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Abstract
Objectives
Delirium is a common neurobehavioral disturbance in older patients after surgery. A
decrease in the volume of the cortical gray matter (GM) could be a risk factor for the
postoperative delirium and may be a predictive clue for the incidence.

Methods
The patients with the age range from 58 to 87 underwent an elective cardiac operation
during two periods, i.e., between August 2005 and August 2006 (study 1) as well as between
July 2016 and December 2018 (study 2). The total subjects included in the two studies were
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study 1 (84) and 2 (91) for a total of 175. Before the surgery, an MRI study was conducted. The
MRI data were processed to calculate the absolute volumes of the pre-defined region of interest
using Statistical Parametrical Mapping 8. The delirium was diagnosed according to the DSM-IV
criteria.

Results
Thirty-two of the 175 patients (18.3%) developed delirium. Based on a comparison to the
age-controlled non-delirium patients, a statistically significant reduction in the GM volume of
the delirium patients was observed in the widespread cerebral cortices as well as in the
cerebellum. The decreased volume of the temporal lobe generated a cut-off value for the
incidence of delirium with a moderate value (0.810) of area under the curve.

Conclusions
The atrophic change in the GM can be associated with the vulnerability to delirium after
cardiac surgery. The MRI measurement before surgery may provide a useful value for the
prediction of a postoperative syndrome.

Key words: Delirium; Cardiac Surgery; Brain MRI; Predisposing Factors; Atlas-Based; Elderly
Patient; Cerebral Cortex; Atrophy

Introduction
Delirium is a neurobehavioral
syndrome characterized by the several
functional deficits, i.e., attention, cognition,
emotion,
circadian
rhythm
and
1,2.
psychomotor
functioning
The
phenomenology of the syndrome can be
attributed to the transient disruption of
normal neuronal activity, and the
pathophysiology may be associated with
changes in the neurotransmitter and
dysfunctions of the neural networks 3-6. The
etiology of delirium is a multifactorial
complex caused by predisposing and
precipitating risk factors 1, 2, 5 ~ 11. The
former factor includes advanced age,
cognitive
impairments,
sensory
impairments and coexisting medical
disease. Medical procedures, such as
surgery and medication, as well as
worsening of their physiological conditions
are contained in the latter factor. The sum
of the two factors may define the risk of
developing delirium.
Cardiac surgery in elderly people
results in delirium in about 11.4 % to
30.7 % of patients based on recent studies
12 ~ 18. Circumstantial evidence suggests that
the elderly people have a decreased reserve
capacity to respond to noxious precipitating
insults such as surgery. Delirium in elderly

patients after a surgical procedure is
clinically critical, because it has an
association with worse outcomes 1, 7, 19, 20,
e.g., longer hospital stays, higher rates of
mortality, and longer-term decline in their
functional and cognitive status. However,
the main medical procedure to delirium,
such as prevention and treatment, still
remains a significant problem in the
hospital 7~9, 21 ~ 23. Consequently, clinical and
biological information of an individual
patient to appropriately predict the
incidence of delirium is necessary to
develop a preventive measure including
pharmacological and non-pharmacological
methods,
being
required
for
the
investigation of preventive procedures for
delirium to obtain an accurate effect of the
intervention.
An increased risk of developing into
delirium after the operation may be
associated with the changes in the brain
MRI characteristics of neurovascular and
neurodegenerative changes 25. While the
association of the atrophic brain change and
the delirium was not consistently observed
in a few studies 26 ~ 28, we have recently
demonstrated an association between the
smaller pre-operative cortical brain volume,
i.e., the temporal and limbic lobes, and the
delirium after a cardiac operation by an in
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vivo volumetric MRI study 29. The brain
structural alteration can be involved in the
vulnerability to the post-operative delirium
24, 25. In addition, the atlas-based methods
used in the study lead to a calculation of a
cut-off value of the brain volume to
discriminate between the delirium and nondelirium groups, showing a moderate value
(>0.8) to predict postoperative delirium 29.
In the present study, we carried out
another investigation of the same protocol
used in our previous study 29, and analyzed
the combined data including the previous
experiment to obtain an expanded
evaluation of the volumetric change in a
larger sample of patients.

Materials and Methods
This study consisted of two
investigations, i.e., study-1 and study-2
(Table 1). We have already described study1 concerning the subjects, pre-operative
evaluations and peri-and post-operative
evaluations in a previous paper 29. Study-2
was also carried out using the same
experimental protocol as the former one.

Subjects
All the subjects of the combined
study who underwent scheduled cardiac
operations
in
the
Department
of
Cardiothoracic Surgery, Tokyo Medical and
Dental University, University Hospital
Faculty of Medicine (Tokyo, Japan) were
more than 57 years old, because the
youngest age of the delirium patients in
study-1 was 58 years old 29, 30. The patients
of study-1 and study-2 underwent surgery
between August 2005 and August 2006 and
between July 2016 and November 2018,
respectively. Patients who were admitted
for an emergency operation during this
period were excluded from the present
study. Approval was obtained from the
Ethics Committee of the Tokyo Medical
Dental University and all patients gave
written
informed
consent.

Pre-operative evaluations
The
pre-operative
evaluation
included medical history, body mass index,

impairments in their physical condition,
handicaps, alcohol consumption, smoking
habits and the Mini-Mental State
Examination (MMSE) 31 (Table 1). Neither
alcoholism (alcohol abuse and/or alcohol
dependence) nor dementia was diagnosed
by the preoperative assessment in the
subjects of the present study 1. There was
no patient who had a depressive syndrome
checked by a pre-operative interview 1, 18.
A few days before the operations,
the subjects of study-1 underwent an MRI
study using a 1.5-tesla General Electric
Signa (General Electric, Milwaukee, WI,
USA) with a standard head coil. One
hundred twenty-four sections of a T1weighted 3-dimensional fast spoiledgradient recalled sequence were obtained
in an axial orientation as 1.5-mm thick
sections (repetition time [TR] = 17 ms; echo
time [TE] = 3 ms; flip angle = 20 °; field of
view [FOV] = 22 cm; number of excitations
= 1; pixel matrix = 256 x 256). In study-2,
the patients underwent an MRI study using
a 3-T MRI system (Trillium Ovale; Hitachi
Healthcare, Tokyo, Japan) with a head coil.
One hundred sixty-seven sections of a T1weighted 3-dimensional fast spin-echo
sequence were obtained in a sagittal
orientation as 1-mm thick sections
(repetition time [TR] = 450 ms; echo time
[TE] = 6.2 ms; field of view [FOV] = 256 x
256 mm; number of excitations = 1; pixel
matrix = 288 x 256).

Peri-and post-operative evaluations
The operating procedure, operation
time, anesthetic time, use of extracorporeal
circulation, amount of blood loss and blood
transfusion requirement during the surgery
were obtained from the flow chart (Table 1).
The post-operative medical factors for the
intensive care and any cardiopulmonary
complications were also included in the
analyses for the risk factors of delirium
(Table 1). The administration of dexmedeto
midine (α2-adrenergic agonist)
23,24 was included in the evaluations of
study-2, while no subjects in study-1
received the drug during the peri- or postoperative periods.
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Table 1: Comparisons of pre-, peri- and post-operative variables between the delirium group
and the non-delirium group (univariate analysis)

Varialble

Delirium
group
(n = 19)

Study 1
Nondelirium
group
(n = 65)

Delirium
group
(n = 13)

Study 2
Nondelirium
group
(n = 78)

Total (Study 1 + Study 2)
Delirium
Nondelirium
group
group
(n = 32)
(n = 143)

Pre-operative data
Age

73.1 ± 6.4*

Sex (male)

13 (68.4%)

69.4 ± 6.5
39 (60.0%)

77.7 ± 6.2**
12 (92.3%)

70.7 ± 6.6
52 (66.7%)

75.0 ± 6.6 ***

70.1 ± 6.6

25 (78.1%)

91 (63.6%)

Handedness (r/l)

14/5

62/3

12/1

73/5

26/6 *

135/8

Body mass index

21.6 ± 3.0*

23.6 ± 3.0

22.9 ± 3.1

24.2 ± 2.9

22.6 ± 3.2

23.2 ± 3.1

Hypertension

18 (94.7%)

51 (78.5%)

9 (69.2%)

50 (64.1%)

27 (84.4)

101 (70.6%)

Diabetes mellitus

6 (31.6%)

27 (41.5%)

6 (46.1%)

20 (25.6%)

12 (37.5%)

47 (32.9%)

Hemodialysis

5 (26.3%)*

3 (4.6%)

1 (7.7%)

5 (6.4%)

6 (18.8%)*

8 (5.6%)

Hypercholesteremia

6 (31.6%)

32 (49.2%)

3 (23.1%)

28 (35.9%)

9 (28.1%)

60 (42.0%)

Cerebral vascular disease
History of smoking

2 (10.5%)
9 (47.3%)

13 (20.0%)
33 (508%)

2 (15.3%)
9 (69.2%)

9 (11.5%)
44 (56.4%)

4 (12.5%)
18 (56.3%)

22 (15.4%)
77 (53.8%)

Daily alcohol use

9 (50%)

20 (30.8%)

7 (53.8%)*

18 (23.0%)

16 (50.0%)*

38 (26.6%)

Visual disturbance

1 (5.3%)

5 (7.7%)

0 (0.0%)

1 (1.3%)

1 (3.1%)

6 (4.2%)

Auditory disturbance

2 (10.5%)

2 (3.1%)

0 (0.0%)

2 (2.6%)

2 (6.3%)

4 (2.8%)

History of cancer

3 (16.7%)

8 (12.3% )

1 (7.7%)

12 (15.4%)

4 (12.5%)

20 (14.0%)

History of delirium

3 (15.8%)

0 (0.0%)*

0 (0.0%)

6 (7.7%)

3 (9.4%)

6 (4.25)

Mini-mental state examination

26.3 ± 3.4

26.7 ± 2.7

26.8 ± 2.9*

28.3 ± 2.0

26.5 ± 3.2*

27.7 ± 2.5

Peri-operative data
Operation time （min）

404.7 ± 89.2

Anesthetic time (min)

510.9 ± 92.8

Extracorporeal circulation (on)

10 (52.6%)
797.7 ± 559.4

527.6 ± 189.7

495.7 ± 177.7

454.6 ± 149.4

452.1 ±157.5

506.1 ± 111.4
40 (61.5%)

399.7 ± 109.3

692.0 ± 200.3

627.3 ± 188.0

584.5± 169.4

572.2 ± 168.6

7 (53.8%)

37 (47.4%)

17 (53.1%)

77 (53.8)

2380.8 ± 1709.0

2444.5 ± 1865.9

1439.7 ± 1392.1

1847.1 ± 1709.5

12 (92.3%)

72 (92.3%)

24 (75.0%)

104 (72.7%)

Blood transfusion

12 (66.7%)

1119.1 ± 1142.5
32 (49.2%)

Type of operation
CABG

Blood loss (ml)

7

31

2

14

9

45

VS

5

18

4

25

9

43

CABG + VS

5
7

0

4

3

9

TAA

3
3

3

26

6

33

TAA + VS

1

2

3

5

4

7

The others

0

2

1

4

1

6
1.1 ± 1.6

Post-operative data
Incubation period (days)

1.5 ± 1.6

1.5 ± 2.0

2.55 ± 3.75

0.76 ± 1.0

1.9± 2.7

Intensive care unit stay (days)

4.2 ± 2.1

5.3 ± 10.0

7.9 ± 5.8*

3.8 ± 2.2

5.7 ± 4.4

4.5 ± 2.7

Cardiopulmonary complication

11 (61.2%)

44 (67.7%)

6 (46.1%)

28 (35.9%)

17 (53.1%)

72 (50.3)

Continuous variables are expressed as mean ± SD, and categorical data are expressed by the
number of patients. The two-tailed Student's t- test or Welch's t-test was used for the continuous
variables. The comparison of proportions was analyzed by the Chi square tests. If the expected
cell frequencies were < 5, we used Fisher‘s exact test for the analysis. History of smoking; more
than 100 (cigarette/day x year ) CABG; Coronary artery bypass graft: VS; Valve surgery: TAA;
Thoracic aortic aneurysm.
* p<0.05、** p<0.01, *** p<0.001 Delirium group vs each counterpart.
After the operation, all the patients were
daily assessed not only by the medical staff
of
the
Department
of
Thoracic
Cardiovascular Surgery, but also by welltrained psychiatrists (co-authors (AS, HM

and TT) until discharged. The presence of
delirium
was
determined
by
the
psychiatrists according to the DSM-IV-TR
criteria for delirium 32. The severity of
delirium was evaluated using the severity
4
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items of the Delirium Rating Scale-Revised98 (DRS-R-98) 33.

MRI data processing
The MRI data were processed using
SPM8 (Wellcome Trust Centre for
Neuroimaging, London, United Kingdom;
http://www.fil.ion.ucl.ac.uk/spm) in which
we applied the VBM8 toolbox which is an
extension of the unified segmentation
model consisting of a spatial normalization,
bias
field
correction,
and
tissue
34
segmentation
. Registration to the
stereotactic space of the Montreal
Neurological Institute (MNI) consisted of a
linear affine transformation and nonlinear
deformation
using
high-dimensional
Diffeomorphic Anatomical Registration
through Exponential Lie Algebra (DARTEL)
normalization 35.
Six parameters of the segmentation
process, i.e., ‘Bias regularization’, ‘Bias
FWHM’, ‘Warping regularization’, ‘Sampling
distance’, ‘Use-SANLM de-noising filter’, and
‘MRF weighting’ were carried out with the
default settings of VBM8, whereas the
‘Modulated normalized’ in the ‘Writing
options’ was set to ‘affine + non-linear
(SPM8 default)’ to obtain the absolute
volume. The voxel size of the preprocessed
image was 1.5 x 1.5 x 1.5 mm.
After the preprocessing by the
VBM8 tool of the SPM8 software, the
absolute GM volume of the region of
interest was evaluated using the whole
brain mask generated by WFU PickAtlas
ver. 2.5.5 36 in SPM8. The evaluated volume
was expressed as the fraction (%) of the
total intracranial volume, i.e., the sum of the
total volumes of the gray matter (GM),
white matter (WM) and CSF space.

Statistical analysis
We compared the pre-, peri- and
post-operative factors between the delirium
group and the non-delirium group. The
continuous variables are expressed as the
mean ± SD, and the categorical data are
expressed as proportions. The two-tailed
Student t test or the Welch’s t-test was used
for the continuous variables. The
comparison of the proportions was
analyzed by the Chi square tests. If the

expected cell frequencies were < 5, we used
Fisher‘s exact test for the analysis. The
variables with a p value < 0.05 were entered
into a backward stepwise logistic
regression analysis requiring a p value less
than 0.05 to remain. In addition, a
comparison between the two groups of the
brain volumes was carried out using
ANCOVA with the type of MRI appliance as
well as other appropriate valuables as a
covariate. For adjustment of the multiple
comparisons, the statistical significance
level was set at a P value of < 0.05 by the
Bonferroni correction. A correlation with
age was analyzed by the Pearson test. All
the statistical analyses were carried out
using the Statistical Package for the Social
Sciences, version 17.0 (SPSS, Inc., Chicago,
IL, USA). In addition, a receiver operating
characteristic
(ROC)
analysis
was
performed to evaluate the accuracy to
predict the post-operative delirium using
MedCalc (Version 17.9.7; MedCalc Software,
Ostend, Belgium).

Results
General
The patients underwent six types of
cardiac surgeries (number of patients) that
included coronary artery bypass graft
(CABG) surgery (54), valve (VS) surgery
(52), CABG and VS surgery (12), thoracic
aortic aneurysm (TSA) surgery (39), TAS
and VS surgery (11) and others (7)
(Table 2). The cardiac surgery using
extracorporeal circulation was carried out
on 77 patients (53.8 %).
Thirty-two of the 175 patients
(18.3 %) developed delirium after the
cardiac surgery. The incidence ratio of
delirium for each study was 22.9 % (study
1) and 14.3 % (study 2). The youngest age
of the delirium patients in study-2 was 66
years old, while the age was 58 in study 1.
The mean ± SD of the severity score of DRSR-98 was 20.9 ± 6.9.

Peri- and post-operative variables
In the pre-operative data of the total
study (study1 plus study-2), there was a
statistically significant difference (p < 0.05)
between the delirium group and the non5
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delirium group in age, handedness,
hemodialysis, alcohol daily use and MMSE
(Table 1). No difference between the two
groups was found in the examined peri- and
post-operative data (Table 1). The
frequency of the administration of
dexmedetomidine in the delirium group (12
patients (92.3%)) was similar to that of the
non-delirium group (56 patients (70.0%))
in study-2, while there was no
administration of the drug in study 1. The
multivariate logistic regression analysis, in
which the significant variables based on the
univariate comparison test were entered,
revealed that advanced age and daily
alcohol consumption were important risk
factors of post-operative delirium (Table 2).

MRI study
The comparisons of the absolute
total intracranial volume and the fractions
of the GM, WM and CSF space between the
delirium group (n = 32) and non-delirium
group (n = 143) are shown in (Table 3). The
ANCOVA analysis using the type of MRI, the
age of the patients and the daily alcohol use
as a covariate revealed a statistically
significant change in the GM (F = 21.086,
df = 1, 170, p < 0.05 after adjustment) and
WM (F = 5.881, df = 1, 170, p < 0.05 after
adjustment) of the delirium group.
Table 4 shows the results of the GM
of the whole brain divided into eight areas.
The GM fraction of the delirium group was
significantly decreased in four brain areas,
i.e., the frontal lobe (F = 11.889, df = 1, 170),
temporal lobe (F = 27.840, df = 1, 170),
parietal lobe (F = 11.885, df = 1, 170), limbic
lobe (F = 24.484, df = 1, 170) and
cerebellum (F = 12.476, df = 1, 170), after
an adjustment by the Bonferroni correction
for the multiple comparison within the
components.
An ROC curve analysis was carried
out on the GM volume data in the brain area
in which there was a statistically significant
difference between the two groups to
evaluate the accuracy to predict delirium
after the operation (Table 5). The AUC value
of the temporal lobe (0.810) was relatively
higher than those of the other brain areas
(Figure 1A). The positive predictive and

negative predictive values of the temporal
lobe was 37.9 % and 93.6 %, respectively,
whereas the highest of each predictive
value was observed in the frontal lobe
(58.3%) and in the limbic lobe (95.6%).
(Figure 1B) shows scatter plots of
the brain volume and age in the temporal
lobe, showing the optimal cut-off levels
calculated by the ROC curve analysis. A
statistically significant correlation between
the brain volume and age was found in all
the subjects (r = -0.481, df = 1,173,
p < 0.001).

Discussion
The present study demonstrated
that the pre-evaluated brain GM volume of
the patients developed into the postoperative delirium was significantly
decreased compared to that of the agecontrolled nondelirium patients. The
reduction in the fraction of the GM volume
in the delirium patients was more
widespread than found in the previous
study (29), i.e., the cerebral cortices
including the frontal and parietal lobes and
the cerebellum, as the sample size of the
present study was increased by integration
with the new experiment of study 2. Thus, it
is likely that the morphological change in
the brain was associated with the incidence
of the postoperative delirium in the nondemented elderly patients.
The recent studies also suggested an
increased risk of delirium after the
operation was related to the changes in the
brain MRI characteristics of neurovascular
as well as of neurodegenerative alterations
5. 24 ~ 30, 37. The alterations in the neural
substrate in the white matter and gray
matter may be linked to the vulnerability of
the postsurgical delirium. The present study
provided further information about the
association between the decline in the GM
volume and the sensitive response to the
surgical procedures in the elderly. In
addition, the measurement of the absolute
brain GM volume by the Atlas-based method
subsequently produced a cut-off value to
predict the occurrence of delirium with a
moderate accuracy. The high-risk patients
that developed delirium could be
6
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discriminated by the level of the GM of the
brain region, such as the temporal lobe with
a positive predictive and negative predictive
values, 37.9 % and 93.6 %, respectively. The
division between the high and low-risk
patients before the elective surgery is
critical information for medical care
including the prevention procedure and an
early detection of the onset of delirium.
Moreover, the separation between them
may be required for the investigations of the
pharmacological and non-pharmacological
procedures in order to make an accurate
evaluation of the preventing effect.
The pathophysiology of delirium is
considered to be the widespread
disturbance of higher cortical functions 3, 5
as well as a changed functional connectivity
among the neural networks 4, manifesting
the main features regarding consciousness
and attention. The brain atrophic change in
the
non-demented
elderly
patients
observed in the present study was possibly
involved in the transient dysfunction for the
integration and processing of sensory
information and motor responses caused by
the stressful procedures during the periand post-operations 3. The decline in the GM
volume with a certain variation is observed
as a normal part of healthy aging in the
elderly (see Figure 1B) 38, 39, which probably
includes an age-related decrease in several
brain structural networks such as the
temporal lobe-related one 23. Advanced age
was one of the important risk factors for the
delirium after the cardiac surgery 1, 2, 7 ~ 11, 13,
15,16,18,19. Thus, the structural alteration in
the non-demented elderly patients could be
one of the important components
associated with the vulnerability to the
post-operative delirium.
In the recent studies after the
cardiac operation, the rates of the incidence
of developing delirium varied from
11.4 ~ 30.7 % (12 ~ 18). The rates of the
incidence also showed a variation from 22.6
(study 1) to 14.3 % (study 2) in the present
study. In addition, there was a subtle
Statistically discrepancy between both
studies regarding the pre-operative
variables with a statistically significant
difference based on the univariate

comparison test, i.e., body mass index,
hemodialysis, daily alcohol use, history of
delirium and MMSE. The multivariate
logistic regression analysis of the combined
patients demonstrated that daily alcohol
consumption and advanced age were
important risk factors of post-operative
delirium, in which the significant variables
based on the univariate comparison test. No
patients in the present study have a history
of alcohol abuse that can be a risk factor of
the post-operative delirium 1, 2, 11. As the
patients with a daily habit of alcohol
consumption did not have any history
developed to the level of misuse, it is
unlikely that the post-operative delirium in
the patients was attributed to the
withdrawal from an excessive intake of
alcohol. However, the daily alcohol use was
consequently taken into as one of the
covariates for the statistical analysis of the
MRI data.
All the MRI data of the patients were
spatially normalized to the standard brain
by a component of the VBM method, and
predefined ROI labeling of software was
applied to calculate the absolute brain
volume of a specific brain area. The large
variations in the brain structure of older
people
with
an
age-related
neurodegenerative process 37, 38 might lead
to a restriction in achieving the
normalization across subjects. In spite of
the difference in the subjects as well as of
the MRI measurements between studies 1
and 2, the fractions of the total intracranial
volume in the ROI, such as the temporal
lobe, were distributed without any clear
difference between the two studies (see
Figure 1B). An ROC curve analysis using the
data of the fractions generated a similar cutoff value for the discrimination between the
delirium and non-delirium groups in the
examined brain areas (data not shown).
In conclusion, the present study on
the cardiac operation provided information
that the atrophic brain change in the elderly
people without dementia may be associated
with the development. The cut-off value of
the brain volume subsequently generated
by the methodological procedure of the
present study would be useful to predict the
7
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high and low-risk patients to develop postoperative delirium before the surgery. The
discrimination of the patients is relevant to
the understanding and investigating
strategies to prevent patients from the
delirium. However, further studies using a

larger group of subjects after cardiac
operation as well as after non-cardiac
operations are required to generalize the
results of the present study, because the
number of patients in the present study was
still limited.

Table 2: Predictive factors of delirium after cardiac surgery resulting from the multivariate logistic
regression analysis
Variable
Age (per year)

Odds Ratio
1.140

95% Confidence interval
1.062 - 1.224

p value
0.000

Daily alcohol use

3.744

1.538 - 9.115

0.004

Variables with significantly different changes between the delirium group and the non-delirium
group (p < 0.05), i.e., age, handedness, hemodialysis, daily alcohol use and MMSE, were entered
into a backward stepwise logistic regression analysis requiring a p value less than 0.05 to
remain (Wald Chi- square test, df=1).
Table 3: Comparison of the total intracranial volume and the components between the delirium
group and the nondelirium group.
Delirium
( n=32 )
Total intracranial volume
(ml)
Gray matter
(%)
White matter
(%)
CSF space
(%)

Non-delirium
( n=143)

1371 ± 28

1324 ± 13

34.6± 0.46

37.0 ± 0.21

42.0 ± 0.53

40.6 ± 0.24

23.4 ± 0.48

22.4 ± 0.19

F value of ANCOVA
(p value)
2.198
(0.140)
21.086
(0.000)*
5.881
0.016)*
3.975
(0.048)

Data are expressed as mean ± SD. The volume of each component, i.e., gray matter, white matter
and CSF space, is expressed as a fraction (%) of the total intracranial volume. The comparison
was analyzed by ANCOVA with the age and daily alcohol use of the patients as well as the type of
MRI appliance as covariates. * The statistical significance level was set at a P value of < 0.0167
adjusted by the Bonferroni correction for the multiple comparison within the components.
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Table 4: Comparison of the entire brain areas between the delirium group and the nondelirium
group.
Delirium group
(n = 32)
(95% CI)

Brain Areas

Frontal lobe
Temporal lobe

9.023± 0.132
(8.763 - 9.283)
5.501 ± 0.092
(5.319 - 5.685)
4.278 ± 0.072

Parietal lobe

Non-delirium
group
(n = 143)
(95% CI)
9.515 ± 0.060
(9.396 - 9.636)
6.045 ± 0.042
(5.962 - 6.128)
4.557 ± 0.033
(4.492 - 4.622)

F value of ANCOVA
(p value)
11.188
(0.001)*
27.840
(0.000) *
11.885
(0.001)*

（4.135 - 4.421)
3.248 ± 0.056
3.354 ± 0.026
2.793
Occipital lobe
(3.137 - 3.360)
(3.303 - 3.404)
(0.097)
3.526 ± 0.050
3.803± 0.023
24.484
Limbic lobe
(3.427 - 3.625)
(3.758 - 3.848)
(0.000) *
2.887 ± 0.063
3.016 ± 0.029
3.563
Sub-lobal area
(2.758 - 3.008)
(2.959 - 3.073)
(0.061)
4.160 ± 0.106
4.570 ± 0.048
12.476
Cerebellum
(0.001)＊
(3.952 - 4.369)
(4.482 - 4.6724)
0.275 ± 0.006
0.284 ± 0.003
1.654
Brainstem
(0.262 - 0.287)
(0.278 - 0.290)
(0.200)
Data are expressed as mean ± SD. The volume of each brain area is expressed as a fraction (%) of
the total intracranial volume. The comparison between the groups and the estimation of 95 %
confidence interval were analyzed by ANCOVA with the age and sex of the patients as well as the
type of MRI appliance as covariates. * The statistical significance level was set at a P value of
< 0.00625 adjusted by the Bonferroni correction for the multiple comparison within the
components. CI: confidence interval.
Table 5: Data of ROC curve analysis in the brain areas for prediction of delirium after the
cardiac operation.

Brain area

Frontal lobe

AUC
(95% CI)
0.674 *
(0.599 - 0.742)

0.810 **
Temporal lobe (0.744 - 0.865)
Parietal lobe
Limbic lobe
Cerebellum

0.741 **
(0.670 - 0.805)

0.729 **
(0.657 - 0.794)

0.743 **
(0.671 - 0.806)

Optimal cut-off
value of brain
volume (%)

Positive
Sensitivity Specificity predictive
value (%)
(%)
(%)

Negative
predictive
value (%)

8.409

43.8

93

58.3

88.1

5.778

78.1

71.3

37.9

93.6

4.301

62.5

79

40.0

90.4

3.885

90.6

45.5

27.1

95.6

4.206

71.9

75.5

39.7

92.3
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After the analysis of the ROC curve, the optimal cut-off value of the brain volume for adequate
sensitivity and specificity was evaluated based on the Youden index. ROC; receiver operating
characterisitic: AUC; area under the curve: CI; confidence interval.
* p < 0.01, ** P < 0.0001.
Figure 1. Results of the gray matter (GM)
volume of the temporal lobe.
(A) ROC curve to predict delirium after a
cardiac operation. After calculation of
the AUC (0.810), the optimal cutoff
point was evaluated by the Youden
index. The arrows indicate the optimal
cutoff points of the temporal lobe (see
Tables 4&5).
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