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INTRODUCTION

Prevention of delirium and appropriate treatment after its 
onset are crucial because, in addition to the effects of the 
primary disease, delirium is a factor in the worsening of a 
patient’s life expectancy. As summarized by the diagnostic 
criteria of the Diagnostic and Statistical Manual of Mental 
Disorders Fifth Edition (DSM-5),1) delirium is an acutely fluc-
tuating disturbance of consciousness and cognitive function 

that is induced by physical illness and intoxication. Prolonged 
duration of delirium in patients admitted to the intensive 
care unit (ICU) increases the risk of death.2) Furthermore, as 
the duration of delirium increases, there are increased risks 
of long-term cognitive dysfunction3) and long-term decline 
in activities of daily living.4) In addition to infection, acute 
metabolic abnormalities, drug side effects, and cardiovascu-
lar disease, other factors known to induce delirium include 
environmental factors, sleep disturbance, exercise, pain, and 
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Objectives: Occupational therapy (OT) studies of delirium have attempted to test the effectiveness 
of interventions to reduce the incidence and duration of delirium. Although some cognitive stimu-
lation appears to be important, appropriate approaches to delirium characterized by cognitive 
dysfunction remain unclear. This study aimed to determine the incidence and duration of delirium 
in postoperative cardiovascular surgery patients at the initial time of OT to identify characteristics 
of patient demographics and cognitive function according to the presence or absence of delirium. 
Methods: This retrospective study included patients judged to have delirium by the Confusion 
Assessment Method at the first postoperative OT session (after extubation) in the intensive care 
unit (ICU). Patient data included age, sex, days until extubation, type of hospitalization, outcome 
at discharge, Sequential Organ Failure Assessment score and Glasgow Coma Scale (GCS) score 
at the first OT session, presence or absence of delirium, duration of delirium, and Mini-Mental 
State Examination-Japanese (MMSE-J) score. The Mann–Whitney U test was used to test differ-
ences between the delirium and the non-delirium groups, and a binomial generalized linear model 
(logistic regression model) with Bayesian estimation was adopted to investigate factors character-
izing delirium. Results: A Bayesian logistic regression model with delirium as the dependent 
variable and “days until extubation” and “spatial orientation” as adjustment variables suggested 
that “spatial orientation” was a significant factor in delirium. Conclusions: For ICU patients with 
delirium, the provision of information tailored toward spatial orientation during the first day of 
OT may improve delirium.
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psychological stress.5) Cardiovascular surgery has also been 
noted as a precipitating factor for delirium.5) In a study of 
the incidence of delirium in 225 patients undergoing sched-
uled cardiovascular surgery, 103 patients (46%) developed 
delirium on or after the day following surgery, 65% of whom 
had delirium that resolved within 1 to 2 days after surgery, 
and 35% had delirium that persisted for 3 days or longer.6) It 
has also been reported that the cognitive function of patients 
with delirium was significantly lower than that of patients 
without delirium when investigated using the Short Form of 
the Informant Questionnaire on Cognitive Decline in the El-
derly (Short IQCODE).5) Furthermore, a longitudinal study6) 
that investigated cognitive function using the Mini Mental 
State Examination (MMSE) reported that cognitive func-
tion declined for more than 1 year after surgery in patients 
with delirium and that it took time for cognitive function to 
improve. In confirming delirium as a factor that worsens the 
patient’s prognosis, these studies highlight the significant 
need for interventions that prevent and treat delirium.

Various interventions have been investigated for the 
prevention of delirium or to shorten the period of delirium 
after onset. These interventions have included adjustment of 
the sleep environment, adjustment of sensory stimulation, 
cognitive training,7) early exercise programs after surgery 
(getting out of bed, training in activities of daily living),8) 
and controlled exposure to light. Environmental adjustments 
such as providing visual location information and frequently 
checking for disorientation using sound stimulation have 
been reported to be effective.9) Simons et al.10) also stated 
that high-intensity phototherapy alone does not reduce the 
incidence of delirium and must be combined with other in-
terventions. Therefore, various perspectives and intervention 
methods are needed to prevent delirium, but no definitive 
conclusions have yet been reached.

In an occupational therapy (OT) intervention study for de-
lirium, the effect of cognitive training on delirium in the ICU 
was unclear, but it was reported that there were no adverse 
events.11) In another study,12) cognitive tasks such as sen-
sory stimulation, upper limb strength training, card games, 
memory games, and visuo-spatial construction games were 
administered to non-ventilated patients admitted to the ICU 
after surgery. In comparison with a control group, the inter-
vention group showed lower incidence of delirium and shorter 
duration.12) Furthermore, Pozzi et al.13) suggested that early 
OT intervention might be beneficial in the prevention and 
treatment of delirium. Although some cognitive stimulation 
appears important and effective, the appropriate approach 
to delirium, a condition that is characterized by cognitive 

impairment, remains unclear. Therefore, it is important to 
characterize the cognitive features of delirium in the early 
stages of OT to provide effective cognitive training that will 
reduce the duration of delirium.

To our knowledge, few studies have investigated the 
characteristics of cognitive function in postoperative 
cardiovascular surgery patients who developed delirium 
after extubation. Retrospective investigation of the cognitive 
features of delirium in clinical settings would be meaning-
ful to address such research gaps and provide insight into 
effective intervention strategies and their components for 
patients who develop delirium. This study aimed to deter-
mine the incidence and duration of delirium in postoperative 
cardiovascular surgery patients at the initial time of OT 
and to identify characteristics of patient demographics and 
cognitive function according to the presence or absence of 
delirium.

MATERIALS AND METHODS

Study Design and Participants
This retrospective study included medical information on 

participating patients older than 20 years of age who under-
went open-chest cardiovascular surgery at our hospital from 
16 July 2019 to 15 July 2020. We did not vary the analysis by 
type of hospitalization, because no difference was observed 
in the incidence of delirium between emergency admissions 
and those for elective surgery. Patients underwent their first 
postoperative OT session (after extubation) in the ICU and 
were assessed for the presence of delirium after extubation 
using the Confusion Assessment Method (CAM).9,14) Patients 
judged to have delirium on the first day of OT were included 
in the delirium group, and those judged not to have delirium 
were included in the non-delirium group. We excluded cases 
in which the first OT intervention was after ICU discharge  
because we expected that the change in environment associ-
ated with changing to another ward would affect the results. 
The following exclusion criteria were also used: OT could 
not be performed, cerebrovascular accident had occurred by 
the start of the first OT session, native language other than 
Japanese, and refusal to participate in this study with blanket 
consent.

Assessment Items
The participant assessment items were age, sex, disease 

classification, hospitalization type, days until extubation, 
postoperative hospital stay (POHS), Sequential Organ Fail-
ure Assessment (SOFA) score,15) and Glasgow Coma Scale 
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(GCS) score on the first day of OT, presence of delirium by 
CAM, duration of delirium, the Mini-Mental State Exami-
nation-Japanese (MMSE-J) total score,16) and the MMSE-J 
subitem scores. For most patients, MMSE-J was adminis-
tered in the afternoon (2:00–5:00 pm). In the assessment of 
delirium by CAM, the following four items were assessed: 
(1) acute onset and fluctuating course, (2) distraction, (3) 
incoherent thinking, and (4) change in the level of conscious-
ness. Delirium was diagnosed when (1) and (2) and either (3) 
or (4) were identified. The SOFA score is an organ failure 
evaluation score in which the presence or absence of organ 
failure in the respiratory system, coagulation system, liver, 
cardiovascular system, central nervous system, and kidneys 
is rated on a 5-point scale from 0 to 4, and the sum of these 
scores is the degree of organ failure. The score ranges from 0 
to 24, with higher scores indicating greater severity.

Analysis
Basic statistics were calculated for the surveyed data, and 

Spearman’s rank correlation coefficient was used to examine 
the relationships between the survey items. A Mann–Whit-
ney U test was performed for each variable to test the dif-
ference between the delirium group and the non-delirium 
group.

The level of statistical significance was set at 5%. A bi-
nomial generalized linear model with Bayesian estimation 
was adopted to investigate factors characterizing delirium. 
Bayesian estimation was used because of the small sample 
size and the low number of subjects in the delirium group. 
The independent variables were entered using the forced en-
try method. Variables were selected based on the items that 
were significantly different in the test of difference between 
the two groups and that met the criteria for the Hosmer–
Lemeshow test, P ≥0.05.17) A Markov Chain Monte Carlo 
(MCMC) method was adopted for Bayesian estimation.

The following settings were used for Bayesian estima-
tion: 10,000 simulations, a burn-in period of 5000, and four 
Markov chains. Convergence decisions were made with a 
potential scale reduction factor of less than 1.05.18) Statisti-
cal analysis was performed using brms package 2.17.0 in R 
v4.1.3 (https://www.r-project.org).

Ethics Statement
This study was performed in line with the principles of the 

Declaration of Helsinki. Approval was granted by the Ethics 
Committee of Yokohama City University (23 October 2020/
Approval No. B201000007). This retrospective study only 
used patient data after written consent was obtained for use 

of the information. The purpose and methods of the study 
were publicly available, and subjects were offered the op-
portunity to withdraw from the study.

RESULTS

Characteristics of Participants
The procedure for capturing survey data is shown in Fig. 

1. The data of the patients who met the exclusion criteria 
included that of 53 participants for whom OT could not be 
performed due to holidays or reimbursement reasons. The 
characteristics of the participants are shown in Table 1. At-
tention for each results, there were significant differences 
between the two groups in the subscales for spatial orienta-
tion (p = 0.001), serial 7s (p = 0.030). Furthermore, we did 
not vary the analysis by type of hospitalization, because no 
differences in the incidence of delirium were found between 
emergency and elective surgery.

Correlations between Variables
Correlations Between Variables are shown in Table 2. 

Attention for each survey item, significant 183 correlations 
were found between days until extubation and POHS (r = 
0.423, p < 0.001), and between POHS and GCS score (r = 
−0.358, p < 0.001).

Identification of Characteristics According to 
Presence or Absence of Delirium

In designing the logistic regression model using Bayes-
ian estimation, the “SOFA score”, “POHS”, “GCS score”, 
“MMSE-J total”, and the MMSE-J items of “Verbal com-
prehension” and “Reading a sentence” were removed from 
the items for which significant differences were found in 
comparison of the two groups. “SOFA score” was excluded 
because previous research has shown that delirium is more 
likely to develop in patients with severe conditions.19) 
“POHS” was excluded because it is not a variable that can be 
considered at the start of the study. “GCS score” is a factor 
that should be considered for the level of alertness at the start 
of the study because significant differences were found be-
tween the groups with and without delirium. However, given 
that delirium is defined in the DSM-5 as a change in the level 
of consciousness, the “GCS score” at the time of evaluation 
does not accurately reflect the characteristics of delirium. 
Therefore, we considered that it was inappropriate to include 
“GCS score” as an independent variable. “MMSE-J total” 
was excluded because it has been shown that patients who 
develop delirium have lower MMSE scores6) and it does not 
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reflect the characteristics of the cognitive functions that were 
the target of the study. “Verbal comprehension” and “Read-
ing a sentence” were excluded because of the small volume of 
data. Furthermore, the Hosmer–Lemeshow test showed that 
the generalized linear model with “Presence of delirium” as 
the dependent variable and “Days until extubation” (odds ra-
tio=1.193, P=0.234), “Spatial orientation” (odds ratio=0.353, 
P=0.044), and “Serial 7s” (odds ratio=0.706, P=0.245) as the 
independent variables did not meet the criteria (P=0.018), so 
“Serial 7s” was excluded from the independent variables. The 
chi-square test of the model for both “Days until extubation” 
and “Spatial orientation” was significant at P<0.001, and the 
Hosmer–Lemeshow test showed the model to be a good fit 
at P=0.915 (“Days until extubation”: odds ratio=1.215 and 
P=0.159; “Spatial orientation”: odds ratio=0.288, P=0.005).

Based on our results, we designed a logistic regression 
model using Bayesian estimation with MCMC with “Pres-
ence of delirium” as the dependent variable and “Days until 
extubation” and “Spatial orientation” as the independent 
variables. The results showed that “Spatial orientation” was 
a significant characteristic of delirium in a model with “Days 
until extubation” as an adjustment variable (95% confidence 
interval: −6.56 to −3.33) (Table 3).

DISCUSSION

The results of this study revealed specific cognitive 
characteristics of patients admitted to the ICU. In addition 
to the conventional findings that delirium is characterized 

by the patient’s advanced age, blood data, and severity of 
illness,20,21) the results of this study show that the MMSE-J 
item “Spatial orientation” may be a cognitive characteristic 
related to the onset of delirium in the ICU setting. Location 
disorientation has been confirmed previously in an inpatient 
with delirium in a clinical setting.22) Although the impor-
tance of cognitive training for patients with delirium has 
been pointed out in previous studies,7,9,11,12) no study has ex-
amined the detailed characteristics of cognitive function in 
delirium. The characteristics of cognitive function caused by 
the onset of delirium as revealed in this study may indicate 
the essential points of any rehabilitation strategy for patients 
with delirium.

Differences in Patient Attributes According to 
Presence or Absence of Delirium

In this study, we analyzed the data obtained during the 
study period for those who met the study criteria and found 
that 17.3% showed onset of delirium on the first day of OT. 
Saczynski et al.6) reported that 46% of patients undergoing 
scheduled cardiovascular surgery developed delirium on 
or after the day following surgery; subsequently, delirium 
disappeared 1–2 days after surgery in 65% of those with 
delirium, and it persisted in 35% for more than 3 days. Our 
study indicated a lower incidence of delirium than the results 
of Saczynski et al.6) because the presence of delirium was 
assessed at the start of OT when some patients with delirium 
may have already improved. Inouye5) stated that risk factors 
for invariant delirium among the patient demographics data 
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Fig. 1.  Flowchart of data selection. The data of 104 post-cardiovascular surgery patients were divided into the delirium 
group or the non-delirium group.
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included males aged 65 years or older, cognitive decline 
before surgery, and histories of alcohol consumption and 
vascular disease. In contrast, there was no difference in age, 
sex, disease category, or outcome between the participants 

with and without delirium in this study. However, the time 
to extubation and the SOFA score were significantly greater, 
and the GCS score was significantly lower in the group with 
delirium. These results support the findings of previous stud-

Prog. Rehabil. Med. 2024; Vol.9, 20240026 5

Table 1.  Characteristics of participants

Characteristic All (n=104) Delirium group 
(n=18)

Non-delirium group 
(n=86) P value 95% CI

Sex (M/F) 62/42 13/5 49/37 0.231
Age, years 68.0±10.7 70.9±11.9, 48–87 67.4±10.4, 39–86 0.135 −9.99 to 1.99
Hospitalization
  Scheduled 77 12 65 0.433
  Emergency 27 6 21
Disease
  Ischemic heart disease 26 2 24 0.299
  Valvular heart disease 39 6 33
  Macrovascular disease 35 9 26
  Other 4 1 3
Type of operation
  Coronary artery bypass 26 2 24 0.109
  Valve replacement/plasty 34 4 30
  ABVR 29 8 21
  Combined procedure 4 2 2
  Other 11 2 9
Duration of operation, min 434.0±155.6 448.2±33.9 431.1±17.1 0.369 −1.99 to 41.00
Days until extubation, days 2.1±2.1 3.1±2.8, 1–10 1.8±1.9, 0–11 0.022* −1.99 to 0.00
Days until OT started, days 2.6±2.2 3.6±0.8, 1–13 2.4±0.2, 1–12 0.052 −1.99 to 0.00
SOFA score 4.9±2.8 6.3±3.3, 1–12 4.6±2.7, 0–11 0.042* −3.00 to 0.00
Duration of delirium, days ― 3.2±2.7, 1–9 ― ―
POHS, days 29.8±28.6 47.9±61.9, 18–290 26.1±12.0, 11–79 0.006** −14.0 to −2.0
GCS score 14.2±1.0 13.4±1.0, 11–15 14.3±1.0, 9–15 0.001** 0.99 to 0.00
MMSE-J total 24.6± 3.8, 81 20.8±5.3, 11–28, 9 25.1±3.4, 16–30, 72 0.013* 0.99 to 7.00
1. Temporal orientation 4.1±2.0, 92 3.6±1.2, 2–5, 11 4.2±0.9, 1–5, 81 0.060 0.00 to 1.00
2. Spatial orientation 4.4±0.9, 92 3.4±1.6, 0–5, 11 4.5±0.6, 3–5, 81 0.001** 0.00 to 1.00
4. Serial 7s 2.7±1.7, 88 1.6±1.3, 0–4, 9 2.9±1.7, 0–5, 79 0.030* 0.00 to 2.99
3. Immediate memory 3, 1–3, 92 3, 1–3, 11 3, 2–3, 81 0.146 −0.00 to 0.00
5. Delayed recall 2, 0–3, 88 2, 1–3, 9 2, 0–3, 79 0.542 −0.00 to 0.99
6. Naming 2, 1–2, 86 2, 1–2, 9 2, 1–2, 77 0.070 −0.00 to 0.00
8. Verbal comprehension 3, 0–3, 83 3, 0–3, 9 3, 0–3, 74 0.009** 0.00 to 0.00
7. Verbal repetition (Y/N) 86/0 9/0 77/0 ―
9. Reading a sentence (Y/N) 83/1 8/1 75/0 0.004**

10. Writing (Y/N) 72/15 12/3 60/12 0.255
11. Constructional praxis (Y/N) 62/19 06/3 56/16 0.458
Data given as number, mean ± standard deviation (SD), range, and/or median. Data for MMSE-J total and subitems 1, 2, 4 

given as mean ± SD, range, number; data for MMSE-J subitems 3, 5, 6, 8 given as median, range number; data for MMSE-J 
subitems 7, 9, 10, 11 given as number.

CI, confidence interval; ABVR, artificial blood vessel replacement and/or graft replacement.
*P<0.05; **P<0.01.
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ies that the characteristics of the patient demographics data 
can be factors in the onset of delirium.

Cognitive Characteristics According to Pres-
ence or Absence of Delirium

Detailed investigation of characteristics of the cognitive 
function of patients with and without delirium is important 
to provide appropriate interventions following extubation, 
based on the presence or absence of delirium in the subject. 
Significant differences were found in the MMSE-J subscales 

for spatial orientation, Serial 7s, and verbal comprehension, 
depending on the presence or absence of delirium. Inouye et 
al.14) also listed attentional dysfunction, incoherent thinking, 
and altered level of consciousness as categories of CAM to 
determine the presence or absence of delirium. In addition, 
this previous study suggested that the difference in Serial 7 
scores depending on patients with and without delirium was 
caused by the decrease in attentional function, which is one 
of the typical symptoms of delirium.14) Therefore, the results 
of this study are consistent with observations of the cogni-
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Table 2.  Correlations between variables

Age Days until extu-
bation

SOFA score Duration of 
delirium

POHS GCS score

Days until extubation 
(n=104)

−0.053 (0.592) - - - - -

SOFA score  
(n=104)

0.008 (0.935) 0.139 (0.160) - - - -

Duration of delirium  
(n=18)

0.468 (0.050)* 0.057 (0.822) 0.089 (0.726) - - -

POHS  
(n=104)

0.122 (0.218) 0.423 (0.000)** 0.145 (0.141) 0.196b (0.436) - -

GCS score  
(n=104)

−0.025 (0.798) −0.305 (0.002)** −0.412 (0.000)** −0.218b (0.384) −0.358 (0.000)** -

MMSE-J totala  
(n=81)

−0.311 (0.005)** −0.419 (0.000)** −0.158 (0.159) −0.161c (0.679) −0.150 (0.182) 0.270 (0.015)*

  Temporal orientation 
(n=92)

–0.222 (0.033)* –0.371 (0.000)** –0.175 (0.095) –0.343d (0.302) –0.143 (0.173) 0.454 (0.000)**

  Spatial orientation  
(n=92)

–0.306 (0.003)** –0.102 (0.336) –0.040 (0.703) –0.350d (0.291) –0.116 (0.272) 0.166 (0.112)

  Immediate memory 
(n=92)

–0.210 (0.044)* –0.112 (0.287) –0.051 (0.627) 0.214d (0.527) –0.159 (0.131) 0.108 (0.307)

  Serial 7s  
(n=88)

–0.183 (0.087) –0.324 (0.002)** –0.126 (0.242) –0.122c (0.754) –0.140 (0.195) 0.080 (0.458)

  Delayed recall  
(n=88)

–0.236 (0.027)* –0.202 (0.058) –0.018 (0.866) –0.642c (0.062) 0.006 (0.955) 0.061 (0.572)

  Naming  
(n=86)

–0.109 (0.319) –0.014 (0.902) –0.089 (0.413) 0.302c (0.430) –0.120 (0.272) 0.117 (0.283)

  Verbal comprehension 
(n=83)

0.017 (0.877) –0.264 (0.016)* –0.146 (0.187) 0.098c (0.802) –0.039 (0.727) 0.153 (0.168)

Data given as Spearman's correlation coefficient (P value).
a For those able to complete MMSE-J; b n=18; c n=9; d n=11.
*P<0.05; **P<0.01.

Table 3.  Factors predicting delirium by Bayesian generalized linear model

Estimate Estimate error 95% CI Effective sample size Rhat
Intercept −4.81 0.82 −6.56 to −3.33 13,701 1.00
Days until extubation 0.13 0.12 −0.13 to 0.35 11,712 1.00
Spatial orientation −0.60 0.19 −0.95 to −0.21 11,573 1.00
CI, confidence interval; Rhat, potential scale reduction factor.
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tive characteristics of patients with delirium from previous 
studies.

Characteristics of Relationships between As-
sessed Items in Patients with Delirium

Characteristics of the patients with delirium and their 
association with assessment data were analyzed to identify 
patient information that might be related to the onset of de-
lirium. There was a significant positive correlation between 
age and duration of delirium, a significant negative correla-
tion between age and MMSE-J total, and patients with longer 
time to extubation had lower GCS scores and longer POHS. 
In addition, there was a significant negative correlation 
between GCS score (on the first day of OT) and postopera-
tive hospital days. Sugishita et al.16) reported that the mean 
MMSE-J score was significantly lower for the older group 
than for the younger group. Pandharipande et al.19) reported 
that the incidence of delirium tends to increase with increas-
ing age. Elderly patients and patients who take a long time 
to be extubated are considered to be at high risk of develop-
ing delirium. However, Giacino et al.23) reported that even 
patients with prolonged impaired consciousness who were 
unable to communicate reliably responded to visual and mo-
tor stimuli. Considering that patients with low postoperative 
arousal have a longer POHS, the provision of early sensory 
stimulation in the ICU to promote arousal was suggested to 
be important if there are no medical contraindications.

Characteristic Factors Associated with Onset 
of Delirium

Modeling analysis based on variables selected from mul-
tidimensional measurements may identify characteristic 
factors associated with the onset of delirium. A previous 
study that created a risk model for delirium based on patient 
admission characteristics cited the factors of dementia, ben-
zodiazepine drug use before ICU admission, creatinine level, 
and arterial blood pH.20) Another previous study21) used with 
and without delirium as the dependent variable and visual 
impairment, severity, cognitive dysfunction, and blood urea 
nitrogen as independent variables. However, although both 
studies stated that cognitive dysfunction is a risk factor for 
delirium, neither discussed specific items of cognitive func-
tion. A previous study describing items of cognitive function 
found current year, date, reverse spelling, and graphic draw-
ing to be predictors of delirium using the MMSE in a general 
ward.24) 

The design of a logistic regression model by Bayesian es-
timation using “with and without delirium” as the dependent 

variable in this study showed that “spatial disorientation” 
was a characteristic factor according to the onset of delirium 
with “Days until extubation” as the moderator variable. Be-
cause disorientation is a prerequisite for the preservation of 
short-term memory, an item that characterizes a decrease in 
cognitive function, the “Spatial orientation” derived in this 
study is an independent variable that reflects the presence 
or absence of cognitive dysfunction caused by delirium. 
Therefore, in addition to predictors of delirium such as age, 
original mental illness, cerebrovascular disease, and preex-
isting cognitive impairment,25) the characteristic of “Spatial 
orientation” identified in the present study is expected to be 
useful in rehabilitation for patients who showing the onset 
of delirium on admission to the ICU. Moreover, delirium 
has been reported to be characterized by visual cognitive 
dysfunction,26) unlike dementia and healthy individuals. It 
is anticipated that this visual cognitive dysfunction makes it 
difficult for patients to make normal judgments about their 
situation. In this study, although it was difficult to clarify 
how spatial orientation affects the onset of delirium, spatial 
orientation disorders may lead to confusion in patients, pro-
mote anxiety, which is a precipitating factor in delirium, and 
induce delirium. The spatial orientation score may reflect 
the inability of a patient to accurately judge their situation 
because of impaired visual cognitive function. Furthermore, 
orientation is a complex cognitive skill, and although the 
neurophysiological mechanisms have not been clarified, it 
is reported to be mainly influenced by memory, attention, 
and other cognitive functions such as language function.27) 
Magnetic resonance imaging has shown that activation of 
orientation-related cortical areas can be observed in the fron-
tal cortex, inferior parietal lobe, and medial frontal cortex.28) 
In addition, it has been reported that frequent confirmation 
of the ward, hospital name, and progress, as an approach to 
general orientation, is correlated with a lower incidence of 
delirium.29) Taken together, this information suggests that 
providing information on spatial orientation that is tailored 
to the patient’s cognitive function might have some impact 
on patients with delirium.

Limitations
This study is the first to investigate the detailed charac-

teristics of cognitive function according to the presence or 
absence of delirium at the start of OT. However, the study 
also has some limitations. First, because this study used 
cross-sectional data at the time of OT initiation, we could 
not determine whether delirium caused location disorienta-
tion or whether location disorientation was a contributor to 

Prog. Rehabil. Med. 2024; Vol.9, 20240026 7



Copyright © 2024 The Japanese Association of Rehabilitation Medicine

the onset of delirium. Therefore, although this study revealed 
the cognitive characteristics associated with the onset of 
delirium, additional longitudinal research will be necessary 
to investigate the causal relationship between the onset of 
delirium and cognitive characteristics. Second, the char-
acteristics of patients with delirium that developed outside 
of the ICU could not be analyzed. However, because some 
patients develop delirium after discharge from the ICU, it 
will be necessary to investigate the onset of delirium during 
hospitalization in detail in future studies. Finally, although 
the characteristics of the cognitive function of patients with 
delirium were clarified, delirium is susceptible to symptoms 
such as depression and anxiety,5) and this may limit the inter-
pretation of the results. However, in considering intervention 
methods for delirium, the results of this study suggest that it 
is important to assess the characteristics of cognitive func-
tion in detail.

CONCLUSION

This study investigated the demographic and cognitive 
characteristics of patients undergoing cardiovascular sur-
gery in relation to the onset of delirium at the start of OT. 
Because the presence of delirium influences the number of 
postoperative hospital days, we believe that the provision of 
spatial orientation information to patients in the early stages 
of delirium may have an impact on improving delirium in 
inpatients of the ICU and may shorten hospital stay.

ACKNOWLEDGMENTS

The authors acknowledge the assistance of medical center 
staff at the participating facilities. This study was supported 
by Kanagawa Association of Occupational Therapist (KJ17).

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

	 1.	 Takahashi S, Ohno Y: Desk reference to the diagnos-
tic criteria from DSM-5. Igaku-Shoin, Tokyo, 2014; 
276–282.

	 2.	 Girard TD, Jackson JC, Pandharipande PP, Pun BT, 
Thompson JL, Shintani AK, Gordon SM, Canonico 
AE, Dittus RS, Bernard GR, Ely EW: Delirium as a 
predictor of long-term cognitive impairment in survi-
vors of critical illness. Crit Care Med 2010;38:1513–
1520. https://doi.org/10.1097/CCM.0b013e3181e47be1, 
PMID:20473145

	 3.	 Pandharipande PP, Girard TD, Jackson JC, Morandi 
A, Thompson JL, Pun BT, Brummel NE, Hughes CG, 
Vasilevskis EE, Shintani AK, Moons KG, Geevarghese 
SK, Canonico A, Hopkins RO, Bernard GR, Dittus RS, 
Ely EW, BRAIN-ICU Study Investigators: Long-term 
cognitive impairment after critical illness. N Engl J 
Med 2013;369:1306–1316. https://doi.org/10.1056/NEJ-
Moa1301372, PMID:24088092

	 4.	 Brummel NE, Jackson JC, Pandharipande PP, Thomp-
son JL, Shintani AK, Dittus RS, Gill TM, Bernard GR, 
Ely EW, Girard TD: Delirium in the ICU and subsequent 
long-term disability among survivors of mechanical 
ventilation. Crit Care Med 2014;42:369–377. https://doi.
org/10.1097/CCM.0b013e3182a645bd, PMID:24158172

	 5.	 Inouye SK: Delirium in older persons. N Engl J Med 
2006;354:1157–1165. https://doi.org/10.1056/NEJM-
ra052321, PMID:16540616

	 6.	 Saczynski JS, Marcantonio ER, Quach L, Fong 
TG, Gross A, Inouye SK, Jones RN: Cognitive 
trajectories after postoperative delirium. N Engl J 
Med 2012;367:30–39. https://doi.org/10.1056/NEJ-
Moa1112923, PMID:22762316

	 7.	 Faustino TN, Suzart NA, Rabelo RN, Santos JL, Batista 
GS, Freitas YS, Saback DA, Sales NM, Brandao Bar-
reto B, Gusmao-Flores D: Effectiveness of combined 
non-pharmacological interventions in the prevention 
of delirium in critically ill patients: a randomized 
clinical trial. J Crit Care 2022;68:114–120. https://doi.
org/10.1016/j.jcrc.2021.12.015, PMID:34999377

	 8.	 Schweickert WD, Pohlman MC, Pohlman AS, Nigos C, 
Pawlik AJ, Esbrook CL, Spears L, Miller M, Franczyk 
M, Deprizio D, Schmidt GA, Bowman A, Barr R, 
McCallister KE, Hall JB, Kress JP: Early physical 
and occupational therapy in mechanically ventilated, 
critically ill patients: a randomised controlled trial. 
Lancet 2009;373:1874–1882. https://doi.org/10.1016/
S0140-6736(09)60658-9, PMID:19446324

8 Sano K, et al: Clinical and Cognitive Characteristics of Delirium in ICU

https://doi.org/10.1097/CCM.0b013e3181e47be1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20473145?dopt=Abstract
https://doi.org/10.1056/NEJMoa1301372
https://doi.org/10.1056/NEJMoa1301372
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24088092?dopt=Abstract
https://doi.org/10.1097/CCM.0b013e3182a645bd
https://doi.org/10.1097/CCM.0b013e3182a645bd
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24158172?dopt=Abstract
https://doi.org/10.1056/NEJMra052321
https://doi.org/10.1056/NEJMra052321
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16540616?dopt=Abstract
https://doi.org/10.1056/NEJMoa1112923
https://doi.org/10.1056/NEJMoa1112923
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22762316?dopt=Abstract
https://doi.org/10.1016/j.jcrc.2021.12.015
https://doi.org/10.1016/j.jcrc.2021.12.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34999377?dopt=Abstract
https://doi.org/10.1016/S0140-6736(09)60658-9
https://doi.org/10.1016/S0140-6736(09)60658-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19446324?dopt=Abstract


Copyright © 2024 The Japanese Association of Rehabilitation Medicine

	 9.	 Zaal IJ, Spruyt CF, Peelen LM, van Eijk MM, Wientjes 
R, Schneider MM, Kesecioglu J, Slooter AJ: Intensive 
care unit environment may affect the course of de-
lirium. Intensive Care Med 2013;39:481–488. https://
doi.org/10.1007/s00134-012-2726-6, PMID:23093246

	 10.	 Simons KS, Laheij RJ, van den Boogaard M, Mo-
viat MA, Paling AJ, Polderman FN, Rozendaal FW, 
Salet GA, van der Hoeven JG, Pickkers P, de Jager 
CP: Dynamic light application therapy to reduce the 
incidence and duration of delirium in intensive-care 
patients: a randomised controlled trial. Lancet Respir 
Med 2016;4:194–202. https://doi.org/10.1016/S2213-
2600(16)00025-4, PMID:26895652

	 11.	 Deemer K, Myhre B, Oviatt S, Parsons M, Watson 
M, Zjadewicz K, Soo A, Fiest K, Posadas-Calleja J: 
Occupational therapist-guided cognitive interventions 
in critically ill patients: a feasibility randomized con-
trolled trial [in French]. Can J Anaesth 2023;70:139–
150. https://doi.org/10.1007/s12630-022-02351-9, 
PMID:36385466

	 12.	 Álvarez EA, Garrido MA, Tobar EA, Prieto SA, Verga-
ra SO, Briceño CD, González FJ: Occupational therapy 
for delirium management in elderly patients without 
mechanical ventilation in an intensive care unit: a 
pilot randomized clinical trial. J Crit Care 2017;37:85–
90. https://doi.org/10.1016/j.jcrc.2016.09.002, 
PMID:27660922

	 13.	 Pozzi C, Tatzer VC, Álvarez EA, Lanzoni A, Graff 
MJ: The applicability and feasibility of occupational 
therapy in delirium care. Eur Geriatr Med 2020;11:209–
216. https://doi.org/10.1007/s41999-020-00308-z, 
PMID:32297202

	 14.	 Inouye SK, van Dyck CH, Alessi CA, Balkin S, Siegal 
AP, Horwitz RI: Clarifying confusion: the confusion 
assessment method. A new method for detection of 
delirium. Ann Intern Med 1990;113:941–948. https://
doi.org/10.7326/0003-4819-113-12-941, PMID:2240918

	 15.	 Vincent JL, Moreno R, Takala J, Willatts S, De Men-
donça A, Bruining H, Reinhart CK, Suter PM, Thijs 
LG: The SOFA (Sepsis-related Organ Failure Assess-
ment) score to describe organ dysfunction/failure. 
Intensive Care Med 1996;22:707–710. https://doi.
org/10.1007/BF01709751, PMID:8844239

	 16.	 Sugishita M, Koshizuka Y, Sudou S, Sugishita K, 
Hemmi I, Karasawa H, Ihara M, Asada T, Mihara B: 
The validity and reliability of the Japanese version of 
the Mini-Mental State Examination (MMSE-J) with 
the original procedure of the Attention and Calcula-
tion Task (2001) [in Japanese]. Jpn J Cogn Neurosci 
2018;20:91–110.

	 17.	 Hosmer DW, Lemeshow S: Applied logistic regression, 
2nd edition. Wiley, New Jersey, 2000.

	 18.	 Kruschke J: Doing Bayesian data analysis—a tutorial 
with R, JAGS, and Stan, 2nd edition. Elsevier, London, 
2014.

	 19.	 Pandharipande P, Shintani A, Peterson J, Pun BT, 
Wilkinson GR, Dittus RS, Bernard GR, Ely EW: Lo-
razepam is an independent risk factor for transitioning 
to delirium in intensive care unit patients. Anesthesiol-
ogy 2006;104:21–26. https://doi.org/10.1097/00000542-
200601000-00005, PMID:16394685

	 20.	 Pisani MA, Murphy TE, Van Ness PH, Araujo KL, 
Inouye SK: Characteristics associated with delirium in 
older patients in a medical intensive care unit. Arch In-
tern Med 2007;167:1629–1634. https://doi.org/10.1001/
archinte.167.15.1629, PMID:17698685

	 21.	 Inouye SK, Viscoli CM, Horwitz RI, Hurst LD, Tinetti 
ME: A predictive model for delirium in hospitalized 
elderly medical patients based on admission charac-
teristics. Ann Intern Med 1993;119:474–481. https://
doi.org/10.7326/0003-4819-119-6-199309150-00005, 
PMID:8357112

	 22.	 Sano K, Watanabe A, Kawaguchi T, Sakamoto Y, Fu-
kuda M: Effect of occupational therapy on prevention 
of the onset of delirium in patients after cardiovascular 
surgery: implications from a delirium case [in Japa-
nese]. J Kanagawa Occup Ther Res 2022;12:1–7.

	 23.	 Giacino JT, Kalmar K, Whyte J: The JFK Coma 
Recovery Scale-Revised: measurement character-
istics and diagnostic utility. Arch Phys Med Re-
habil 2004;85:2020–2029. https://doi.org/10.1016/j.
apmr.2004.02.033, PMID:15605342

	 24.	 Fayers PM, Hjermstad MJ, Ranhoff AH, Kaasa S, 
Skogstad L, Klepstad P, Loge JH: Which mini-mental 
state exam items can be used to screen for delirium 
and cognitive impairment? J Pain Symptom Manage 
2005;30:41–50. https://doi.org/10.1016/j.jpainsym-
man.2005.05.001, PMID:16043006

Prog. Rehabil. Med. 2024; Vol.9, 20240026 9

https://doi.org/10.1007/s00134-012-2726-6
https://doi.org/10.1007/s00134-012-2726-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23093246?dopt=Abstract
https://doi.org/10.1016/S2213-2600(16)00025-4
https://doi.org/10.1016/S2213-2600(16)00025-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26895652?dopt=Abstract
https://doi.org/10.1007/s12630-022-02351-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36385466?dopt=Abstract
https://doi.org/10.1016/j.jcrc.2016.09.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27660922?dopt=Abstract
https://doi.org/10.1007/s41999-020-00308-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32297202?dopt=Abstract
https://doi.org/10.7326/0003-4819-113-12-941
https://doi.org/10.7326/0003-4819-113-12-941
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2240918?dopt=Abstract
https://doi.org/10.1007/BF01709751
https://doi.org/10.1007/BF01709751
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8844239?dopt=Abstract
https://doi.org/10.1097/00000542-200601000-00005
https://doi.org/10.1097/00000542-200601000-00005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16394685?dopt=Abstract
https://doi.org/10.1001/archinte.167.15.1629
https://doi.org/10.1001/archinte.167.15.1629
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17698685?dopt=Abstract
https://doi.org/10.7326/0003-4819-119-6-199309150-00005
https://doi.org/10.7326/0003-4819-119-6-199309150-00005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8357112?dopt=Abstract
https://doi.org/10.1016/j.apmr.2004.02.033
https://doi.org/10.1016/j.apmr.2004.02.033
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15605342?dopt=Abstract
https://doi.org/10.1016/j.jpainsymman.2005.05.001
https://doi.org/10.1016/j.jpainsymman.2005.05.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16043006?dopt=Abstract


Copyright © 2024 The Japanese Association of Rehabilitation Medicine

	 25.	 Gosselt AN, Slooter AJ, Boere PR, Zaal IJ: Risk fac-
tors for delirium after on-pump cardiac surgery: a 
systematic review. Crit Care 2015;19:346–353. https://
doi.org/10.1186/s13054-015-1060-0, PMID:26395253

	 26.	 Brown LJ, McGrory S, McLaren L, Starr JM, Deary 
IJ, MacLullich AM: Cognitive visual perceptual 
deficits in patients with delirium. J Neurol Neurosurg 
Psychiatry 2009;80:594–599. https://doi.org/10.1136/
jnnp.2008.169078, PMID:19237384

	 27.	 Tittle A, Burgess GH: Relative contribution of attention 
and memory toward disorientation or post-traumatic 
amnesia in an acute brain injury sample. Brain Inj 
2011;25:933–942. https://doi.org/10.3109/02699052.20
11.597042, PMID:21749193

	 28.	 Peer M, Salomon R, Goldberg I, Blanke O, Arzy S: 
Brain system for mental orientation in space, time, 
and person. Proc Natl Acad Sci USA 2015;112:11072–
11077. https://doi.org/10.1073/pnas.1504242112, 
PMID:26283353

	 29.	 Colombo R, Corona A, Praga F, Minari C, Giannotti 
C, Castelli A, Raimondi F: A reorientation strategy for 
reducing delirium in the critically ill. Results of an in-
terventional study. Minerva Anestesiol 2012;78:1026–
1033. PMID:22772860

10 Sano K, et al: Clinical and Cognitive Characteristics of Delirium in ICU

https://doi.org/10.1186/s13054-015-1060-0
https://doi.org/10.1186/s13054-015-1060-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26395253?dopt=Abstract
https://doi.org/10.1136/jnnp.2008.169078
https://doi.org/10.1136/jnnp.2008.169078
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19237384?dopt=Abstract
https://doi.org/10.3109/02699052.2011.597042
https://doi.org/10.3109/02699052.2011.597042
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21749193?dopt=Abstract
https://doi.org/10.1073/pnas.1504242112
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26283353?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22772860?dopt=Abstract

