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Abstract
Background: Postoperative delirium (POD) is a transient 
postoperative complication that occurs after surgical proce-
dures. Risk factors reported for POD include dementia and 
cognitive decline. The purpose of this study was to identify 
predictors of POD by examining the use of preoperative neu-
ropsychological tests, including the Mie Constructional 
Apraxia Scale (MCAS), and patient background factors. 
Method: The study was performed as a retrospective cohort 
study. The subjects were 33 patients (mean age, 75.8 ± 10.9 
years; male:female ratio, 26:7) who underwent gastrointesti-
nal surgery at Matsusaka City Hospital between December 
2019 and April 2021. Data were collected retrospectively 
from medical records. The study was started after receiving 
approval from the institution’s ethics committee. The survey 

items included general patient information, nutritional as-
sessment, surgical information, and neuropsychological 
tests. Subjects were classified into 2 groups according to the 
presence or absence of POD. If a significant difference was 
observed between the 2 groups, the sensitivity, specificity, 
and area under the curve were calculated using a receiver 
operating characteristic (ROC) curve. Result: There were 10 
patients in the POD group (male:female ratio, 6:4) and 23 pa-
tients in the non-POD group (20:3). The POD group had a 
shorter education history (p = 0.047) and significantly higher 
MCAS scores (p = 0.007) than the non-POD group. The ROC 
curve showed a sensitivity of 90%, a specificity of 69%, and 
an area under the curve of 0.798 when the MCAS cutoff value 
was set at 3 points. Conclusion: Preoperative MCAS results 
were capable of predicting the occurrence of POD after gas-
trointestinal surgery. In addition, a relatively short education 
background was also considered a risk factor for POD.
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Introduction

Postoperative delirium (POD) is an acute brain dys-
function that occurs after surgery. POD causes impair-
ment of consciousness, cognitive function, perception, 
and attention. It usually develops acutely during the early 
postoperative period extending to a few days after surgery 
[1]. POD in the elderly has various negative effects, such 
as prolonged hospitalization and a decline in physical and 
cognitive functions [1]. The impact of POD on the elder-
ly is significant and an important issue.

Delirium has been reported to be a risk factor for de-
mentia and cognitive decline in the elderly [2]. POD has 
also been reported to be associated with the possibility of 
background dementia [3] and even increased mortality 
[4]. The effects may persist even after the symptoms dis-
appear. There are various risk factors for POD. Risk fac-
tors include age, education, cognitive decline, visual or 
hearing impairment, emergency hospitalization or sur-
gery, alcoholism, drug abuse, electrolyte abnormalities, 
chronic kidney disease, low nutrition, and frailty [5]. A 
variety of risk factors are considered to be capable of pre-
dicting POD before surgery. However, the performance 
of lengthy evaluations and tests prior to surgery can be 
difficult.

Cognitive decline is one of the risk factors for the de-
velopment of POD. Previous studies using neuropsycho-
logical tests have been scattered. One study used the 
Hasegawa’s Dementia Scale-Revised (HDS-R) [6] and the 
Kana pick-out test [7], which are widely used in Japan for 
screening of cognitive decline. In that study, a low score 
on the Kana pick-out test was reported to be a risk factor 
for POD [8]. Another study used the Mini-Mental State 
Examination (MMSE) [9], which is widely used around 
the world [10]. In that study, preoperative MMSE scores 
below the cutoff value (cutoff, 24 points) were reported to 
be a risk factor for POD.

The Necker Cube Copying test is a neuropsychological 
test that is rated according to the shape that is drawn. The 
Necker Cube Copying test is useful for detecting con-
structional apraxia, which is one of the higher brain dys-
functions that can occur after cerebrovascular disease 
[11]. In addition, previous studies have reported that the 
Necker Cube Copying test is useful for detecting cogni-
tive decline [12]. In 2016, Satoh et al. [13] improved the 
assessment of the Necker Cube Copying test and created 
the Mie Constructional Apraxia Scale (MCAS) (Fig. 1). 
The MCAS differs from previous methods because it 
evaluates not only the shape but also the process and time 
required for copying. The MCAS assessment is easy and 

takes only a minute or two to complete. Compared with 
conventional scoring methods, this method is more sen-
sitive for detecting constructional apraxia and cognitive 
decline. Although cognitive decline is known to be a risk 
factor of POD, the performance of examination which 
requires a long time is difficult prior to surgery. If a test 
that can be easily performed at bedside and is sensitive to 
the development of POD, this test could be useful for pre-
venting the occurrence of POD and planning its care. In 
this study, we examined preoperative factors capable of 
predicting the onset of POD in a retrospective manner 
based on medical records.

Materials and Methods

The study design was a single-center retrospective observation-
al study. The subjects were patients who had been admitted to our 
Gastroenterology Department for surgical resection between De-
cember 2019 and April 2021. Forty-three patients had completed 
a preoperative intervention performed by a speech-language-hear-
ing therapist (ST). Thirty-three study participants (mean age, 75.8 
± 10.9 years; male:female ratio, 26:7) did not meet any of the fol-
lowing exclusion criteria: (1) MMSE ≤ 23 points; (2) active cere-
brovascular disease, neurological disease, and a history of demen-
tia; (3) performed as emergency surgery; and (4) rejection. The 33 
participants were classified into 2 groups according to the presence 
or absence of POD (Fig. 2).

The survey items included general patient information such as 
age, sex, BMI, number of days in the High Care Unit, education 
history, and medical history. As neuropsychological tests, the 
MMSE and MCAS were performed. Surgical information was col-
lected from the surgical and medical records of the surgeons. Sur-
gical information was evaluated for preoperative systolic blood 
pressure, diastolic blood pressure, pulse, operative time, operative 
procedure (open/laparoscopic), presence of complications, C-re-
active protein measured on days 1 and 3 postoperatively, operative 
site, and malignancy. The Geriatric Nutritional Risk Index (GNRI) 
[14] was evaluated as a nutritional assessment. The GNRI was cal-
culated using the formula (14.89 × Alb) + 41.7 × (BW/IBW). Using 
the collected data, the study was started after receiving approval 
from the Ethics Committee of Matsusaka Municipal Hospital.

The MCAS is scored using a 12-point scale, with a lower score 
indicating a lower degree of disability. The time required for the 
test was also measured, and the shorter the time required, the low-
er the degree of impairment. The MCAS is simple to perform and 
can be easily assessed in clinical settings even by nonspecialists of 
neurology or psychiatry. Assessment of the drawing process can 
also detect mild constructional apraxia caused by various cognitive 
deficits, such as visuospatial, executive, and attentional processing.

The definition of POD used in this study was the same as that 
used in previous studies [15]. A patient was diagnosed as having 
POD when he/she showed one or more following symptom(s) 
temporarily after surgery: (1) wandering, (2) self-removal of injec-
tion routes, (3) visual hallucinations, (4) auditory hallucinations, 
and (5) abnormal excitement. These symptoms were confirmed by 
several persons including physical therapists, occupational thera-
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pists, and ST. In addition, the contents were discussed in a confer-
ence with the ward nurses and were confirmed by the attending 
physician. The above process was used to diagnose POD.

For the statistical analysis, group comparisons were examined 
using the χ2 test and the Mann-Whitney U test. If significant dif-
ferences in the neuropsychological tests were observed between 
the 2 groups, the sensitivity, specificity, and area under the curve 
(AUC) were determined using the receiver operating characteris-
tic curve (ROC curve). We used SPSS Ver. 25 (IBM, Chicago, IL, 
USA) as the statistical analysis software.

The patients’ data were not used for any purposes other than 
the presently reported research. All personal data were processed 
quantitatively in a manner such that individuals could not be iden-
tified. This study was conducted after obtaining approval from the 
Ethics Committee of Matsusaka Municipal Hospital (Approval 
No. J-131-210514-1-1), and it was performed in accordance with 
the Helsinki Declaration of 1975. In addition, this study was con-
ducted in accordance with the Ethical Guidelines for Medical and 
Health Research Involving Human Subjects of 2021.

Evaluation of the shape according to the Strub & Black score (2000)

The subject did NOT complete the front or the upper face.1 1

Name:
Date:

Order Yes

0

No

y.o.age: sex:

Check points

Closing-in phenomenon was observed.2 1 0

The subject drew inside the lines, before he/she completed the external form.3 1 0

Longitudinal sides were of different length (including those that the subject drew
more than once). (*1)  ◦ 

4 1 0

Horizontal sides were of different length (including those that the subject drew
more than once). (*2)  ◦ 

5 1 0

The subject drew an outline which extended over several faces.6 1 0

The subject hesitated and stopped drawing at the cross-points of inner and
anterior sides. (*3)  ◦

7 1 0

The subject could not complete his/her drawing, and drew more than once. (*4)  ◦8 1 0

Presence of undrawn side(s) (including when a side was incomplete).9 1 0

If the side was shifted from the apex but the subject did NOT correct it
(especially the right bottom apex).

10 1 0

Interruption beyond five seconds.11 1 0

Subjects needed more than one minute to finish the drawing.12

Instruction: 

Examples of drawings:
Normal pattern
The subject drew
the inner sides
after he/she
completed the
external form of
the cube.

Copy this figure as correctly as possible.
We would like to record your drawing by video camera for later assessment.

1 0

Total /12

Time min sec

Fig. 1. Mie Constructional Apraxia Scale.
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Results

After surgery, wandering was observed in 2 cases, self-
removal of injection routes was observed in 5 cases, vi-
sual and auditory hallucinations were observed in 7 cases, 
and abnormal excitement was observed in 8 cases (some 
patients exhibited multiple features). POD was confirmed 
in 10 cases. POD appeared on the first postoperative day 
in 8 patients and on the second postoperative day in 2 pa-
tients. All the patients’ conditions had improved by post-
operative day 6 (mean duration of POD, 2.3 ± 1.6 days).

Comparisons were made between the POD group and 
the non-POD group. The results showed that the POD 
group had a significantly shorter education history (p = 
0.047). In addition, there was a tendency for patients in 
the POD group to be female (p = 0.082) and to have a his-
tory of dyslipidemia (p = 0.053). No significant differ-
ences in age; hospital stay; BMI; length of high care unit 
stay; presence of cerebrovascular disease, cardiac disease, 
hepatic disease, renal disease, respiratory disease, or dia-
betes; history of hypertension; smoking or alcohol con-
sumption; or GNRI were seen between the 2 groups (Ta-
ble 1).

In terms of surgical information, no significant differ-
ences in preoperative systolic blood pressure, diastolic 
blood pressure, pulse, operative time, operative tech-

nique (laparotomy or laparoscopy), postoperative com-
plications, postoperative CRP level, or operative site were 
seen. The results of the neuropsychological tests showed 
no significant differences in the MMSE scores or the 
MCAS time. However, a significant difference in MCAS 
scores was seen between the 2 groups (p = 0.007) (Ta-
ble  2). The ROC curve was examined for the MCAS 
scores. As a result, the sensitivity, specificity, and AUC 
were calculated to be 90%, 69%, and 0.798, respectively, 
for an MCAS cutoff value of 3 (Fig. 3).

Discussion

The findings of this study can be summarized as follows: 
(1) the MCAS score was identified as a factor that could 
predict the occurrence of POD, (2) the MCAS cutoff value 
for predicting POD was calculated to be 3, and (3) a shorter 
education history was extracted as a risk factor for POD. 
The preoperative MCAS score was shown to be a predictor 
of the development of POD. Baranowski et al. [16] admin-
istered a test of constructional apraxia that could be easily 
administered at bedside to psychiatric inpatients. As a re-
sult, they reported that the presence of dysgraphia and con-
structional apraxia was predictive of the occurrence of de-
lirium. Cognitive decline is a risk factor for POD. Oldham 

Admitted to gastrointestinal surgery for surgical excision
Cases with preoperative and ST intervention potential
Matsusaka Municipal Hospital 2019.12.1 ~ 2021.4.30

(n = 43)

Exclusionary criteria
・ MMSE ≤ 23（n = 1）
・ Active cerebrovascular disease, neurological disease,
 and a history of dementia（n = 2）

・ Emergency surgery（n = 3）
・ Reject（n = 4）

Neuropsychological test

Surgery

Non-POD
(n = 23)

The subject（n = 33）
Classified into two groups according to the presence

or absence of POD

POD
(n = 10)

Fig. 2. Flowchart.
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Table 1. Results of comparison of general patient information, medical history, and nutritional assessment in non-
POD and POD groups

Overall (n = 33) Non-POD (n = 23) POD (n = 10) p value

General patient information
Age, years 75.8±10.9 73.9±12.4 80.3±3.7 0.188
Gender (M/F) 26/7 20/3 6/4 0.082
Hospital days 31.7±21.7 30.8±22.3 33.7±21.2 0.570
BMI, kg/m2 21.9±3.0 21.8±2.9 22.1±3.3 0.969
Education, years 11.0±2.3 11.5±2.4 9.9±1.4 0.047
HCU in room, days 1.0±0.0 1.0±0.0 1.0±0.0 1.000

Past history (people), n (%)
Cerebrovascular disease 4 (12) 2 (9) 2 (20) 0.361
Cardiac disease 11 (33) 7 (30) 4 (40) 0.592
Liver disease 0 (0.0) 0 (0.0) 0 (0.0) 1.000
Renal disease 1 (3) 1 (4) 0 (0.0) 0.503
Respiratory disease 10 (30) 7 (30) 3 (30) 0.466
Diabetes 11 (33) 8 (35) 3 (30) 0.789
Hypertension 14 (42) 8 (35) 6 (60) 0.178
Dyslipidemia 18 (55) 10 (43) 8 (80) 0.053
Smoking history 21 (64) 15 (65) 6 (60) 0.280
Drinking history 15 (45) 10 (43) 5 (50) 0.730

Nutritional assessment
GNRI (points) 94.2±9.7 94.0±9.2 94.7±11.2 0.891

BMI, body mass index; HCU, high care unit; GNRI, geriatric nutritional risk index.

Table 2. Comparative results of surgical information and neuropsychological tests in non-POD and POD groups

Overall (n = 33) Non-POD (n = 23) POD (n = 10) p value

Surgery information
Operating time, minutes 328.7±174.5 311.7±157.2 367.8±212.6 0.969
Procedure (open/laparoscopic) 23/10 17/6 6/4 0.424
Complications (have/none) 11/22 7/16 4/6 0.592
Postoperative day 1 CRP, mg/L 7.8±3.8 7.8±3.7 7.9±4.1 0.769
Postoperative day 3 CRP, mg/L 11.2±6.1 11.1±6.5 11.3±5.4 1.000
Systolic blood pressure, mm Hg 115.5±15.0 113.0±13.2 121.5±17.8 0.308
Diastolic blood pressure, mm Hg 68.1±9.9 66.8±9.3 71.2±11.2 0.264
Pulse rate (times) 67.9±9.5 68.4±9.2 66.9±10.1 0.596

Surgical site (people), n (%)
Stomach 11 (33) 6 (26) 5 (50) 0.181
Pancreas 8 (24) 5 (22) 3 (30) 0.611
Colon 12 (36) 10 (43) 2 (20) 0.198
Others 2 (6) 2 (9) 0 (0) 0.336
Malignant tumor 30 (91) 20 (87) 10 (100) 0.231

Neuropsychological examination
MMSE (point) 27.4±1.9 27.5±1.8 27.2±2.1 0.795
MCAS (point) 3.0±2.2 2.4±2.2 4.4±1.6 0.007
MCAS (time) 40.0±16.3 37.7±16.4 45.3±13.9 0.227

MMSE, Mini-Mental State Examination; MCAS, Mie Constructional Apraxia Scale.
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et al. [17] reported that mild cognitive impairment (MCI) 
was extracted as a risk for developing POD after coronary 
artery bypass surgery. Shimada et al. [12] also reported that 
the Necker Cube Copying test was useful for predicting 
MCI. MCAS has been reported to be correlated with intel-
ligence, memory, and frontal lobe function tests [13]. These 
previous studies suggest that a preoperative MCAS could be 
used to assess mild cognitive decline that is not yet apparent 
in daily living. Therefore, application of the MCAS might 
be useful for predicting the occurrence of POD.

In the present study, the MCAS cutoff value for pre-
dicting POD was 3 points. Thirteen patients were below 
the cutoff value (delirium group, 8; nondelirium group, 
5). Satoh et al. [13] previously reported that the MCAS 
cutoff for determining constructional apraxia was be-
tween 2 and 3 points. Thus, the results of the present 
study were consistent with those of previous studies.

As far as we know, the only study to investigate the re-
lationship between POD and brain activity was reported 
by Fong et al. [18]. They used SPECT to evaluate cerebral 
blood flow in 22 patients with hypoactive delirium. The 
results showed that all the patients had decreased cortical 
blood flow, and one of them had both right occipital hy-
poperfusion and left frontal hyperperfusion. The Necker 
Cube Copying test is based on the functional associations 
of the occipital, parietal, and frontal lobes. The MCAS can 
assess frontal lobe functions, such as executive functions, 

by evaluating the drawing process. The possibility that the 
MCAS, which scores these functions, showed a signifi-
cant association was considered.

The results of the present study examining general pa-
tient information showed that the delirium group had a sig-
nificantly shorter education history. Many reports have de-
scribed an association between delirium and a shorter edu-
cation history. Sprung et al. [19] conducted a factor analysis 
of POD in patients who underwent various surgeries. The 
study reported that a shorter education history was a risk 
factor for POD. Martins et al. [20] also investigated deliri-
um in patients admitted to the ICU. Their results indicated 
that a short education history was also a risk factor of POD. 
The present study was congruent with the results of previ-
ous studies mentioned above. The present study had some 
limitations. First, this was a retrospective cohort study. Sec-
ond, the number of eligible patients was small. In the future, 
prospective studies are needed to determine whether MCAS 
can really predict POD. Significant trends for characteris-
tics that have not been previously reported were observed 
in the POD group, such as a higher incidence among wom-
en and the presence of dyslipidemia. It is possible that there 
was a case bias in the results of this study.

It is also possible that the POD occurred in patients 
who were already suspected of having cognitive decline 
before the surgery. We cannot deny the possibility of var-
ious biases.

In future studies, larger numbers of cases and the re-
moval of possible biases will be needed. Third, the current 
study did not examine brain imaging and did not rigor-
ously rule out the possible involvement of intracranial 
disease related to the development of POD. Brain imag-
ing studies would provide a more reliable diagnosis of 
POD and would enable comparisons with the results of 
neuropsychological tests. In this study, however, all the 
patients’ POD symptoms improved, and it is unlikely that 
they had organic intracranial diseases. Finally, neuropsy-
chological tests other than the MMSE and MCAS were 
not available in this study. The results of this study sug-
gest that neuropsychological tests that assess frontal lobe 
function and mild cognitive decline may also be able to 
predict POD. A larger cohort study and the comparison 
of the results of MCAS with another neuropsychological 
test are needed. The usefulness of POD prediction should 
then be examined in more detail.

Despite these limitations, the present study indicates 
that preoperative MCAS may be useful for predicting the 
development of POD. The evaluations and tests whose 
performances need much time are difficult to be per-
formed before surgery. The MCAS, however, can be eas-
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Fig. 3. ROC curve results for MCAS point. AUC: 0.798, sensitivity: 
90%, specificity: 69%, and cutoff: 3. ROC curve, receiver operating 
characteristic curve; AUC, area under the curve.
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ily performed at bedside and takes only a few minutes to 
complete. POD is correlated with a variety of negative 
factors, including postoperative mortality, functional de-
cline, increased hospital stays, and higher medical costs 
[21]. Delirium also increases the burden on hospital staff 
[22]. If POD can be predicted simply by applying the 
MCAS before surgery, it might be possible to prevent 
POD or to take appropriate care. Given these advantages, 
the findings of this study are notable.

Conclusion

This study retrospectively examined the prediction of 
POD based on medical records. The results showed that 
the MCAS might be useful for predicting POD. In the fu-
ture, a prospective study examining a larger number of 
cases is needed.
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