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Abstract

The School of Graduate Studies,
The Open University of Japan

Yukiko Sato

Cognitive function and recovery process after subarachnoid hemorrhage
(SAH).

- Neuropsychological evaluation in the acute phase of SAH -

Currently, Japan's population decline is accelerating due to the low
birthrate and aging population. In terms of causes of death, infectious
diseases such as tuberculosis and pneumonia accounted for many deaths
before World War II, but after the war, malignant neoplasms, cardiac diseases,
and cerebrovascular diseases have become the leading causes of death due to
the increase in lifestyle-related diseases. Measures against lifestyle-related
diseases have led to a decrease in cerebrovascular diseases, especially
cerebral hemorrhage. On the other hand, it is noted that the number of
patients and mortality rates for both cerebral infarction and subarachnoid
hemorrhage have passed at the same level with little downward trend. In
addition, the treatment course of cerebrovascular diseases is longer than that
of malignant neoplasms and cardiac diseases, and the proportion of patients
who become bedridden is on the rise, making the burden on medical costs a
social problem.

Among cerebrovascular diseases, subarachnoid hemorrhage (SAH) has the
highest fatality rate, with approximately 50% of patients dying at the time of
initial onset. However, higher brain dysfunction is now being considered with
a view to quality of life. However, most studies have focused on the chronic
phase of the disease after 6 months of onset, and there are no reports in Japan
that cover the acute phase immediately after onset to the subacute phase or

the recovery phase up to 6 months after onset. There are no reports on higher



brain function at 1-month post-onset, when SAH patients who can survive
are discharged from the hospital, and there are no established indicators to
judge whether they can return to their daily lives and society after discharge
from the viewpoint of higher brain dysfunction.

Therefore, the purpose of this study was to understand higher brain
function after SAH based on the substructure of higher brain function that
may appear in the acute phase through neuropsychological evaluation, and
to clarify the recovery process of the disorder. In addition, neuropsychological
tests that are effective in the evaluation of higher brain functions from the
acute phase are discussed.

Chapter 1 presents the purpose of this study considering the research
background and existing research results.

Chapter 2 summarizes the selection of neuropsychological tests conducted
to quantify each cognitive function in understanding higher brain dysfunction
that may appear in the acute phase. The neuropsychological tests to be
conducted on acute cases with unstable disease or physical condition were
selected based on the characteristics of each test and the results of its use in
the evaluation of higher brain function for SAH cases reported in the past, its
widespread use in Japan, its ability to be conducted without limiting the
location, the few tools used in the test, the simplicity of teaching and
expressing methods, and the short time required for the test. The selection
was based on the following conditions: (1) the test is widely used in Japan, (2)
it can be performed without limiting the location, (3) there are few tools used,
and (4) the teaching and expression methods are simple and can be completed
in a short time.

Chapter 3 was designed to identify higher brain dysfunction at 1 month
after the onset of SAH, when discharge from the hospital was being
considered.

The subjects were cases with mild to moderate severity (Hunt & Kosnik
grade) on admission. The patients were retrospectively evaluated based on
their medical records, including age, gender, Hunt & Kosnik grade, imaging
findings on admission (Fisher grade), location of the source of hemorrhage
(cerebral aneurysm), treatment method, whether a shunt was performed
within the first month after onset, whether late cerebral ischemia was
detected, and other characteristics, as well as the presence of a modified the
results of the neuropsychological examination were also examined. The
results showed no differences in the characteristics of the subjects, but the

results of the neuropsychological tests showed that the older the subjects



were, the lower their performance on the neuropsychological tests, and that
the group with disability had significantly lower performance than the group
without disability. In addition, all patients remained lower than those in the
pseudo-normal group. Only Hunt & Kosnik grades were found to be
associated with mRS at 6 months post onset. Although many previous studies
have reported an association between Acom group and memory impairment,
neuropsychological evaluation at 1 month onset revealed no cases of memory
impairment alone, and no differences according to the location of the cerebral
aneurysm. These findings suggest that even if general cognitive (intellectual)
function exceeds the cutoff point at 1 month, patients are discharged from the
hospital without fully recovering attention and executive function. In addition,
memory impairment was thought to be more a function of the individual who
sustained the brain injury, such as the effects of surgical manipulation and
hemorrhage, than of the site of aneurysm onset.

Chapter 4 examined higher brain functions and the recovery process from
1 month to 1 year after SAH onset.

The subjects were 12 patients who could be followed for 1 year after the
onset of SAH. The medical records were retrospectively analyzed for
characteristics such as age, gender, Hunt & Kosnik grade, imaging findings
on admission (Fisher grade), location of the source of hemorrhage (cerebral
aneurysm), treatment method, whether shunting was performed within the
first month after onset, whether delayed cerebral ischemia was observed, and
the modified Rankin Scale (mRS) at 6 months after onset, and the results of
neuropsychological testing at 4 time points (1 month, 3 months, 6 months,
and 1 year) conducted in conjunction with outpatient care were compared
between the 2 groups: no impairment by mRS (mRS 0 to 1) and impairment
(mRS 2 to 6). The results showed that the characteristics of the subjects did
not differ between the two groups. Neuropsychological test results, which
followed the course of the disease, showed improvement with and without
disability at 6 months after onset. General cognitive (intellectual) function
had already reached the normal range at 1 month and was maintained
thereafter. Attention and executive function remained low-performing after
one year. In particular, the cutoff point non-achievement rate was low for the
Trail Making Test (TMT), the kana-picking test, and the Kanji color-coding
test. In terms of memory function, the patients who performed poorly on all
neuropsychological tests did not improve their memory test results after one
year, whereas those who performed poorly only on memory showed

improvement while the study. Thus, the patients' attention and executive



function were still recovering after one year, and further follow-up is needed.
The TMT, the kana-picking test, and the Kanji color-coding test were effective
in assessing attention and executive function. In addition, while memory
function did not improve over the course of a year in patients who performed
poorly on all neuropsychological tests at the onset of illness, it was thought
that patients who performed poorly only on memory over other tests would
improve over the course of a year, even if they had clinical symptoms such as
"forgetfulness" and "forgetting appointments.

In Chapter 5, we reviewed the progress of a case with severe symptoms of
both attention and aphasia on admission to the hospital in order to examine
the recovery of higher brain dysfunction and effective rehabilitation
necessary for social reintegration. Although it is said that more than half of
the mild cases that are successfully saved will return to society, it was
suggested that even in severe cases, management of complications and
functional training for higher brain dysfunction, lifestyle guidance, and
family support are necessary requirements for recovery to return to society.

Chapter 6 summarizes the main findings obtained from Chapters 1
through 5 and further summarizes the results of the research study.

This thesis examined higher brain dysfunction based on the results of
neuropsychological testing that followed the patient at one month from onset
of illness and for one year thereafter. Even in patients who were mildly ill on
admission and had mRS1 (no impairment) at 6 months after onset,
neuropsychological test results at 1 month after onset suggested attention
and executive function impairment. The results of the present study, which
revealed that symptoms persist even after one year, are information that
should be communicated in lifestyle guidance at the time of discharge from
the hospital. In addition, the complaint of "forgetfulness" that appeared in the
SAH patients who were successfully saved was not due to memory
impairment, but was thought to be related to delayed recovery of attention
and executive function together with symptoms such as "easy fatigue,"
"irritability," and "lack of motivation. Memory impairment was economically
effective in terms of medical care, since it was possible to suspect
vulnerabilities in memory function that could affect daily life based on test
results at one month, and to narrow down the symptoms to be observed in
cases that should be followed.

Originally, it was believed that higher brain dysfunction could not be
diagnosed until consciousness and mental functional activity were stabilized,

and therefore, evaluation of higher brain function in the acute phase was not



considered 1important. However, neuropsychological evaluation was
conducted not to diagnose "higher brain dysfunction," but to identify
symptoms related to higher brain dysfunction that appeared after the onset
of illness, and it was found that recovery of general cognitive (intellectual)
function recovered at 1 month after onset, but recovery of attention and
executive function was delayed, and that there was no association between
the location of cerebral arteries and higher brain function The fact that there
was no association between the location of cerebral arteries and higher brain
dysfunction was a new finding that had not been reported in previous studies.
In addition, the results of the case of a severely injured patient who returned
to work, for whom aggressive treatment was not recommended, suggest the
possibility of recovery to a level that does not interfere with daily life by
managing complications and providing the necessary training and guidance
while assessing residual disability, even if the patient was severely injured at
the time of admission, and the possibility of recovery with minimal cortical
damage even if the amount of hemorrhage was large. The aphasia symptoms
seen in SAH have a high possibility of improvement.

Neuropsychological tests have been developed to assess intellectual,
attentional, memory, language, action, executive, and verbal functions as a
means of detecting higher brain dysfunction. In the present study, the TMT,
kana-picking test, and Kanji color-coded test were considered sensitive tests
for attention and executive function, as they had low non-passage rates at the
cutoff point and still had low scores after one year. Even in the acute phase,
it was important to combine multiple tests to assess higher brain function to
capture impairment and provide a means of further observation over time.

In this study, we investigated higher brain dysfunction and the recovery
process from 1 month to 1 year after SAH onset. The results showed that (1)
general cognitive (intellectual) function recovered to the normal range in the
first month after onset, but recovery of attention and executive function was
delayed, (2) general cognitive (intellectual) function, once reaching the
normal range, was maintained, and attention and executive function were
still in the process of recovery even after one year had passed, while memory
function (3) SAH patients with controlled complications may improve to a
state where they can return to society even if they were severely ill at the
time of admission. Based on these findings, the significance of this study is to
inform patients who are discharged from the hospital within one month of
onset of SAH to continue to support their social life as lifestyle guidance,

because recovery of attention and executive function takes more than one year,



and that they may recover even if they are tired and irritable. In the
evaluation of higher brain functions in the acute phase, it was effective to
select neuropsychological tests systematically for the higher brain functions
to be evaluated.

Although we were able to collect many cases in this study, the limitations
of this study are that it was conducted at a single institution, so the selection
of subjects was biased, and the timing of follow-up observation was conducted
in conjunction with medical examinations, making it difficult to obtain
cooperation for the sole purpose of higher brain function assessment. In the
future, it 1s expected that the study will be conducted at multiple institutions
and that higher brain function will be ascertained as a sequela of SAH,
regardless of severity.

Research is expected to make it known that SAH is a disease with a high
mortality rate, but that it is also a disease that can be expected to lead to
social reintegration if the acute stage is overcome, and to correct the timing
of social reintegration, the content of lifestyle guidance, and the prevention of
problems after social reintegration based on appropriate responses and
follow-up observation.

Conclusion: While SAH has a high mortality rate, it can be considered a
disease in which patients can be reintegrated into society by controlling
possible complications, and the core of higher brain dysfunction that emerges
after SAH is attention and executive dysfunction. To ensure reintegration into
society, 1t 1s necessary to provide necessary guidance while monitoring the
recovery of attention and executive dysfunction over a period of one year or

more.
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