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ABSTRACT 
Background. Postoperative delirium is especially common 
and often problematic among elderly patients undergoing 
surgery. This study aimed to explore factors that can predict 
postoperative delirium in elderly patients undergoing gastric 
cancer surgery.
Methods. This cohort study included 255 patients age 
75 years or older who underwent gastric cancer surgery 
between July 2010 and December 2020. All the patients 
underwent preoperative comprehensive geriatric assessment 
(CGA) evaluation by a geriatrician. In addition to the CGA 
items, this study investigated the association between post-
operative delirium and clinicopathologic factors, including 
Eastern Cooperative Oncology Group performance status 
(ECOG-PS).
Results. The most common postoperative complication 
was delirium, present in 31 patients (12.2%). The group 
with delirium was significantly more likely to have ECOG-
PS ≥ 2, diabetes mellitus, cardiovascular disease, or cerebral 

infarction. The CGA showed frailty in the Instrumental 
Activities of Daily Living scale (IADL), the Mini-Mental 
State Examination (MMSE), the Vitality Index (VI), and the 
Geriatric Depression Scale 15 (GDS-15). In the multivari-
ate analysis, the independent risk factors for delirium were 
ECOG-PS ≥ 2 (P = 0.002) and MMSE-frailty (P < 0.001). 
Using an MMSE score of ≤ 23 and an ECOG-PS score of 
≥ 2 as cutoffs, postoperative delirium was predicted with a 
sensitivity of 80.7% and a specificity of 74.1%.
Conclusion. Postoperative delirium might be more easily 
predicted based on the combination of MMSE and ECOG-
PS for elderly patients with gastric cancer undergoing 
gastrectomy.

Keywords Gastric cancer · Gastrectomy · Elderly 
patients · Comprehensive geriatric assessment · Delirium · 
Mini-Mental State Examination · Eastern Cooperative 
Oncology Group performance status

As the number of elderly individuals in the population 
increases, opportunities for elderly individuals to undergo 
surgery continue to increase. Postoperative complications 
are known to affect life expectancy, decrease quality of life, 
and prolong hospital stays.1–3 Elderly patients have been 
reported to experience postoperative complications even 
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more frequently than typical-age patients.4 Therefore, it is 
important to assess perioperative risks correctly in elderly 
patients.

However, with the increase in the number of elderly 
people, the degree of comorbidity and frailty among the 
elderly varies greatly from person to person, making it dif-
ficult to determine true frailty based on age alone. Thus, it 
is important to assess frailty in the elderly from multiple 
perspectives using the comprehensive geriatric assessment 
(CGA).5 The CGA has gradually gained worldwide accept-
ance since Rubenstein et al.6 first described it in 1984 as a 
tool to improve life and functional prognosis in the elderly.

The CGA is a multifaceted tool for assessing physical, 
psychological, and social aspects and comorbidities in 
elderly patients. Various studies have evaluated the impact 
of CGA on postoperative complications and mortality.7,8

Postoperative delirium is a known complication that often 
occurs in the elderly. The incidence of delirium after major 
non-cardiovascular surgery ranges from 13 to 50%.9 Post-
operative delirium also is associated with longer hospital 
stays, morbidity, mortality, and higher health care costs.10 
Furthermore, it has been reported that surgical patients with 
delirium experience cognitive decline. This impairment can 
persist up to 1 year after surgery.11 Because advances in 
gastric cancer treatment might lead to more elderly patients 
receiving postoperative chemotherapy or immunotherapy in 
the future,12,13 delayed postoperative recovery due to delir-
ium might have a negative impact on treatment. Therefore, 
it is crucial to assess the risk of postoperative delirium accu-
rately in elderly patients.

We previously reported on the association between 
postoperative delirium and CGA in elderly patients with 
esophageal or colorectal cancer,14,15 but to date, no studies 
have investigated elderly patients undergoing gastrectomy 
for gastric cancer. In addition, because the CGA has many 
items and requires evaluation by a geriatrician, it is time-
consuming and cumbersome. Therefore, development of a 
simpler and more effective method of predicting delirium 
is needed.

We have been performing routine preoperative CGA 
assessments by geriatricians for elderly patients with gastric 
cancer since July 2010. This study aimed to ascertain the 
most convenient and predictive factors of delirium, including 
individual components of the CGA and Eastern Cooperative 
Oncology Group performance status (ECOG-PS).

METHODS

Patients

This cohort study included consecutive patients age 75 
years or older who underwent gastrectomy for gastric can-
cer at Osaka University Hospital between July 2010 and 

December 2020. The study excluded patients who did not 
undergo CGA evaluation, failed to achieve R0 resection, 
or underwent local gastrectomy, subtotal esophagectomy, 
or concurrent surgery for another cancer. This study was 
approved by the institutional review board of Osaka Univer-
sity Hospital (certificate no. 13350T1-6).

Preoperative CGA 

The CGA was routinely performed for each patient before 
hospitalization or during the pre-surgical hospitalization 
period by a geriatrician from the Department of Geriatrics 
at Osaka University Hospital. The choice of assessment 
tools was based on several recent studies on the evaluation 
of geriatric patients undergoing surgery.14–16 In this study, 
the CGA consisted of five assessments: the Barthel Index 
and Instrumental Activities of Daily Living scale (IADL) 
was used to assess physical function. The Mini-Mental State 
Examination (MMSE), the Geriatric Depression Scale 15 
(GDS-15), and the Vitality Index (VI) were used to assess 
mental function.

The Barthel Index assesses activities of daily living 
(ADLs). It consists of 10 items (eating, transferring from a 
sitting position to bed, grooming, toileting, bathing, walking 
in the hallway, climbing stairs, dressing, fecal continence, 
and urinary continence) rated on a scale of 5 points (range, 
0–100), with higher scores indicating robustness.17 The 
IADL items are assessed at a higher level of function than 
ADLs and include five items for men (use of the telephone, 
shopping, transportation by car or public transportation, 
medication, and money management) and eight items for 
women (in addition to the five items for men, meal prepa-
ration, laundry, and ability to perform household tasks). 
Higher scores indicate higher function (range: 0–5 for men 
and 0–8 for women).18 The MMSE assesses cognitive func-
tion, with higher values indicating better function (range, 
0–30).19 The GDS-15 assesses depressive status, with 
lower values indicating better mood (range, 0–15).20 The 
VI assesses motivation (getting up, communicating, eating, 
toileting, and doing rehabilitation and other activities), with 
higher values indicating greater motivation (range, 0–10).

In this study, the term “frailty” was used for each CGA 
item below the cutoff. The GDS-15 cutoff for identifying 
frailty is ≥ 6 of 15. Any score other than perfect on the VI, 
IADL, or Barthel Index was considered indicative of frailty. 
The MMSE cutoff for frailty was set at ≤ 23 based on previ-
ous report.8

Eastern Cooperative Oncology Group Performance Status 
(ECOG‑PS)

The ECOG-PS parameters were 0 (ability to perform 
activities without any difficulty, 1 (limitations in performing 
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physically strenuous activities but ability to walk and engage 
in light work), 2 (ability to walk and perform all tasks within 
one’s surroundings but inability to perform hard work, 
spending more than 50% of the day out of bed), 3 (ability 
to perform limited tasks within one’s surroundings, spend-
ing more than 50% of the day in bed or a chair, 4 (complete 
inability to move, spending most of the day entirely in bed 
or a chair).21

Surgical Treatment

Gastrectomy type and extent of lymph node dissection 
were determined according to the Japanese Gastric Cancer 
Treatment Guidelines.22 Tumor staging followed the 15th 
edition of the Japanese Classification of Gastric Carcinoma.

Diagnosis of Postoperative Delirium and Other 
Complications

Delirium, characterized by altered consciousness with 
acute onset, inattention, and disorganized thinking,23 was 
diagnosed using the Confusion Assessment Method (CAM) 
algorithm. Two physicians from the Department of Geriatric 
Medicine with training in the CAM algorithm independently 
evaluated patients for delirium. The diagnosis of delirium 
was confirmed when patients met the delirium criteria in at 
least one CAM assessment, followed by consensus between 
the two physicians. Data were gathered from the day after 
surgery until the day before hospital discharge. Other post-
operative complications were evaluated according to the 
Clavien–Dindo (C–D) classification.24

Statistical Analysis

Associations between postoperative delirium and clinico-
pathologic factors were analyzed using the chi-square test 
for categorical variables and the Mann–Whitney U test for 
continuous variables. Variables that demonstrated statistical 

significance in the univariate analysis were included in a 
multivariate model to assess the risk of postoperative delir-
ium. Multiple logistic regression was performed to develop 
models for predicting the probability of postoperative delir-
ium. Odds ratios (ORs) for postoperative delirium were 
determined through multivariate analysis. Variables with a 
P lower than 0.1 in a univariate analysis were included in 
the multivariate analysis. Both ORs and corresponding 95% 
confidence intervals (CI) were calculated to show the effect 
of factors on delirium. Two-sided P values were calculated, 
and P values lower than 0.05 was considered statistically sig-
nificant. All analyses were performed with SPSS software, 
version 24.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Patient Characteristics and Postoperative Complications

During the study period, 386 patients age 75 years or 
older underwent gastric cancer resection. Due to scheduling 
issues, 93 patients were unable to undergo CGA evaluation 
by a geriatrician. Ultimately, 255 patients met the eligibility 
criteria (Fig. 1).

Patients’ background characteristics and short-term sur-
gical outcomes are shown in Table 1. The median age was 
79 years, and 72.9% of the patients were male. The study 
included 231 patients (90.6%) with ECOG-PS 0–1 and 24 
patients (9.4%) with ECOG-PS 2–3. The most common 
comorbidity was hypertension (39.6%), followed by diabe-
tes mellitus (21.2%). Among the study patients, 61.6% had 
cStage I disease and 1.2% had cStage IV disease.

Neoadjuvant chemotherapy was administered to 5.9% of 
the patients.

Open surgery was performed for 17.6% of the patients. 
All the others underwent laparoscopic or robot-assisted 
surgery. The most common type of gastrectomy was dis-
tal gastrectomy (66.3%), followed by total gastrectomy 
(17.6%). After surgery, 41 patients (16.1%) were admitted 

FIG. 1  Flow chart of patient 
eligibility for study inclusion

Enrolled patients (n=386)

Screened for eligibility (n=293)

Eligible patients (n=255)

No Comprehensive Geriatric Assessment evaluation (n=93)

Local resection (n=14)
Subtotal esophagectomy (n=4)

Duplication of other cancers (n=3)
Failure of R0 resection (n=17)

Full analysis set
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to the intensive care unit (ICU). Postoperative complica-
tions of C-D grade 2 or higher included pancreatic fistula in 
14 patients (5.5%), followed by intra-abdominal abscess in 
11 patients (4.3%). The median postoperative hospital stay 
was 16 days (range, 4–120 days), with 23 patients (9.0%) 
transferred to a rehabilitation hospital. Three patients (1.2%) 
died during postoperative hospitalization.

CGA Components

The interview and collection of information on CGA 
components required approximately 30 min. The distribu-
tion of scores for robustness and frailty for each CGA item 
is shown in Fig. 2. A perfect score on the Barthel Index 
indicated robustness for 210 patients (82.4%), and frailty 
was observed for 45 patients (17.6%). Regarding IADL, 
frailty was observed in 68 (36.6%) of the male patients 
and 29 (42.0%) of the female patients. The median MMSE 
score was 26 (range, 12–30), and 72 patients (28.2%) had a 
frailty score of 23 or lower. The median GDS-15 score was 
3 (range, 0–15), and 64 patients (25.1%) had a frailty score 
of 6 or higher. Regarding VI, 231 patients (90.6%) had a 
perfect score.

Adverse Events Due to Delirium

Postoperative delirium was observed in 31 patients 
(12.2%). The median day for diagnosis of postoperative 
delirium was postoperative day (POD) 1 (range, 1–3 days). 
The most common adverse event due to delirium was self-
removal of the nasogastric tube by seven patients (Table 2). 
In one case, accidental self-removal of an ileus tube resulted 

TABLE 1  Background characteristics of the study patients

Characteristic (n = 255)
n (%)

Age (years)
 Median 79
 Range 75–90

Sex
 Male 186 (72.9)
 Female 69 (27.1)

BMI (kg/m2)
 Median 22.0
 Range 14.3–30.5

ECOG-PS
 0 144 (56.5)
 1 87 (34.1)
 2 20 (7.8)
 3 4 (1.6)
 4 0 (0)

Comorbidity
 Hypertension 101 (39.6)
 Diabetes mellitus 54 (21.2)
 Hyperlipidemia 48 (18.8)
 Coronary heart disease 47 (18.4)
 Cerebrovascular disorder 37 (14.5)
 Respiratory dysfunction 27 (10.6)
 Neoadjuvant chemotherapy 15 (5.9)

Clinical stage
 I 157 (61.6)
 II 47 (18.4)
 III 48 (18.8)
 IV 3 (1.2)

ASA-PS
 I 40 (15.7)
 II 175 (68.6)
 III 40 (15.7)

Surgical procedure type
 Open 45 (17.6)
 Laparoscopic 180 (70.6)
 Robot-assisted 30 (11.8)

Type of gastrectomy
 Total 45 (17.6)
 Proximal 41 (16.1)
 Distal 169 (66.3)

Operative time (min)
 Median 268
 Range 116–632

Intraoperative blood loss (ml)
 Median 50
 Range 0–1950

Postoperative level of care
 General hospital room 169 (83.6)
 Intensive care unit 41 (16.1)

BMI, body mass index; ECOG-PS, Eastern Cooperative Oncology 
Group performance status; ASA-PS, American Society of Anesthesi-
ologists physical status

Table 1  (continued)

Characteristic (n = 255)
n (%)

Postoperative complication grade ≥ II
 Delirium 31 (12.2)
 Pancreatic fistula 14 (5.5)
 Intra-abdominal abscess 11 (4.3)
 Pneumonia 10 (3.9)
 Anastomotic leak 8 (3.1)

Postoperative hospital stay (days)
 Median 16
 Range 4–120

Discharge status
 Home 229 (89.8)
 Rehabilitation hospital 23 (9.0)
 Death 3 (1.2)
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in intestinal perforation and reoperation. In another case, 
urethral injury resulted from self-removal of a urethral cath-
eter. One patient removed an epidural anesthesia catheter. 
Another patient wandered around at night and accidentally 
fell, resulting in a contusion on his right hip.

Comparison of Peri‑ Postoperative Factors With 
and Without Postoperative Delirium

To predict postoperative delirium, we compared the 
association between postoperative delirium and periopera-
tive factors, including CGA (Table 3). In terms of patient 

background, the patients with and without postoperative 
delirium did not differ significantly in terms of age, sex, 
body mass index (BMI), presence of neoadjuvant chemo-
therapy, or cStage. The patients with ECOG-PS 2 or 3 were 
significantly more likely to have delirium (P < 0.001). By 
CGA component, the percentage of patients with frailty was 
significantly higher based on IADL (P = 0.004), MMSE (P 
< 0.001), GDS-15 (P < 0.001), and VI (P < 0.001) in the 
group with delirium than in the group without delirium, but 
there were no significant differences in the Barthel Index 
(P = 0.094).

A higher proportion of the group with delirium had diabe-
tes mellitus (P = 0.048), coronary heart disease (P = 0.047), 
and cerebrovascular disorder (P = 0.025) than the group 
without delirium. No significant differences in perioperative 
patient factors were found for American Society of Anes-
thesiologists physical status (ASA-PS), surgical procedure, 
gastrectomy type, operative time, admission to the ICU, or 
intraoperative blood loss. The postoperative hospital stay 
was significantly longer for the group with delirium than for 
the group without delirium (P < 0.001). A higher propor-
tion of patients with delirium died during the postoperative 
hospital stay (P = 0.026).

FIG. 2  Distribution of robustness and frailty scores for each com-
prehensive geriatric assessment (CGA) item. a The Barthel Index is 
rated on a scale of 5 points (range, 0–100), with higher scores indicat-
ing robustness. b The Instrumental Activities of Daily Living scale 
(IADL) includes 5 items for men and 8 items for women (range: 
0–5 for men, 0–8 for women), with higher scores indicating higher 
function. c The Mini-Mental State Examination (MMSE) is scored 

numerically (range, 0–30), with higher values indicating better func-
tion. d The Geriatric Depression Scale 15 (GDS-15) is scored numer-
ically (range, 0–15), with lower values indicating better mood. e The 
Vitality Index (VI) is scored numerically (range, 0–10), with higher 
values indicating greater motivation. The respective cutoffs for identi-
fying frailty were ≤23 of 30 on the MMSE, ≥6 of 15 on the GDS-15, 
and any score other than perfect on the VI, IADL, and Barthel Index

TABLE 2  Adverse events due to delirium

Delirium (n = 31)

Adverse events n (%)

Self-removal of nasogastric tube 7 (22.6)
Self-removal of ileus tube 1 (3.2)
Self-removal of urethral catheter 1 (3.2)
Self-removal of epidural anesthesia catheter 1 (3.2)
Fall 1 (3.2)
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Multiple Logistic Regression Analysis of Postoperative 
Delirium: Modeling and Predictors

Factors with a P value lower than 0.1 in the univariate 
analysis were chosen for inclusion in the multivariate analy-
sis. In the multivariate logistic regression analysis, ECOG-
PS 2–3 and MMSE-frailty were the only significant inde-
pendent predictors of postoperative delirium. The odds ratio 
was 6.59 (95% CI 1.98–21.9; P = 0.002) for ECOG-PS 2 or 
3 and 7.45 (95% CI 2.81–19.7; P < 0.001) for MMSE-frailty 
(Table 4). When an MMSE score of ≤ 23 and an ECOG-PS 
score of ≥ 2 were designated as the predictive cutoffs for 
delirium, sensitivity was 80.7%, and specificity was 74.1% 
(Table 5).

DISCUSSION

This is the first study to show that CGA and ECOG-PS 
are predictive of postoperative delirium in elderly patients 
undergoing gastrectomy for gastric cancer. Delirium was 
found to be the most common complication after gastrec-
tomy among elderly gastric cancer patients, occurring in 
12.2% of patients. The group with delirium was signifi-
cantly more likely to have ECOG-PS ≥ 2, diabetes mellitus, 
coronary heart disease, or cerebrovascular disorder. In this 
group, CGA showed frailty in IADL, MMSE, VI, and GDS-
15 items.

In the multivariate analysis, MMSE-frailty and ECOG-PS 
≥ 2 were independent risk factors for delirium. Postopera-
tive delirium was more strongly associated with the mental 
factor of MMSE than with the physical factor of each CGA 
item or the physical component of ECOG-PS, consistent 
with our previous reports.14,15 The finding that age, operative 

TABLE 3  Perioperative factors by postoperative delirium status

Characteristic Postoperative delirium P value

No Yes

(n = 224)
n (%)

(n = 31)
n (%)

Age (years) 0.309
 Median 79 80
 Range 75–90 75–90

Sex 0.950
 Male 163 (72.8) 23 (74.2)
 Female 61 (27.2) 8 (25.8)

BMI (kg/m2) 0.171
 Median 21.9 23.1
 Range 14.3–30.5 16.8–29.6

ECOG-PS < 0.001
 < 2 211 (94.2) 20 (64.5)
 ≥ 2 13 (5.8) 11 (35.5)

CGA 
 Barthel index-frailty 36 (16.1) 9 (29.0) 0.094
 IADL–frailty 77 (34.4) 19 (61.3) 0.004
 MMSE–frailty 49 (21.9) 23 (74.2) < 0.001
 GDS-15–frailty 47 (21.0) 17 (54.8) < 0.001
 Vitality index-frailty 15 (6.7) 9 (29.0) < 0.001

Comorbidity
 Hypertension 89 (39.7) 12 (38.7) 0.913
 Diabetes mellitus 43 (19.2) 11 (35.5) 0.048
 Hyperlipidemia 45 (20.1) 3 (9.7) 0.136
 Coronary heart disease 37 (16.5) 10 (32.3) 0.047
 Cerebrovascular disorder 28 (12.5) 9 (29.0) 0.025
 Respiratory dysfunction 23 (10.3) 4 (12.9) 0.663
 Neoadjuvant chemotherapy 14 (6.3) 1 (3.2) 0.470

Clinical stage 0.402
 I–II 181 (80.8) 23 (74.2)
 III–IV 43 (19.2) 8 (25.8)

ASA-PS 0.120
 I–II 192 (85.7) 23 (74.2)
 III 32 (14.3) 8 (25.8)

Surgical procedure 0.455
 Open 38 (17.0) 7 (22.6)
 Laparoscopic or robot-assisted 186 (83.0) 24 (77.4)

Type of gastrectomy 0.444
 Distal or proximal 183 (81.7) 27 (87.1)
 Total 41 (18.3) 4 (12.9)

Operative time (min) 0.364
 Median 267 281
 Range 116–608 170–632

Intraoperative blood loss (ml) 0.059
 Median 50 100
 Range 0–1950 5–1550

Postoperative return destination 0.293
 General hospital room 190 (84.8) 24 (77.4)

Table 3  (continued)

Characteristic Postoperative delirium P value

No Yes

(n = 224)
n (%)

(n = 31)
n (%)

 Intensive care unit 34 (15.2) 7 (22.6)
Postoperative hospital stay (days) < 0.001
 Median 16 20
 Range 4–83 8–120

Discharge status
 Rehabilitation hospital 17 (7.59) 6 (19.4) 0.054
 Death 1 (0.5) 2 (6.5) 0.026

BMI, body mass index; ECOG-PS, Eastern Cooperative Oncology 
Group performance status; CGA, comprehensive geriatric assess-
ment; IADL, Instrumental Activities of Daily Living scale; MMSE, 
Mini-Mental State Examination; GDS-15, Geriatric Depression Scale 
15; ASA-PS, American Society of Anesthesiologists physical status
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procedure, and ASA-PS are not predictors of postoperative 
delirium also is interesting and consistent with previous 
reports.14,25 For the prediction of postoperative delirium, use 
of an MMSE score of ≤ 23 or an ECOG-PS ≥ 2 as a cutoff 
resulted in a sensitivity of 80.7% and a specificity of 74.1%. 
These results suggest that postoperative delirium in elderly 
patients with gastric cancer might be more easily predicted 
by a combination of MMSE and ECOG-PS.

Delirium is a clinical diagnosis often unrecognized and 
overlooked.9 The main diagnostic features include acute 
onset and variable symptom course, inattention, impaired 
consciousness, and cognitive impairment.26 The CAM algo-
rithm is the method most widely used for identification. It 
is said to have a sensitivity of 94% and specificity of 89%. It 
is highly reliable.23 The CAM algorithm was used for diag-
nosis in this study.

The primary choice for managing delirium symptoms 
involves non-pharmacologic approaches such as tapering 
or discontinuation of psychotropic medications; address-
ing acute medical issues such as infection, dehydration, 

abnormal glucose metabolism, and malnutrition; and adjust-
ing circadian rhythms. The use of antipsychotic medications 
is recommended only for patients with severe agitation that 
might lead to treatment discontinuation.9,27 In this study, a 
multidisciplinary team consisting of geriatricians, psychia-
trists, and other specialists intervened immediately after 
the diagnosis of postoperative delirium. Of 31 patients, 7 
required haloperidol or another antipsychotic medication.

Consistent with previous reports, the group with post-
operative delirium in this study had a significantly longer 
hospital stay (P < 0.001).28 Therefore, avoiding delirium 
is not only a medical safety issue, but might also be a way 
to reduce medical costs due to hospitalization and to avoid 
ADL declines due to prolonged hospitalization.29 In addi-
tion, proper preoperative assessment of the risk for delirium 
might help surgeons explain the risks to patients and families 
and help families better understand the recovery process and 
potential outcomes.

In this study, the most common adverse event due to post-
operative delirium was self-extraction of tubes implanted 
in the body. Because the nasogastric tube is important as a 
drain and source of information about postoperative bleed-
ing, and because intragastric decompression can reduce 
stress on the anastomosis, self-removal of the nasogastric 
tube might have a negative impact on postoperative manage-
ment. Furthermore, in one case of ileus in this study, tube 
removal resulted in gastrointestinal perforation and reopera-
tion followed by death due to aspiration pneumonia. Such 
adverse events cannot be ignored in terms of medical safety.

It has been reported that postoperative delirium is pre-
ventable in 30–40% of cases.9 If patients at high risk for 
postoperative delirium are identified early, adverse events 

TABLE 4  Uni- and 
multivariate analyses of 
delirium

OR, odds ratio; CI, confidence interval; ECOG-PS, Eastern Cooperative Oncology Group performance sta-
tus; IADL, Instrumental Activities of Daily Living scale; MMSE, Mini-Mental State Examination; GDS-
15, Geriatric Depression Scale 15

Variable Category Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Age (years) ≥ 80 1.60 (0.75–3.42) 0.227 1.54 (0.59–4.04) 0.379
Sex Male 1.03 (0.44–2.42) 0.950 1.56 (0.51–4.80) 0.440
ECOG-PS ≥2 8.93 (3.54–22.5) < 0.001 6.59 (1.98–21.9) 0.002
Barthel index Frailty 2.14 (0.91–5.02) 0.081 0.52 (0.15–1.90) 0.727
IADL Frailty 3.02 (1.40–6.55) 0.005 1.21 (0.42–3.51) 0.727
MMSE Frailty 10.3 (4.33–24.4) < 0.001 7.45 (2.81–19.7) < 0.001
GDS-15 Frailty 4.57 (2.10–9.95) < 0.001 2.50 (0.90–6.95) 0.080
Vitality Index Frailty 5.70 (2.24–14.5) < 0.001 2.24 (0.62–8.11) 0.221
Diabetes mellitus Yes 2.32 (1.03–5.19) 0.042 1.89 (0.68–5.25) 0.225
Coronary heart disease Yes 2.41 (1.05–5.53) 0.038 1.67 (0.55–5.02) 0.365
Cerebrovascular disorder Yes 2.86 (1.20–6.84) 0.018 1.13 (0.35–3.70) 0.840
Intraoperative
blood loss

>50 ml 2.30 (1.04–5.10) 0.041 2.37 (0.89–6.33) 0.084

TABLE 5  Diagnostic value of Mini-Mental State Examination 
(MMSE) score ≤23 or Eastern Cooperative Oncology Group perfor-
mance status (ECOG-PS) score ≥2 for delirium

PPV, positive predictive value; NPV, negative predictive value

MMSE score ≤23 or 
ECOG-PS ≥2

Delirium

(−) (+)

(−) 166 6 Sensitivity 80.7%
Specificity 74.1%
PPV 30.1%
NPV 96.5%

(+) 58 25
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might be prevented via more comprehensive intervention 
by a multidisciplinary team that includes psychiatrists, 
geriatricians, nurses, and rehabilitation specialists.30

Regarding the prediction of postoperative delirium, 
several studies have investigated the usefulness of CGA 
for assessing the risk of postoperative complications in 
elderly patients. Yamamoto et al.14 reported that MMSE 
and GDS-15 are important for predicting preoperative 
delirium in patients with esophageal cancer. In addition 
to MMSE and GDS-15, Arita et al.15 reported that preop-
erative grip strength measurement is useful for predicting 
delirium in colorectal cancer. Thus, assessing the risk of 
delirium in advance and intervening might help reduce 
delirium. Indeed, it has been reported that in hip arthro-
plasty, a multidisciplinary preoperative CGA evaluation 
and intervention by a geriatrician can reduce the risk of 
postoperative delirium.31,32 Moreover, it also has been 
reported that preoperative administration of antipsychotic 
drugs reduces the incidence of delirium and has a positive 
effect on the severity and duration of delirium.33,34 There-
fore, appropriate identification of patients at high risk for 
postoperative delirium might allow for proactive thera-
peutic interventions and prevent delirium from occurring.

Although CGA is important for preoperative risk 
assessment for the elderly, in reality, not all hospitals have 
geriatricians on staff, and not all facilities perform CGA 
evaluation due to the time and cost involved. In fact, the 
CGA test in this study required approximately 30 min. Due 
to scheduling conflicts, 93 patients were unable to undergo 
CGA evaluation. Thus, if implemented as a routine pro-
cedure in all hospitals, it could be problematic in terms of 
time and human resources.

On the other hand, ECOG-PS is a very standard pre-
operative physical assessment tool, and many hospitals 
perform it routinely. The MMSE also is more convenient, 
requiring only approximately 10 min of evaluation by a 
non-expert geriatrician. Therefore, it is feasible to perform 
these two tests in a busy daily practice. They might be 
realistically feasible tools for predicting delirium.

This study had several limitations. First, because this 
was a retrospective study conducted at a single institution, 
it had some potential for bias. In the future, a prospective 
validation study will be conducted with a multidisciplinary 
team intervention for patients at high risk for postopera-
tive delirium.

Second, several other methods besides CGA can be 
used to assess surgical risk for elderly patients with can-
cer, but we have not evaluated or compared them.35,36 In 
the future, it is necessary to compare evaluation tools and 
search for the best evaluation method.

In conclusion, this study suggests that mental assess-
ment based on the MMSE among CGA items and physical 
assessment based on ECOG-PS might be important for 

predicting postoperative delirium in elderly patients with 
gastric cancer.
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