
1. Introduction

It is important to assess cognitive function using the appropri-

ate assessment scales.1 Traditional scales such as the Mini-Mental

State Examination (MMSE)2 or Alzheimer Disease Assessment Scale

(ADAS)3 have proved inadequate in detecting severe cognitive im-

pairment and decline, tending to show floor effects in patients with

severe dementia.4 Further, the lack of a reliable assessment tool has

also made it difficult to monitor the effectiveness of treatment in

severe dementia. To solve this problem, we previously developed

the Cognitive Test for Severe Dementia (CTSD), which is sensitive

enough to detect treatment efficacy.5

The CTSD has been evaluated as valid and reliable.5 In our pre-

vious study, we found cognitive improvement in four subjects with

severe dementia who exceeded the Minimal Detectable Change

(MDC) (over 4 points)6 among 40 subjects assessed for long-term

changes for twelve months after baseline assessment. Although

MMSE was measured simultaneously, none of the subjects exceeded

MDC of MMSE (over 3 points).7 In other words, by using a specialized

test such as CTSD for severe dementia, it is possible to detect im-

provements that are overlooked during clinical studies. Herein, we

discuss four cases of severe dementia wherein cognitive improve-

ment was appreciated due to the excellent sensitivity of the CTSD in

a daily clinical setting.

2. Cases

This case series study is a continuation of our previous study,5,6

spanning the period from April 2015 to March 2017.

We conducted a single-center observational study at three

time-points (baseline [the day a patient started rehabilitation] and

after 6 and 12 months from baseline) in a rural recuperation hospital

at Hyogo prefecture, Japan. Almost all patients had dementia of

varying severity and etiology, with approximately half having severe

disease. Major neurocognitive disorders were assessed and classi-

fied using the Diagnostic and Statistical Manual of Mental Disorders

5 (DSM-5). Most patients in this hospital would undergo rehabilita-

tion interventions (physiotherapy, occupational therapy, and speech

therapy) at least twice a week.

2.1. Identifying four cases that showed improved cognitive

function

At baseline, 161 severe dementia patients were assessed using

Clinical Dementia Rating (CDR). We excluded 121 who were dis-

charged, relocated, or died. The remaining 40 who could be followed

up over 12 months were divided into three groups based on their

MDC scores. The first group (n = 19) had worsened cognitive func-

tion, exceeding MDC of CTSD. The second group (n = 17) maintained

their cognitive function, with no change in the MDC. The third group

(n = 4), which was the focus of this study, only contained the patients

diagnosed with vascular dementia (VaD) and had improved scores,

exceeding the MDC. They showed no improvement in MMSE scores,

and their MMSE MDC was 3 points.9 Therefore, CTSD demonstrated

greater sensitivity than MMSE for severe dementia.

2.2. Ethical considerations

This study was approved by the ethics committee of Osaka Pre-
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Improvements in the cognitive function of patients with severe dementia may be overlooked if the tests

being used have low sensitivity. The Cognitive Test for Severe Dementia (CTSD) that we previously de-

veloped is sensitive to such changes. Here, we report four severe dementia subjects whose cognitive

function improved, assessed by CTSD as “Minimal Detectable Change” after one year of daily clinical

intervention. Comparably, their Mini-Mental State Examination scores remained unchanged. With

the use of a test tailor-made for severe dementia such as the CTSD, it is also possible to appreciate the

effects of daily clinical treatment and rehabilitation better and in greater detail. “Clinically significant

cognitive improvement can be quantified by devising interventions and outcome measures, even in

severe stage dementia”.

Copyright © 2021, Taiwan Society of Geriatric Emergency & Critical Care Medicine.

International Journal of Gerontology

journal homepage: http://www.sgecm.org.tw/ijge/

* Corresponding author. Osaka Prefecture University Graduate School of Comprehensive

Rehabilitation, 3-7-30 Habikino, Habikino-City, Osaka 5838555, Japan.

E-mail address: hytanaka@rehab.osakafu-u.ac.jp (H. Tanaka)



fecture University (2017-207). Written informed consent was ob-

tained from a family member of each participant.

2.3. Description of individual cases

2.3.1. Medical histories of cases

Case 1: An 84-year-old woman with cerebrovascular dementia

post right thalamic hemorrhage. Baseline assessment was performed

1085 days after hospital admission. She was prescribed warfarin,

amlodipine, and brotizolam. Her MMSE score was 1, and CTSD was

13. She was bedridden, needed complete assistance in activities of

daily living (ADLs), and was fed via gastrostomy.

Case 2: An 82-year-old man had cerebrovascular dementia post

right putaminal hemorrhage. He also had cerebral infarction ten

years earlier. Baseline assessment was performed 849 days after ad-

mission. He was prescribed aspirin, amlodipine, and brotizolam.

MMSE score was 4; CTSD was 9. Gastrostomy was used for feeding,

and he was fully assisted and bed ridden during the day.

Case 3: A 96-year-old woman had mixed multi-infarct dementia

with Alzheimer’s Disease (AD). She also had cerebral infarction and

subarachnoid hemorrhage five years earlier and AD diagnosis seven

years earlier. Baseline assessment was performed 1376 days after

admission. She was prescribed aspirin and amlodipine. MMSE score

was 1, and CTSD was 6. She was bedridden with restraints, needed

full assistance, and was fed by gastrostomy.

Case 4: An 87-year-old woman had cerebrovascular dementia

post multiple cerebral infarctions one year earlier. Baseline assess-

ment was performed 336 days after admission. She was prescribed

warfarin, amlodipine, and brotizolam. MMSE score was 11, and CTSD

was 23. She was bedridden, needed full assistance, but could con-

sume food orally.

For all four patients, baseline assessment was performed 911.5

� 440.1 (range: 336–1376) days after admission. All cases were pre-

scribed physiotherapy and/or occupational and/or speech therapy

for 20 minutes, four to six times a week.

One year later, the four subjects carried out more physical ac-

tivities with a therapist, and getting out of bed and oral feeding be-

came possible. During the study period, there were no significant

morbidities or changes in medication. There were no major changes

in medications.

2.3.2. Assessment scales

Table 1 shows the results of baseline assessment scales. Cog-

nitive function was assessed by MMSE and CTSD. The ability to carry

out ADLs was assessed using the Physical Self-Maintenance Scale

(PSMS), which showed the need for complete assistance in all ac-

tivities. The scores on feeding items among Cases 1, 2, and 3 all

improved 1 point from baseline. The behavioral and psychological

symptoms of dementia (BPSD) were assessed using the Neuro Psy-

chiatric Inventory-Nursing Home version (NPI-NH); it showed lower

neuropsychiatric symptoms in all cases except for case 3. Case 3 had

severe neuropsychiatric symptoms at baseline, and this score was

reduced from 33 to 17 points one year after. Nutritional status was

assessed using Mini-Nutritional Assessment-Short Form (MNA-SF),

which showed malnutrition in all cases. Comorbidities, assessed us-

ing the Charlson Comorbidity Index (CCI), were high to very high in

all cases due to cerebrovascular disorders and dementia. The MNA-

SF and CCI scores were unchanged after one year.

2.3.3. Summary of cognitive improvement among the four

cases

Figure 1 shows the cognitive improvement scores after one year

as measured on MMSE and CTSD for each case. Case 1: 1 to 2 points

(1-point increase) and 13 to 19 points (6-point increase); Case 2: 4

points to 2 points (2-point decrease) and 9 to 16 points (7-point in-

crease); Case 3: 1 to 2 points (1-point increase) and 6 to 10 points

(4-point increase); Case 4: 11 to 11 (unchanged) and 23 to 27 points

(4-point increase) (Figure 1).

3. Discussion

Improvement in cognitive function in severe dementia has not

yet been reported since the current cognitive tests are insufficient

for severe disease. To our knowledge, this is the first study to report

that cognitive function improvement is possible in four severe VaD

cases, as assessed by CTSD.

We believe that this is mainly due to the superior sensitivity of

the CTSD. First, regarding its sensitivity, the CTSD can measure a

wide range of cognitive domains and functionsin a short time, tai-

lored to the attentional resources of less severe dementia, and cap-

ture cognitive changes in more detail than existing cognitive tests.5,6

The present report proved that CTSD detected not only cognitive de-

cline but also detailed improvement.

Second, also interesting was that the clinical profiles of each of

the present cases were similar. They were all diagnosed with cere-

brovascular dementia, continued pharmacotherapy for cerebrovas-

cular disease, and improved daily mobility and eating performance

(except Case 4), shifting from gastrostomy to oral feeding. These

cases did not receive any novel therapeutic interventions but ex-

perienced cognitive improvement. Indeed, previous studies have

shown that cerebrovascular pharmacological intervention,8 an in-

crease in physical activity,9 and improving abilities to masticate and

eat orally10 improve cognitive function. Hence, using a test specifi-

cally for severe dementia, such as the CTSD, may also provide more

detailed insight into the effects of routine treatment and rehabilita-

tion that may have been previously masked.

Recently, therapeutic applications of Transcranial Magnetic

Stimulation (TMS) for cortical plasticity in AD have also been re-

ported.11 Related studies have investigated cortical plasticity and

neuropsychological tests,12 and it has been reported that cortical

plasticity is strongly associated with reduced cognitive impairment.13

Patients with severe dementia have a low possibility of improving

cognitively, and thus, are redirected to end-of-life care and generally

excluded from clinical studies aimed at improving cognition. Com-
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Table 1

Baseline assessment of the cases.

Case Age Type Sex Age Date of hospitalization MMSE CTSD PSMS NPINH MNASF CCI

1 84 y VaD Female 84 1085 1/30 13/30 12/30 3/144 8/14 4/37

2 82 y VaD Male 82 0849 4/30 09/30 10/30 1/144 7/14 3/37

3 96 y Mixed Female 96 1376 1/30 06/30 08/30 33/1440 7/14 5/37

4 87 y VaD Female 87 0156 11/300 23/30 14/30 3/144 8/14 6/37

MMSE = Mini Mental State Examination, CTSD = Cognitive Test for Severe Dementia, PSMS = Physical Self-Maintenance Scale (PSMS), NPI-NH = Neuro

Psychiatric Inventory-Nursing Home version, MNA-SF = Mini Nutritional Assessment-Short form(MNA-SF), CCI = Charlson Comorbidity Index.



bining the use of TMS with tests such as CTSD as an outcome mea-

suremay broaden the range of disease severity to be covered.

4. Conclusion

Clinically significant cognitive improvement can be quantified

by devising interventions and outcome measures, even in severe de-

mentia.
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Figure 1. Changes of the MMSE and CTSD scores over a 12-month period. The MMSE scores remained unchanged while the CTSD scores improved by 6, 7, 4 and

4 points for cases 1–4 respectively. Abbreviations: MMSE = Mini-mental State Examination; CTSD = Cognitive Test for Severe Dementia.


