@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

MOLECULAR AND CLINICAL ONCOLOGY 14: 60, 2021

Postoperative delirium in patients undergoing tumor
resection with reconstructive surgery for oral cancer

NOZOMU TAKAHASHI'!, AKIMITSU HIRAKI?>, KENTA KAWAHARA', MASASHI NAGATA', RYOJI YOSHIDA',
YUICHIRO MATSUOKA', TAKUYA TANAKA', YUKO OBAYASHI?, JUNKI SAKATA', HIKARU NAKASHIMA !,
HIDETAKA ARITA', MASANORI SHINOHARA® and HIDEKI NAKAYAMA'

1Dospartment of Oral and Maxillofacial Surgery, Faculty of Life Sciences, Kumamoto University, Kumamoto 860-8556;

2Section of Oral Oncology, Department of Oral and Maxillofacial Surgery, Fukuoka Dental College,
Fukuoka 814-0193; 3Itoh Dento-Maxillofacial Hospital, Kumamoto 860-0851, Japan

Received May 22, 2020; Accepted September 25, 2020

DOI: 10.3892/mc0.2021.2222

Abstract. Many attempts have been made to identify the risk
factors for postoperative delirium, but this has proved diffi-
cult due to its complex morbidity. Furthermore, there is little
information on postoperative delirium in patients undergoing
tumor resection and reconstructive surgery for oral cancer.
The aim of the current study was to investigate the incidence
of and risk factors for postoperative delirium in patients
undergoing resection and reconstructive surgery for oral
cancer. The present study included 104 patients with pedicle
or free flap reconstruction. Postoperative delirium developed
in 22 (21.2%) of these patients. The mean time to onset of
postoperative delirium was 2.5+1.0 days and the duration of
delirium was 1.9+1.2 days. Univariate analysis demonstrated
that the occurrence of postoperative delirium was signifi-
cantly correlated with operating time (P=0.033), duration of
anesthesia (P=0.039), amount of blood loss (P=0.027), method
of reconstruction (P=0.008), type of flap used (P=0.009) and
time until postoperative ambulation (P=0.0008). Low postop-
erative red blood cell count (P=0.004), hemoglobin (P=0.004)
and hematocrit (P=0.004) were significantly associated with
delirium, but preoperative blood test results were not. The
multiple logistic regression analysis of these risk factors
revealed that the only significant correlation that remained was
between postoperative delirium and the time to ambulation
after surgery (P=0.005). Since 2009, the Department of Oral
and Maxillofacial Surgery, Kumamoto University Hospital
has promoted ambulation after the first two postoperative days
for patients with oral cancer undergoing tumor resection with
reconstruction, and the occurrence of postoperative delirium
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has decreased from 29.2 to 14.0%. The results of the current
study suggest that early postoperative ambulation in patients
who undergo reconstructive surgery for oral cancer is effective
for preventing postoperative delirium.

Introduction

The oral cavity is important for pronunciation, swallowing,
and digestion, and its function is essential for daily living.
Advanced oral cancer entails a substantial loss of tissue after
resection, which often leads to decreased quality of life post-
operatively; therefore, reconstruction after tumor resection is
important for quality of life in these patients. However, tumor
resection and reconstructive surgery requires comparatively
long operating and anesthesia times, which can lead to
pneumonia, deep vein thrombosis, pressure areas, and post-
operative delirium associated with prolonged bed rest. These
complications can impede medical treatment and postopera-
tive recovery (1,2). Postoperative delirium is a common and
serious surgical complication that is defined as a change in
mental status caused by a physical problem associated with
surgery. Postoperative delirium is characterized by impaired
consciousness, including a reduced ability to focus atten-
tion, changes in cognitive function, altered perception, and
disturbed sleep-wake cycles. In addition, it has an acute onset
and a fluctuating course (3).

Delirium is classified into three motor subtypes:
Hyperactive/agitated (e.g. self-removal of intravenous line
or gastric tube, rampage without self-control), hypoactive/
somnolent (e.g. disorientation, hallucination), and mixed; the
mixed type fluctuates between the hyperactive and hypoactive
types during the course of the illness (3,4). Most patients with
postoperative delirium recover rapidly; however, the condition
is associated with increased morbidity, a prolonged hospital
stay, higher economic costs, and increased mortality (3,5-8).

Many researchers have sought to clarify the risk factors for
postoperative delirium but the specific features and risk factors
are difficult to identify because of its complex morbidity (9-11).
There are few reports on postoperative delirium in patients
undergoing tumor resection and reconstructive surgery for
oral cancer. Thus, the aim of this study was to identify the
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clinical risk factors associated with postoperative delirium
in patients undergoing tumor resection and reconstructive
surgery for oral cancer.

Materials and methods

Patients and methods. This study had a non-randomized, retro-
spective cohort design and the data analyzed were collected
from medical records. One hundred and four patients who had
undergone tumor resection with reconstructive surgery for oral
cancer in the Department of Oral and Maxillofacial Surgery,
Kumamoto University Hospital, between January 2005 and
December 2012 were enrolled. All patients underwent surgery
by the same operator. The study population comprised 72 men
and 32 women of mean age 63.0 (range 17-84) years. The
primary tumor sites were the tongue in 38 patients, the lower
gingiva in 38, the floor of the mouth in 13, the buccal mucosa
in 9, and the upper gingiva in 6. One patient had a history of
depression and eight had insomnia. Delirium was diagnosed
by a psychiatrist according to the criteria outlined in the Text
Revision of the Diagnostic and Statistical Manual of Mental
Disorders, 4th edition. If it appeared that a patient had a mental
disturbance, the psychiatrists were consulted to determine if
there was a need for psychotropic medication, and the patient
was diagnosed with delirium by the psychiatrist. The patients
were not all diagnosed by the same psychiatrist. Recovery
from delirium were retrospectively determined with reference
to the medical records. The day of recovery from delirium was
defined as either the time at which the symptoms of suspected
delirium disappeared, or the patient discontinued drug therapy
for delirium. All patients received fentanyl citrate 0.3 ug/kg/h
during the first 24 h postoperatively for pain relief, and only
non-steroidal anti-inflammatory drugs or acetaminophen were
used depending on the patient's pain level thereafter. None of
the patients required mechanical ventilation. Thirteen patients
were returned to a general ward after a 2-7-day stay in the
high dependency unit but none entered the intensive care unit.
Insomnia was treated with either etizolam or hydroxyzine, but
major and minor tranquilizers were not used routinely. The
study protocol was approved by the institutional review board
of Kumamoto University (RINRI no. 1928) and conducted in
accordance with the Declaration of Helsinki. The requirement
for informed consent was waived due to the retrospective
design of the study. However, patients were given the opportu-
nity to decline participation via an opt-out route.

Variables investigated. We analyzed the following variables:
Preoperative factors, including age, sex, TNM classification,
stage classification, histologic type, smoking status, and alcohol
consumption in the 3 months prior to surgery; intraoperative
factors, including operating and anesthesia times, amount of
blood loss, blood transfusion requirements, presence of trache-
otomy, method of reconstruction (free vs. pedicle flap), and
type of flap used; postoperative ambulation; and flap engraft-
ment. At our institution, until 2009, patients undergoing tumor
resection with reconstructive surgery for oral cancer were kept
on complete bed rest for a week after surgery; thereafter, we
encouraged ambulation after the first two postoperative days.
For this study, we divided the patients according to whether
they were treated before (n=48, non-early ambulation group)

or after (n=56, early ambulation group) the cut-off of 2009.
Preoperative blood tests, including hematology and biochem-
istry, were performed within 7 days of surgery. Postoperative
blood tests were performed on the day after surgery. Data for
all of these parameters are listed in Tables I-V.

Statisticalanalysis. All statistical analyses were performed using
JMPO9 software (SAS Institute, Inc.). The Mann-Whitney U test
was used to compare continuous variables and Fisher's exact
test was used to compare categorical variables. Variables that
achieved significance in the univariate analysis were entered
into a multivariate analysis to estimate the risk of postopera-
tive delirium. Multiple logistic regression analysis was used to
adjust for multiple risk factors and interactions. P-values less
than 0.05 were considered statistically significant.

Results

Incidence of postoperative delirium. The 22 patients (21.2%)
who developed postoperative delirium comprised 16 men and
6 women of mean age 66+11.0 (range 38-82) years. The time
to onset of postoperative delirium ranged from 1 to 5 days after
surgery, with a mean onset at 2.5+1.0 days (median 2 days).
The mean duration of delirium was 1.9+1.2 days. Ten patients
developed hyperactive/agitated delirium, six developed hypoac-
tive/somnolent delirium, and six developed mixed-type delirium.
There were instances in which patients with hyperactive or
mixed-type delirium removing their nasogastric tube (eight
cases), intravenous line (five cases), or drainage tube (one case).
Some of the patients with hypoactive or mixed-type delirium
experienced hallucinations (seven cases) and disorientation (nine
cases). Delirium occurred in three patients with a history of
insomnia, but not in any of those with a history of depression.

Risk factors in univariate analyses. The results of univariate
analyses seeking to identify significant associations between
demographic and clinical factors and occurrence of post-
operative delirium are shown in Tables I-III. There was no
significant correlation between the occurrence of postoperative
delirium and any of the preoperative risk factors. There were
significant associations between the occurrence of postop-
erative delirium and certain intraoperative factors, including
operating time (P=0.033), duration of anesthesia (P=0.039),
blood loss (P=0.027), method of reconstruction (P=0.008),
and type of flap used (P=0.009). Significantly more patients
who underwent free flap reconstruction developed symptoms
of postoperative delirium than those who underwent pedicle
flap reconstruction (30.9% [17/55] vs. 10.2% [5/49]; P=0.008).
The highest incidence of postoperative delirium occurred
in patients who underwent forearm flap (37.5%) or scapular
osteocutaneous flap (33.3%) reconstruction; in contrast, none
of the patients who underwent cervical island myocutaneous
flap or deltopectoral flap reconstruction experienced postoper-
ative delirium. Although there was no statistically significant
difference, the delirium incidence rate was clearly reduced
in the early ambulation group compared with the non-early
ambulation group (14.0% [8/56] vs. 29.2% [14/48]; P=0.053).
The time to ambulation after surgery in the non-early ambula-
tion group and early ambulation group was 4.6 and 3.1 days,
respectively. Univariate analyses revealed a significant
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Table I. Preoperative factors and incidence of postoperative delirium.

Preoperative factor Case Delirium (n=22), n (%) No delirium (n=82), n (%) P-value
Age
Mean = standard deviation 66.0+11.0 62.0+13.0 0.23
Sex 045
Male 72 16 (72.7) 56 (68.3)
Female 32 6 (27.3) 26 (31.7)
T classification® 0.90
T1 0 0 (0) 0 (0)
T2 18 3(17.6) 15(22.4)
T3 25 5(294) 20 (29.9)
T4 41 9(52.9) 32 (47.8)
N classification® 0.54
NO 14 3(17.6) 11 (16.4)
N1 15 1(5.9) 14 (20.9)
N2b 43 10 (58.8) 33 (49.3)
N2c 12 3(17.6) 9(134)
M classification® Not done
MO 84 0
Staging classification® 0.67
Stage | 0 0
Stage 11 3 0 (0) 34.5)
Stage 111 13 3(17.6) 11 (16.4)
Stage IV 68 14 (82.4) 53 (79.1)
Histologic type 0.57
Squamous cell carcinoma 96 21 (95.5) 76 (89.4)
Adenoid cystic carcinoma 4 14.5) 3(@3.5)
Sarcoma 4 0 (0) 4.4.7)
Smoking status 047
Smoker 35 8(364) 27 (32.5)
Non-smoker 69 14 (63.6) 55 (67.5)
Alcohol consumption 0.14
Drinker 53 14 (63.6) 39 (47.6)
Non-drinker 51 8(364) 43 (52.4)

“Recurrences excluded. T, tumor; N, node; M, metastasis.

correlation between the incidence of postoperative delirium
and the time to postoperative ambulation (P=0.0008).

Analysis of laboratory data. The laboratory data are summa-
rized in Tables IV and V. There were no significant differences
in the laboratory parameters preoperatively (Table IV), but
significant correlations were found between the occurrence
of postoperative delirium and red blood cell count (P=0.004),
hemoglobin (P=0.004), and hematocrit (P=0.004) postopera-
tively. There was no significant correlation between any of the
other laboratory parameters postoperatively and the occur-
rence of postoperative delirium (Table V).

Risk factors in multivariate analyses. Variables identi-
fied to have a significant correlation with the incidence of

postoperative delirium in univariate analyses were then tested
in a multivariate analysis. A significant correlation was found
between the occurrence of postoperative delirium and the time
to ambulation after surgery (P=0.005; Table VI). There was no
significant correlation between the occurrence of postoperative
delirium and any of the other risk factors.

Treatments for postoperative delirium. Seventeen of the
22 patients diagnosed to have postoperative delirium
received medication as their initial treatment. Five patients
received haloperidol (5 mg, intramuscularly), four received
hydroxyzine (25 mg, intravenously), three received etizolam
(0.5 mg, orally), five received haloperidol (5 mg, intramus-
cularly) plus hydroxyzine (25 mg, intravenously) and five
received only strict follow-up. Only two patients required
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Table II. Intraoperative factors and incidence of postoperative delirium.

Delirium (n=22)

Non-delirium (n=82)

Intraoperative factor Case n (%) n (%) P-value

Operating time (min) 0.033
Mean + SD 654+167 576x161

Anesthesia time (min) 0.039
Mean + SD 772+149 699+159

Blood loss (ml) 0.027
Mean + SD 608+256 492+331

Blood transfusion 0.490
Received 40 9(22.5) 31(77.5)
Not received 64 13 (20.3) 51 (79.7)

Tracheotomy 0510
Received 54 11 (20.4) 43 (79.6)
Not received 50 11 (22.0) 39 (78.0)

Method of reconstruction 0.008
Free flap 55 17 (30.9) 38 (69.1)
Pedicle flap 49 5(10.2) 44 (89.8)

Type of flap 0.009
Forearm flap 24 9 (37.5) 15 (62.5)
Scapular osteocutaneous flap 9 3(33.3) 6 (66.7)
Rectus abdominis musculocutaneous flap 22 522.7) 17 (81.8)
Latissimus dorsi flap 30 4(13.3) 26 (86.7)
Pectoralis major myocutaneous flap 13 1.(7.7) 12 (92.3)
Cervical island myocutaneous flap 4 0(0) 4 (100.0)
Deltopectoral flap 2 0 (0) 2 (100.0)

SD, standard deviation.

Table III. Postoperative factors and incidence of postoperative delirium.

Postoperative factor Case Duration of ambulation Delirium (n=22) Non-delirium (n=82)  P-value

Postoperative ambulation (days)
Mean =+ standard deviation 104 3.7+1.8 5.1+£20 34x1.6 <0.001
Non-early ambulation group 48 4.6x19 14 34 0.053
Early ambulation group 56 3.1+1.3 8 48

Flap engraftment, n (%) 0.290
Engraftment 95 19 (86.4) 76 (92.7)
Necrosis 9 3(13.6) 6(7.3)

SD, standard deviation.

physical restraint. The five patients who received only strict
follow-up recovered gradually from delirium. The patients
who required physical restraint showed extreme agitation
and communication difficulties. The four remaining patients
did not recover from their delirium promptly; however, three
eventually recovered after receiving additional medications,
including haloperidol (5 mg, intramuscularly); and one
recovered after receiving levomepromazine (15 mg, orally)
and diazepam (5 mg, orally).

Discussion

Postoperative delirium often leads to pneumonia, deep vein
thrombosis, and pressure areas that impede medical treatment
and postoperative recovery. The risk of postoperative delirium
depends on the type of surgery (12). The rates reported for
major surgical procedures are comparatively high at 21-60%
for those undergoing hip fracture surgery (13) and 30-73% for
those undergoing open heart surgery (3,8,14-17). Postoperative
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Table IV. Preoperative laboratory data.
Laboratory data Delirium (mean + SD) Non-delirium (mean + SD) P-value
White blood cell count (10*/ul) 4.65x1.28 5.10+1.84 0471
Red blood cell count (10%/ul1) 3.65+0.52 3.92+0.55 0.052
Hemoglobin (g/dl) 11.50+1.48 12.29+1.71 0.092
Hematocrit (%) 34.63+3.80 36.94+4 .84 0.056
Sodium (mEq/1) 139.27+2.30 139.63+3.11 0.181
Potassium (mEq/1) 4.38+0.39 4.31+0.40 0.642
Chlorine (mEq/1) 105.0+£3.55 104.78+2.77 0.711
Total protein (g/dl) 6.88+0.61 6.67+0.55 0.192
Albumin (g/dl) 3.85+0.39 391047 0511
Blood urea nitrogen (mg/dl) 15.23+421 13.52+4.13 0.096
Creatinine (mg/dl) 0.75+0.20 0.72+0.16 0.937
Total bilirubin (mg/dl) 0.69+0.27 0.64+0.29 0433
Aspartate aminotransferase (IU/1) 22.32+9.60 21.71x£11.91 0.625
Alanine aminotransferase (IU/1) 22.36+17.68 18.73+10.99 0.369
SD, standard deviation.
Table V. Postoperative laboratory data.
Laboratory data Delirium (mean + SD) Non-delirium (mean + SD) P-value
White blood cell count (10%/ul) 12.05+3.90 11.72+3.86 0.759
Red blood cell count (10%/ul) 3.09+0.34 3.40+0.44 0.004
Hemoglobin (g/dl) 9.70+1.06 10.67+1.32 0.004
Hematocrit (%) 29.02+2.83 31.75+£3.84 0.004
Sodium (mEq/1) 137.91£2.78 138.05+£3.08 0.750
Potassium (mEq/1) 3.85+0.31 3.92+0.34 0.281
Chlorine (mEq/1) 105.2+3.13 105.21+£3.21 0.688
Total protein (g/dl) 4.90+0.59 5.07+0.51 0.120
Albumin (g/dl) 2.81+0.39 2.96+0.39 0.129
Blood urea nitrogen (mg/dl) 12.18+2.74 11.84+3.59 0.466
Creatinine (mg/dl) 0.68+0.16 0.65+015 0.559
Total bilirubin (mg/dl) 0.91+0.35 0.96+0.41 0.614
Aspartate aminotransferase (IU/1) 27.45+8.49 25.88+9.10 0.312
Alanine aminotransferase (IU/I) 15.32+9 .46 14.17£6.22 0.944

SD, standard deviation.

delirium has been reported to occur in 15-33.3% of patients
undergoing surgery for oral cancer (18-21). Makiguchi et al
reported the incidence of postoperative delirium to be 33.3% in
patients undergoing free flap reconstruction for oral cancer (21).
In the present study, 21.2% of patients underwent reconstruc-
tive surgery for oral cancer, which is a slightly lower proportion
than in previous studies (21). The reason for this is that our
study included not only patients undergoing free flap surgery
but also those in whom a pedicle flap was used; of note, there
was a significant difference in the incidence of postoperative
delirium between these two groups of patients (10.2 vs. 30.9%,
P=0.008).

We investigated the preoperative, intraoperative, and
postoperative factors associated with the occurrence of post-
operative delirium. There is some evidence indicating that
older age, male sex, and tobacco and alcohol consumption
are risk factors for postoperative delirium (7,22-24). Kuo et al
showed that the flap survival rate decreased significantly in
1,364 patients with alcohol-induced psychiatric disorders who
had undergone microsurgical tissue transfer after resection of
head and neck cancer. They concluded that treatment requires
a multidisciplinary approach and intensive medical care (25).
In our study, there were no significant correlations between
any of the above-mentioned risk factors and postoperative
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Table VI. Multiple analyses of clinical factors for postoperative delirium.

95% CI
Factor Odds ratio Lower Upper P-value
Operating time 0.995763819 0.980508483 1.010068605 0.565
Anesthesia time 1.002825715 0.987937462 1.019166308 0.716
Blood loss 1.000671161 0.998370621 1.003225717 0.577
Method of reconstruction 3.513929237 0.96294838 15.84227166 0.057
Postoperative ambulation 0.556898667 0.34378401 0.845526695 0.005
Red blood cell count 3.517797785 0.215899261 58.37353116 0.380
Hemoglobin 1.505387938 0.273554244 8.796271166 0.639
Hematocrit 0.980221207 0.515291584 1.873642604 0.951

CI, confidence interval.

delirium in the univariate analysis, which is consistent with
some earlier reports (16,20).

The univariate analysis of intraoperative and postoperative
risk factors revealed a significant correlation between post-
operative delirium and operating time (P=0.033), duration of
anesthesia (P=0.039), amount of blood loss (P=0.027), method
of reconstruction (P=0.008), type of flap used (P=0.009),
and time to ambulation after surgery (P=0.0008); however,
there was no significant correlation with blood transfusion,
tracheotomy, or flap engraftment. Yamagata et al performed
multivariate analyses and found that the risk increased signifi-
cantly when the operating time was longer than 10 h (18).
Our results are similar to those of earlier studies showing
that longer operating and anesthesia times increase the risk
of postoperative delirium. In this study, we found a signifi-
cantly higher incidence of postoperative delirium in patients
undergoing free flap reconstruction (30.9%) than in those
undergoing pedicle flap reconstruction (10.0%); the highest
rate was in patients undergoing forearm flap (37.5%) or scap-
ular osteocutaneous flap (33.3%) reconstruction. Unlike other
types of flap reconstruction, a forearm flap procedure involves
multiple surgical sites, including the site on the forearm from
which the skin is harvested for the graft, so patient mobility
is restricted postoperatively. The longest operating and anes-
thesia times in our study were for scapular osteocutaneous flap
reconstruction. In general, compared with patients undergoing
a pedicle flap reconstruction, those undergoing free flap recon-
struction tended to require prolonged bed rest to protect the
anastomosed vessels. This might explain why postoperative
delirium was so common in patients who underwent forearm
flap and scapular osteocutaneous flap reconstruction, and may
also explain why postoperative delirium occurs more often
in patients undergoing free flap reconstruction than in those
undergoing pedicle flap reconstruction.

Since 2009, our department has promoted ambulation on the
second postoperative day for patients with oral cancer under-
going tumor resection with reconstruction. The mean number of
days until postoperative ambulation has decreased from 4.6 to
3.1 days, and as a result, the occurrence of postoperative delirium
has decreased from 29.2 to 14.0%. Moreover, multivariate logistic
regression analysis in our study showed a significant correlation

between early postoperative ambulation and a decreased risk of
postoperative delirium. Early postoperative ambulation may be
the reason our incidence of postoperative delirium is lower than
that reported by Makiguchi et al (21). It is noteworthy that the rate
of postoperative delirium in our non-early ambulation group was
similar to that reported previously (21). In the past, bed rest after
reconstructive surgery for oral cancer was considered important;
however, recent reports have indicated that admission to the ICU
after reconstructive surgery for head and neck cancer does not
contribute to flap survival (26). In support of this, the promotion
of early ambulation did not affect the flap survival in this study.
Postoperative delirium has a temporal and etiologic relation-
ship with surgery and usually develops between postoperative
days 2 and 7 (27). Consistent with previous reports (3,6,20), our
results showed that the mean onset of postoperative delirium was
2.5+1.0 days after surgery, and it developed in less than 3 days in
86.4% of cases. Therefore, promoting early postoperative ambu-
lation is critical for the prevention postoperative delirium. There
have been several recent reports on the benefits of early postoper-
ative ambulation across a number of surgical disciplines (28-32).
These benefits include a reduced risk of respiratory complica-
tions, improved circulation, prevention of deep vein thrombosis
and pulmonary embolism, and improved psychologic well-being.
Consequently, early postoperative ambulation decreases the
perioperative complications and contributes to a reduction in
medical costs (4).

We found a close association between certain hematologic
parameters and the risk of postoperative delirium. Patients
with postoperative delirium had more hemorrhage than
those without delirium, and as a result, postoperative blood
tests revealed a decrease in hemoglobin, red blood cells, and
hematocrit. Previous reports have similarly shown a relation-
ship between decreased red blood cell count, hemoglobin, and
hematocrit values as a result of blood loss and increased risk
of postoperative delirium (18-20,23-25). Blood loss during
surgery decreases the oxygen supply to the brain, which
causes cerebral ischemia. There has been a suggestion that a
decreased oxygen supply plays an important role in certain
types of mental illness (33). However, the relationship between
hematologic parameters and the risk of postoperative delirium
remains controversial.
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Our study has some limitations. First, it was retrospective
in nature, so we cannot exclude the possibility of confounding
factors. Second, the sample size was small. Third, it was not
possible to compare the results of our study with those of
others because there have been few previous reports specifi-
cally focusing on the risk of postoperative delirium, or other
postoperative complications such as aspiration pneumonia and
deep vein thrombosis, in patients undergoing tumor resection
with reconstruction for oral cancer. Prospective multicenter
randomized investigations in larger numbers of patients with
longer follow-up durations are required to confirm our results.
Fourth, this study did not examine in detail the benefits of
early postoperative ambulation other than preventing delirium.
The length of hospital stay varied depending on the presence
or absence of postoperative treatment, such as chemotherapy
and/or radiotherapy. Moreover, because the discharge criteria
for swallowing, pronunciation, and neck and upper limb
rehabilitation were not clear, we did not examine the length
of hospital stay. Fifth, the study examined the patients' history
of mental disorders, but not of other systematic diseases such
as hypertension, diabetes, or obesity. Further, we were unable
to finish the character analysis and psychoanalysis of every
patient before surgery. We would like to examine these points
in our future research.

This study is an early attempt to identify clinical risk
factors for postoperative delirium in patients who have under-
gone tumor resection and reconstruction for oral cancer. Our
findings indicate that delayed postoperative ambulation is a
significant risk factor for postoperative delirium. We advocate
the promotion of early postoperative ambulation because it
enhances recovery and prevents a number of postoperative
complications.
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