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Abstract

Background/purpose: Recently, postoperative delirium (POD) has become a major problem in the
perioperative management of general anesthesia in elderly patients. In this study, the general anesthesia
and perioperative management of elderly patients aged 75 years or older undergoing non-major oral
and maxillofacial surgery, and the incidence of POD, were retrospectively investigated, and the risk
factors associated with them were determined.
Materials and methods: The study was performed by retrospectively investigating patients’ medical
records. The items investigated included: patient characteristics, dental diagnosis, concomitant general
diseases, including dementia, preoperative laboratory data, anesthesia method (induction and
maintenance of anesthesia), changes in blood pressure during anesthesia, duration of anesthesia,
duration of surgery, perioperative complications, dose of anesthetics at induction, use of hemodynamic
agents, and changes in pre- and postsurgical cognitive function. The Mann-Whitney U test and logistic
regression analysis were used for statistical analysis. A significance level of p<0.05 was set for each test.
Results and conclusions: The participants were 42 patients (15 males and 27 females) with a median age
of 81 years. Six patients were preoperatively diagnosed with dementia. The risk factors for POD
identified were preoperative diagnosis of dementia, higher age and longer duration of anesthesia. No
other factors were significantly related to the risk of POD. Logistic regression analysis demonstrated
that a preoperative diagnosis of dementia correlated with postoperative delirium. Six patients developed
POD within several hours or 1 day after the end of anesthesia; five of the six patients were diagnosed
with dementia preoperatively.
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Introduction
The perioperative management of general anesthesia in elderly
patients often involves various challenges, because
complications can arise due to age-related deterioration in
organ function. Postoperative delirium (POD) and
postoperative cognitive dysfunction (POCD) have become a
problem in recent years [1-3]. Review articles have cited
advanced age, preoperative use of benzodiazepines, anesthesia
duration, use of nitrous oxide, type of surgery, heart disease,
alcohol dependency, opioid use, education level, physical
status according to the American Society of Anesthesiologists,
and preoperative cognitive impairment as risk factors for both
POD and POCD [2,4,5]. Other factors relating to surgery
(anesthesia duration, invasiveness of surgery, hypoxemia,
decreased cerebral perfusion due to low blood pressure, high
concentration of anesthetics), the hospital environment
(prolonged hospitalization, sleep disturbance due to monitor
sounds in the intensive care unit, etc.), and postoperative

factors (inflammatory response, stress-related sleep
disturbance, benzodiazepines and other sedatives, and narcotic
analgesics used after surgery) have also been implicated
[2,4,5]. Although there are clearly many contributing factors,
few causes have been clearly identified [1-3]. With regard to
the relationship between dementia and anesthetic agents, there
has been a mix of contradictory reports on the effects of
anesthetics on POD and POCD, including basic research, and
no consistent trends have been described [6-13]. Although
several reports have assessed the risk factors for POD in
patients undergoing major head and neck cancer surgery
[14-17], the risk factors in patients undergoing non-major oral
and maxillofacial surgery have not been identified.

The objective of this study was to investigate the occurrence of
systemic complications, particularly cognitive impairment and
abnormal behavior characteristic of delirium, in the
perioperative period of non-major oral and maxillofacial
surgery, and the factors associated with these complications,
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with the goal of establishing safe perioperative management
procedures for elderly patients. This was done by conducting a
retrospective survey of general anesthesia and postoperative
management in elderly patients aged 75 years and above at our
hospital.

Material and Methods
The medical protocol of this retrospective study followed the
Declaration of Helsinki, and was conducted with the approval
of the Institutional Research Board and Ethics Committee of
the Graduate School of Dentistry, Kanagawa Dental University
(Approval Number 404). The subjects were patients aged 75
years and above who underwent general anesthesia for oral and
maxillofacial surgery at Kanagawa Dental University Hospital
during the two years from April 2015 to March 2017.

This study retrospectively reviewed patient medical,
anesthesia, and nursing records to examine the items listed
below. Evaluation parameters included patient characteristics
(age, sex, height, body weight), dental diagnosis, details of
surgery, concomitant systemic diseases, preoperative
laboratory test results, general anesthesia techniques (induction
and maintenance), changes in intraoperative vital signs,
number of days in the hospital, anesthesia duration, surgery
duration, type of perioperative comorbidities, anesthetic dose
during induction, use of hemodynamic agents, and changes in
cognitive function and abnormal behavior after surgery.
Patients preoperatively diagnosed with dementia by a specialist
were classified as ‘having a diagnosis of dementia’. The extent
of dementia was evaluated preoperatively using the Clinical
Dementia Rating scale [18], based on diagnosis by a specialist
and interviews with caregivers about the patient's daily life.
Based on the review results, patients with and without POD
and abnormal behavior were compared to identify factors
related to POD. POD and abnormal behavior was defined as
the onset of abnormal speech and behavior during the
postoperative period, that lasted for some time from just after
the operation up to about the 14th postoperative day.

Statistical analysis was performed using SPSS version 16.0
software (SPSS Japan, Tokyo, Japan). The data are expressed
as median values (interquartile range). The Mann-Whitney U
test was used for statistical analysis. Logistic regression
analysis was used to analyze factors associated with POD and
abnormal behavior. A significance level of p<0.05 was set for
each test.

Results
Patient backgrounds are shown in Table 1. Forty-two patients,
15 men and 27 women, with a median age of 81 years and
highest age of 94 years were enrolled. A total of 46 cases were
analyzed, including 2 surgeries each in 4 patients. The dental
diagnoses in these patients were malignant tumor (16 cases),
osteomyelitis of the jaw (10 cases), cyst (8 cases), benign
tumor (9 cases), fracture of the jaw (2 cases), and peri-
implantitis (1 case). The median duration of surgery was 79
min (range: 20-363 min), and no major surgeries, including

reconstruction surgeries, were performed. The comorbidities
were brain and nervous system disorders in 13 cases (cerebral
infarction, 5 cases; dementia, 7 cases; other, 1 case),
respiratory disorders in 4 cases (pulmonary emphysema, 4
cases), cardiovascular disorders in 35 cases (hypertension, 28
cases; ischemic heart disease, 6 cases; other, 1 case), metabolic
disorders in 12 cases (diabetes, 7 cases; dyslipidemia, 7 cases,
and other conditions in 29 cases. Dementia was diagnosed
preoperatively in 6 patients (7 cases).

Table 1. Patient’s characteristics.

Patient 42 patients (46 cases)

Age (y) 81 (77-86)

Sex (male/female) 15/27 patients (17/29 cases)

Height (cm) 154 (148.8-162.3)

Weight (kg) 50.9 (43.8-57.0)

Number of complications (1/2/3/4/5/6) 4/12/11/10/7/2

Preoperative diagnosis of dementia (yes/no) 6/36 patients (7/39 cases)

Number of days in hospital (days) 13.5 (6.3-19.8)

Anesthesia time (min) 155 (110-253.8)

Operation time (min) 79 (58.8-175.3)

Blood loss (mL) 25.5 (5-100)

Urine output (mL) 165 (100-405)

Induction of anesthesia (rapid/slow/awake
intubation) 30/8/8

Maintenance of anesthesia (AOS+R/GOS
+F/AOD+R) 24/16/6

A: Air; G: Nitrous oxide; O: Oxygen; S: Sevoflurane; D: Desflurane; F: Fentanyl;
R: Remifentanil

The data are expressed as median values (interquartile range).

The factors associated with POD and abnormal behavior are
shown in Table 2. There were no significant differences in the
postoperative occurrence of delirium and abnormal behavior in
relation to sex, height, body weight, number of concomitant
diseases, number of days in hospital, surgery duration, blood
loss, urine volume, propofol dose at induction, fentanyl dose at
induction, lowest systolic blood pressure at induction and
during anesthesia, use of vasopressors and antihypertensive
agents, preoperative red blood cell count, hemoglobin level,
and total protein level (Table 2). However, a preoperative
diagnosis of dementia (P<0.001), age (P=0.009) and anesthesia
duration (P=0.048) were significantly associated with the
postoperative occurrence of delirium and abnormal behavior. A
statistically significant difference in propofol dose at induction,
and induction and maintenance techniques were present in
patients with and without POD and abnormal behavior,
although the differences were related to the anesthesiologists’
decisions regarding reduction in the volume of propofol or
choice about slow induction or awake intubation in order to
avoid a decrease in blood pressure. Since these findings were
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not the objectives of this study, they were not considered
significant. Logistic regression analysis was performed with
POD and abnormal behavior as dependent variables, and
preoperative diagnosis of dementia, age and anesthesia

duration as independent variables. Analysis identified ‘having
a diagnosis of dementia before surgery’ as a factor associated
with POD and abnormal behavior (P=0.014, odds ratio: 456.6,
95% confidence interval: 3.48-59997.47) (Table 3).

Table 2. Occurrence of postoperative delirium and abnormal behavior.

Postoperative delirium and abnormal behavior P value

negative (n=40) positive (n=6)

Age (y) 80 (77-85) 87 (85-89) 0.009

Sex (male/female) 15/25 2/4 0.845

Height (cm) 154 (148.3-162) 152 (147.5-167) 0.806

Weight (kg) 51 (46.3-57.0) 40 (37.3-65.7) 0.327

Number of complications (1/2/3/4/5/6) 4/10/10/7/6/2 0/2/1/3/1/0 0.689

Preoperative diagnosis of dementia (yes/no) 2/38 5/1 <0.001

Number of days in hospital (days) 12.5 (5.8-19.3) 15 (5.5-76.3) 0.523

Anesthesia duration (min) 147.5 (109.3-238.8) 290.5 (156.3-367.5) 0.048

Operation duration (min) 74 (56.3-168.3) 181.5 (63.3-263.3) 0.166

Blood loss (mL) 20.5 (5-95) 64.5 (15.8-212.5) 0.325

Urine output (mL) 150 (92.5-370) 235 (175-550) 0.116

Volume of propofol at induction (mg) 60 (50-60) 20 (0-40) 0.027

Volume of fentanyl at induction (µg) 50 (50-100) 75 (47.5-100) 0.786

Induction of anesthesia (rapid/slow/awake intubation) 29/7/4 1/1/4 0.002

Maintenance of anesthesia (AOS+R/GOS+F/AOD+R) 23/13/4 1/3/2 0.043

Minimum SBP at induction (mmHg) 110 (95.8-120) 115 (96.3-146.3) 0.49

Minimum SBP during anesthesia (mmHg) 80 (70-90) 82.5 (80-100) 0.32

Use of pressor agent (yes/no) 30/10 3/3 1

Use of antihypertensive drug (yes/no) 9/31 1/5 1

Preoperative red blood cell (× 104/mm3) 395 (369.5-419.8) 370 (350.8-411.5) 0.267

Preoperative hemoglobin (g/dL) 12.1 (11.6-13.4) 11.6 (11.0-12.6) 0.203

Preoperative total protein (g/dL) 7.2 (6.9-7.4) 7.0 (6.5-7.5) 0.607

A: Air; G: Nitrous oxide; O: Oxygen; S: Sevoflurane; D: Desflurane; F: Fentanyl; R: Remifentanil; SBP: Systolic Blood Pressure

The data are expressed as median values (interquartile range).

Table 3. Logistic regression analysis.

 P value Odds ratio 95% CI

Preoperative diagnosis of
dementia 0.014 456.6 3.48-59997.47

Age 0.063 1.544 0.977-2.439

Anesthesia duration 0.903 1.001 0.990-1.011

Patients with POD and abnormal behavior are listed in Table 4.
Dementia was diagnosed before surgery in Cases 1, 2, 3, 5, 6,
and 7 (6 patients, 7 cases). Case 4 was not diagnosed with
dementia before surgery, but from postoperative day 7 until

discharge on day 16, the patient was unable to remember his
doctor's name or the fact that he had undergone surgery, and
continued pressing the nurse’s call button and saying
repeatedly “I'm going home, I’m going home”. Cases 2, 3, and
6 exhibited cardinal symptoms of dementia from before
surgery, and removed their gastric tubes several hours after
surgery. Case 3 wandered outside the hospital on postoperative
day one. Overall, the behavioral symptoms occurred from a
few hours after surgery until the day after surgery in four of
these cases; two of them had behavioral symptoms for longer
durations.
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Discussion
Our survey of POD and abnormal behavior in elderly patients
aged 75 years and above found that these complications were
more common in patients with a preoperative diagnosis of
dementia, higher age and in patients with a long duration of
anesthesia. Preoperative diagnosis of dementia, in particular,
was a factor strongly linked to POD and abnormal behavior.
The proportion of elderly people in Japan is increasing, with
16.46 million people aged 75 years and over in 2015,

accounting for 13.0% of the total population [19]. Our
department has extensive experience in the perioperative
management, including general anesthesia management, of
elderly patients, and we consider cautious perioperative
management to be essential, given the physiological changes
and multiple comorbidities associated with aging. POD and
POCD have become growing problems in recent years, and
there appear to be many contributing factors [1-3].

Table 4. Case presentation with pre- and postoperative cognitive impairment.

Cas
e Sex Age

(yr)

Preop.
diag. of
dementia

ADL
AS
A-
PS

OP
time
(min)

Anest
h time
(min)

Induction (drugs) Mainte
nance

Bloo
d
loss
(mL)

Urine
outp
ut
(mL)

Complication
during anesth.
(treatment)

Day of postoperative
delirium and
abnormal behavior
and contents

1 M 77 frontotemp
oral (mild)

walk
by
himself

2 37 92 Rapid (P 70 mg+F 50 µg) GOS+F 10 0 BP decrease
(ephedrine) none

2 F 89 Alzheimer
(severe)

wheel
chair 2 135 250 Awake intubation (M 1 mg+F

50 µg) GOS+F 70 100 BP decrease
(ephedrine)

0, 2, 5 POD: removal of
GT cardinal symptoms
(severe)*

3 F 86 Dementia
(severe) roam 2 70 170

Awake intubation (M 1 mg+F
50 µg) (MAC GRATH was
used because of difficult
intubation)

GOS+F 20 550
BP decrease
(nicardipine)
PVC

2 h after OP: removal of
GT 1 POD: roaming
cardinal symptoms
(severe)*

4 M 88 none
walk
by
himself

2 220 331 Awake intubation (M 1 mg+F
100 µg) AOS+R 59 550 BP decrease

(ephedrine)

7-16 POD: disturbance
of orientation and
memory

5 M 89 Alzheimer
(mild)

walk
by
himself

2 43 115 Awake intubation (M 2 mg+F
100 µg) GOS+F 3 250 None 0-3 h after OP:

excitement

6.1 F 85 Dementia
(moderate)

wheel
chair 2 363 455 Rapid (P 40 mg+F 50 µg) AOD+R 430 220 BP decrease

(ephedrine)

9 h after OP-1 POD:
removal of GT cardinal
symptoms (moderate)*

6.2 F 85 Dementia
(moderate)

wheel
chair 2 230 335 Slow (OS+F 50 µg) AOD+R 140 200 PAC Cardinal symptoms

(moderate)*

7 M 80 Dementia
(mild)

walk
by
himself

2 465 620 Slow (OS+F 200 µg) AOS+R 200 100 None None

*The patient demonstrated as the same level of core symptoms as preoperatively. P: Propofol; F: Fentanyl; M: Midazolam; G: Nitrous Oxide; O: Oxygen; S: Sevoflurane;
R: Remifentanil; PAC: Premature Atrial Contraction; PVC: Premature Ventricular Contraction; OP: Operation; POD: Postoperative Day; GT: Gastric Tube; h: Hours

Table 5 compares POD and POCD. POD is a psychiatric
syndrome that has an acute onset, causes disturbances of
consciousness, attention, perception and cognitive function,
and shows diurnal variation. It occurs in 9% of non-cardiac
surgery patients and 44% of patients admitted to the ICU after
surgery, and is associated with increased postoperative
mortality and incidence of complications, longer hospital stays,
increased medical costs, and delayed recovery of function
[1,2,20]. POD is categorized as hyperactive, hypoactive, and
mixed types, and can be caused by neurotransmitter
abnormalities, systemic inflammatory responses (elevated
serum interleukin-6 (IL-6) and IL-8) spreading to the brain,
stress responses (elevated serum cortisol), sleep disturbances,
drugs, dehydration, and abnormal electrolyte and glucose
levels [21].

POCD involves postoperative higher brain dysfunction
encompassing impairment of memory, attention, and executive
function, and can persist from a few weeks to a few months
after surgery [1,2,20]. After non-cardiac surgery, POCD is seen
in elderly patients aged 60 years and over at a rate of 25.8%
after one week, and 9.9% after 3 months, but in patients aged
59 years and below, the respective rates are only 3.4% and
2.8% [4]. Even after minor surgery, POCD is seen in 6.8% of
patients after one week, and in elderly patients aged 75 years
and above the incidence is higher for inpatient surgery (18%)
than outpatient surgery (0%), with a similar trend seen after 3
months [22]. The incidence of POCD is, thus, higher in elderly
patients than younger patients, even higher in elderly patients
admitted to the hospital, and higher still after major invasive
surgery. Patients with POCD one week after surgery have
difficulty working, and those with POCD after 3 months have

Kinugawa/Morimoto/Hayashi/Takagi/Iida

230 Biomed Res 2018 Volume 29 Issue 2



higher mortality [4]. As with POD, the cause is thought to be a
systemic inflammatory response (elevated serum IL-6, high
mobility group box 1 (HMGB1), IL-1β, or tumor necrosis
factor α (TNFα)) spreading to the brain [21]. Although many
risk factors have been reported for both complications, the
factors that matched our study observations were patients with
cognitive impairment before surgery and a long duration of
anesthesia or surgery [2,4,5]. In none of the other patients,
surgery, or anesthesia-related factors were associated with the
occurrence of POD and POCD.

Table 5. The feature of POD and POCD.

 POD POCD

Onset of symptoms from several hours to
several days

from several weeks to
several months

Critical form of onset acute subtle

Duration of symptoms from several days to several
weeks

from several weeks to
several months

Attention impaired impaired

Consciousness altered normal

Reversibility usually usually, but can be long
lasting

POD: Postoperative Delirium; POCD: Postoperative Cognitive Dysfunction.
(Note: adapted from reference 2 with modification)

With regard to the relationship between Alzheimer's disease
and anesthetic agents, in vivo studies using mice and rats have
shown that exposure to volatile anesthetic agents produced
more severe pathological changes of Alzheimer's disease
(increased deposits of amyloid β-protein, enhanced
phosphorylation of tau protein, nerve cell death, etc.) [6,7],
whereas in vitro studies using cultured nerve cells found that
the intravenous anesthetic agents propofol and thiopental did
not worsen the pathological changes [8]. In clinical practice,
there are no differences in the incidence of POD and POCD
between surgery under general anesthesia and under local
anesthesia [9,10], anesthesia with a volatile anesthetic (xenon)
and anesthesia with propofol [11], and anesthesia with the
volatile anesthetics sevoflurane and desflurane [12]. On the
other hand, recovery of postoperative cognitive function is
faster following desflurane than sevoflurane anesthesia [23].
Also, there are significantly more cases of POCD with
isoflurane than with desflurane [13]. There has been a mix of
contradictory reports on the effects of anesthetics on POD and
POCD, including basic research, but no consistent trends can
be seen. Our study similarly found no significant differences in
terms of the techniques used for anesthesia induction and
maintenance.

Several reports suggested some risk factors for POD in patients
undergoing major head and neck cancer surgery, with older
age, male gender, history of psychiatric disorders, American
Society of Anesthesiologists physical status grade III and
above, longer duration of surgery (>9-10 h), intraoperative
massive hemorrhage with blood transfusions, flap

reconstruction and neck dissection, and duration of ICU
stay being identified as significant risk factors [14-17]. Some
of these factors (preoperative diagnosis of dementia, higher age
and long duration of anesthesia) are similar to our results,
indicating that they may also be risk factors for POD in
patients undergoing non-major oral and maxillofacial surgery.

The results of this study are consistent with reports that
cerebral dysfunction, including known cognitive impairment,
in non-ICU patients is a risk factor for delirium [1,5].
However, there were no associations between POD/POCD and
general risk factors, such as hypoxemia, decreased cerebral
perfusion due to decreased blood pressure, and anesthesia
methods related to these events. One study reported that POCD
can be reduced by preventing decreases in cerebral blood flow
by managing blood pressure, appropriate maintenance of blood
oxygen and partial pressure of carbon dioxide, and appropriate
maintenance of anesthesia depth (BIS 40-60) [24]. Another
study reported that by maintaining BIS at 40-60, the volume of
anesthetic used during surgery was reduced and the incidence
of POCD 3 months after surgery was lower, suggesting that
POCD could be inhibited by controlling the amounts of general
anesthetics used [25]. In our study, there was no statistically
significant difference in the occurrence of POD in terms of
anesthetic dose, since this was determined by the
anesthesiologists’ attempts to avoid a decrease in blood
pressure during anesthesia induction and maintenance by using
slow induction or awake intubation, or by using a lower
volume of anesthetics. It is, therefore, important that these
factors are taken into account in anesthesia management. In
Case 4, who was not diagnosed with dementia before surgery
and displayed cognitive impairment from postoperative day 7,
the change in environment entailed by the hospital stay was the
most likely cause of cognitive impairment, rather than the
surgery or anesthesia.

Since this was a retrospective study based on medical and
nursing records, a limitation of this study was that although the
abnormal behavior and impairment of memory and orientation
seen in POD could be captured by the survey, impaired
judgment and problem-solving ability seen in POCD patients
could not. As a result, this study did not fully evaluate
postoperative cognitive impairment and may not have been
able to adequately detect patients with POCD. Preoperative
mild cognitive impairment is also a risk factor for POD and
POCD [26]. Therefore, for patients with mild to moderate
dementia before surgery in particular, there is a need for a
larger-scale, prospective registry study using the Mini-Mental
State Examination to evaluate patients before and after surgery.

Conclusion
We conducted a retrospective survey of general anesthesia and
postoperative management in elderly patients aged 75 years
and above undergoing non-major oral and maxillofacial
surgery, to identify the factors associated with POD and
abnormal behavior. We found that these complications were
more common in patients with a preoperative diagnosis of
dementia higher age and in patients with a longer duration of
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anesthesia. Preoperative diagnosis of dementia, in particular,
was a factor strongly linked to POD and abnormal behavior.
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