target the a1, a2,
a3, or a5 subunits of the GABAA receptors,
non-benzodiazepines selectively target the
a2 and a3 subunits, causing sedation, anx-
iolysis, and muscle relaxation. Non-
benzodiazepines also partially bind to the
a1 and a5 subunits with adverse effects of
amnesia and intoxication, resulting in cen-
tral cholinergic deficits and neurotransmit-
ter hyperactivity and leading to
delirium.29–31 In this study, benzodiazepines
and non-benzodiazepines were prescribed
in half the patients; thus, their social
impact seems to be a large risk factor for
delirium. Therefore, preoperative adminis-
tration of both benzodiazepines non-
benzodiazepines to the elderly should be
carefully considered, and it would be more
desirable to switch to suvorexant or

ramelteon, neither of which has an effect
on GABAA receptors.

The data in Table 5 suggest that postop-
erative delirium increased the length of hos-
pital stay and the incidence of perioperative
complications, which is consistent with pre-
vious reports.5,6,9–11 Furthermore, the data
in Table 6 show that the health status of the
patients in the delirium group was not nec-
essarily better than that of the patients in
the non-delirium group at 1 year postoper-
atively. This included a significantly higher
rate of dementia progression in the delirium
group, although the direct association of
dementia progression with postoperative
delirium is not known. However, dementia
progression can certainly worsen elderly
patients’ postoperative quality of life.1,32

Malnutrition and hyponatremia are consid-
ered risk factors for delirium,6,22,23 and pre-
ventive interventions for these factors also
reduce the incidence of other complications
such as postoperative surgical site infection
and mortality.33–35 Therefore, a prospective
study of postoperative delirium in elderly
patients who have undergone spinal surgery
with preoperative correction of malnutri-
tion and hyponatremia may be important.36

This study has several limitations. First,
this was a retrospective study and the
sample size was relatively small. Second,
because it was a single-center study, bias
during patient selection cannot be ruled
out. Third, we examined the incidence of
postoperative delirium in people aged �75
years. If we had included patients of all
ages, we may have been able to establish,
for example, that dementia occurs more fre-
quently in people aged >75 than <75 years.
Fourth, we did not examine the role of the
type of anesthesia or the effects of intrao-
perative hemodynamics and all types of
mental disorders in the development of
postoperative delirium. Because the differ-
ences between inhalation anesthesia and
total intravenous anesthesia, intraoperative
hypertension and hypotension, and the
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effects of various mental disorders may

affect the incidence of postoperative deliri-

um,37,38 further study is required to eluci-

date the effects of general anesthesia,

intraoperative hemodynamics, and mental

disorders. Finally, the problems associated

with an accurate diagnosis of low-activity

delirium may be easily overlooked.

Delirium is a complex disease involving

multiple factors; therefore, prospective

studies are needed to strengthen the collab-

oration between physicians and the liaison

psychiatry team and to develop delirium

prevention techniques. Despite these limita-

tions, we believe that our results are of clin-

ical value for designing prophylactic

measures against postoperative delirium.
In conclusion, we identified five indepen-

dent preoperative risk factors for postoper-

ative delirium in patients aged �75 years

undergoing spinal surgery: a history of

stroke, a history of using non-

benzodiazepine medication, hyponatremia,

the PNI, and the SF-36 PCS score. These

predictors may help to identify patients at a

higher risk of delirium after spinal surgery

and, based on the assessment of the preop-

erative status of elderly patients, may facil-

itate the designing of appropriate

prophylactic measures for delirium.
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