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Birth Year-Dependent Increase in Axial
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Introduction

The incidence of myopia has been rapidly increasing over the past
50 years in East Asian countries.! Estimations of the incidences
from 2000 to 2050 suggest a significant increase in the prevalence
of myopia worldwide.? The axial length (AL) of the eye is the most
important parameter affecting the refractive error. The increase in
the incidence of myopia indicates that there has been an increase
in the AL over the past several decades. However, it is not known
whether the axial length is a birth year-dependent increase.

There have been many cross-sectional studies on the correlation
between the axial length and age,>?* and many studies reported
a negative and significant correlations between the axial length
and age.>'® The negative correlation is caused by two possible
mechanisms; one is the reduction of the axial length with aging, i.e..
age-dependent changes, and the other is an axial length increase
related to the birth year, i.e., birth year-dependent change.

Prospective long-term longitudinal studies are necessary to
determine whether there is a significant correlation between the
axial length and age. Such a study is not easy to perform, and if we
study this relationship retrospectively, long-term measurements
of the axial length of a large number of cases are needed. There
is a study to determine the prevalence of myopia by longitudinal
change or cohort effects.?> However, a study determining the effect
of the AL and age by examining the longitudinal changes or cohort
effects have not been reported.

We have studied many Japanese patients whose axial lengths
were measured by the IOL Master before cataract surgery for 18
years. The purpose of this study was to determine the significance
of the correlation between the axial length and age in terms of
aging-dependent and birth year-dependent changes.

Methods

This was a retrospective cross-sectional study, and the procedures
used were approved by the Institutional Review Board of each
participating clinic. The procedures used conformed to the tenets
of the Declaration of Helsinki. All patients had signed an informed
consent for the surgery, data collection, and the use of the data
for research studies.

We reviewed the medical records of all patients who had
undergone cataract surgery at each participating clinics from

September 2002 through October 2020. All participants had
undergone a comprehensive ophthalmologic examination
including measurements of the refractive error, best-corrected
visual acuity (BCVA) with a Landolt chart at 5 m, axial length using
a partial coherence laser interferometry technique (IOL Master,
Carl Zeiss, Germany), and intraocular pressure. In addition, slit-
lamp examinations, dilated indirect slit-lamp biomicroscopy with
or without contact lenses, indirect ophthalmoscopy, and optical
coherent tomography (OCT) examinations.

The inclusion criteria were: Japanese patients older than 50-years-
of-age who had undergone cataract surgery, normal findings on
slit-lamp and fundus examinations, in at least one eye, and axial
length measured by IOL Master. The exclusion criteria were:
cataract surgery was combined with vitrectomy or glaucoma
surgery, had pathology of the cornea or vitreous, or macula, and
prior other ocular surgeries.

The age refers to the age at the time of the cataract surgery. We
used the 17 year old height dataset of the School health statistic
survey which is conducted by the Ministry of Education, Culture,
Sports, Science and Technology in Japan from 1900 till 2019. The
scope of the survey is from 5 to 17 years old who are enrolled in
a school. This survey is a sample survey. The target is extracted by
the stratified two-stage random sampling method for the growth
status survey and the stratified village sampling method for the
health status survey. These dataset can be downloading by e-Stat
(https://www.e-stat.go.jp/) that is the official government statistics
portal site where you can browse Japanese statics.

The distribution of the axial lengths was tested for normality with
the Kolmogorov-Smirnov test and were considered significantly
different from normal for P <0.01. The correlations between
the axial length and age or birth year were calculated using the
Spearman correlation coefficients. The visual birth-year changes
along with that of the axial length by sex was determined using
locally weighted regression and smoothing scatter plots (LOESS).
We used the PROC NLIN (SAS Institute) procedure to estimate
the breakpoint in a piecewise regression analyses by sex. The
NLIN is programming code of SAS software that is used for fitting
nonlinear regression models. We evaluated visually how the birth
year changed along with the axial length by a hierarchical linear
regression model in which patients were nested within ages and
within sexes using the HPMIXED procedure. A P value <0.05 was
accepted as statistically significant. Statistical analyses of the data
were carried out with the SAS software version 9.4 (SAS Institute,
Inc, Cary, North Carolina, USA).
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Figure 1. Histogram showing the distribution of axial length in all o7
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Figure 2. Correlation between axial length and age or birth year f Y
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Figure 3. Estimation of the turning point of axial length increase E §"§
The birth-year changes along the axial length by sex using LOESS =~ A
procedure are shown (Left in women, Right in men). The turning £ o
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procedure to estimate the breakpoint in a piecewise regression T 155
by sex was used. The piecewise regression model calculated the
turning points as 1939.4 for women and 1936.7 for men. 150
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Figure 6. Changes in average height by birth year

The average height was plotted from the school health statistic
survey at 17-years-of-age (Changes in average height by age, 1900-
2019) of e-Stat that is a portal site for Japanese Government
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Statistics. The blank is due to the World War 1. Because the height Table 2 The correlation between axial length and age by birth year groups

was at the age of 17, the year of birth on the X axis was obtained

by subtracting 18 from the measurement year. Women Men
Birth year n r p Birth year n r P
Table 1 Summary of the study eyes 1919 | 112 | -0063 | 0.5071 | 1919 - - -
Women Men 1920 | 145 | 0016 | 0.8472 | 1920 - - -
Total 35508 26854 1921 174 -0.007 | 09216 | 1921 105 0.252 | 0.0101
Right 32403 24421 1922 230 -0.073 | 0.2685 | 1922 118 -0.061 | 05119
Left 3105 2433 1923 320 -0.099 | 0.0747 | 1923 155 0.097 | 0.2258
Age (years) 73.4%£8.3 72.6%£8.4 1924 349 -0.049 | 0.358 1924 205 -0.091 0.19
Range 50 ~ 101 50~ 100 1925 462 -0.009 | 0.8454 | 1925 279 -0.093 | 0.1215
Axial length (mm) 23.64+1.70 24.24+£1.55 1926 590 -0.112 | 0.0062 | 1926 37 -0.07 | 0.1792
Range 19.20 ~ 37.07 19.47 ~36.18 1927 601 0.016 | 0.6957 | 1927 424 -0.039 | 0.4252
Birth year 1908 ~ 1970 1908 ~ 1970 1928 759 0.082 | 0.0242 | 1928 498 -0.029 | 05216
The values are mean+/- standard deviation. 1929 835 -0.004 | 0.8978 | 1929 587 -0.032 | 0.4324

1930 896 0.002 | 0.9581 | 1930 649 0.047 | 0.2306

1931 1076 | 0.041 | 0.1808 | 1931 723 0.016 | 0.6651

1932 1171 | -0.038 | 0.1951 | 1932 888 -0.043 | 0.195

1933 1220 | 0.012 0.67 1933 855 -0.028 | 0.408

1934 | 1269 | 0.065 | 0.0201 | 1934 899 | -0.038 | 0.2534

1935 1416 | -0.006 | 0.8254 | 1935 975 0.027 | 0.4042

1936 | 1414 | 0035 | 0.19 1936 | 1026 | -0.061 | 0.0498

1937 1436 | -0.001 | 0.9815 | 1937 1135 | -0.002 | 0.9427

1938 1302 | 005 | 0.0693 | 1938 983 0.006 | 0.8608

1939 1327 | -0.019 | 0.4922 | 1939 971 -0.038 | 0.2336

1940 1459 0.03 | 02575 | 1940 1115 | -0.042 | 0.1605

1941 1600 | -0.062 | 0.0131 | 1941 1243 | -0.036 | 0.2072

1942 1424 004 | 01354 | 1942 1147 | -0.052 | 0.0802

1943 1328 | 0.002 | 09529 | 1943 1044 | -0.048 | 0.1236

1944 | 1346 | -0.08 | 0.0034 | 1944 | 1036 | -0.109 | 0.0005

1945 960 | -0.082 | 0.0104 | 1945 737 | -0.008 | 0.8224

1946 970 -0.08 | 0.0123 | 1946 779 | -0.021 | 0.5622

1947 1435 | -0.023 | 03834 | 1947 1138 | -0.057 | 0.0564

1948 | 1326 | -0.088 | 0.0013 | 1948 | 1091 | -0.144 |<0.0001

1949 | 1129 | -0.133 |<0.0001| 1949 901 -0.061 | 0.0649

1950 886 -0.061 | 0.0676 | 1950 628 | -0.061 | 0.1258

1951 708 | -0.006 | 0.8665 | 1951 587 | -0.097 | 0.0184

1952 593 | -0.155 | 0.0002 | 1952 447 | -0.153 | 0.0013

1953 514 006 | 0177 | 1953 398 -0.077 | 0.1254

1954 405 | -0.083 | 0.0957 | 1954 404 | -0.134 | 0.0073

1955 374 | -0.047 | 03641 | 1955 347 | -0.163 | 0.0024

1956 309 | -0.098 | 0.0844 | 1956 285 | -0.146 | 0.0136

1957 252 0.045 | 0471 1957 258 -0.039 | 0.3587

1958 229 | 0116 | 0.0792 | 1958 208 | -0.101 | 0.1324

1959 197 -0.096 | 0.1796 | 1959 181 -0.082 | 0.2718

1960 151 -0.073 | 03738 | 1960 156 0.002 | 0977

1961 115 0.072 | 0.4445 | 1961 131 -0.071 | 0.4209

1962 116 0.027 | 07716 | 1962 128 -0.065 | 0.4624

1963 102 0.037 | 0.7137 | 1963 - - -

Groups with significant difference are shown in bold.
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Table 4 Summary of literatures on the correlation between axial length and age

Women Men
age n r p age n r o
50 - - - 50 115 -0.156 | 0.0957
51 — — - 51 133 0.157 | 0.0695

52 106 0.07 | 04712 52 122 0.228 | 0.0117

53 126 0.058 | 0514 53 171 -0.008 | 09174

54 150 -0.021 | 0.7978 54 161 0.112 | 0.1568

55 206 0.027 | 0.6931 55 179 0.095 | 0.2053

56 244 0.061 | 0.3463 56 219 0.04 | 05532

57 265 | 0.157 | 0.0107 | 57 278 0.063 | 0.2936

58 352 0.161 | 0.0026 58 301 0.172 | 0.0028

59 410 0.214 |<0.0001| 59 339 0.037 | 0.4987

60 492 0.195 |<0.0001| 60 417 0.127 | 0.0098

61 537 0.108 | 0.0123 61 409 0.126 | 0.0109

62 600 | 0.136 | 0.0009 | 62 510 | 0.182 |<0.0001

63 705 0.19 |<0.0001| 63 567 | 0.087 | 0.0373

64 826 0.18 |<0.0001| 64 636 0.076 | 0.056

65 995 0.133 |<0.0001| 65 744 | 0.137 | 0.0002

66 1031 | 0.119 | 0.0001 66 783 | 0.092 | 0.0098

67 1139 | 0.164 |<0.0001| 67 866 0.111 | 0.001

68 1271 | 0.155 |<0.0001| 68 953 0.135 |<0.0001

69 1198 | 0.104 | 0.0003 | 69 902 | 0.173 |<0.0001

70 1687 | 0.185 |<0.0001| 70 1355 | 0.129 |<0.0001

7 1639 | 0.153 [<0.0001| 71 1199 | 0.115 |<0.0001

72 1559 | 0.149 |<0.0001| 72 1198 | 0.123 |<0.0001

73 1563 | 0.115 |<0.0001| 73 1188 | 0.175 |<0.0001

74 1662 | 0.111 |<0.0001| 74 1364 0.16 |<0.0001

75 1724 | 0.138 |<0.0001| 75 1245 0.08 | 0.0045

76 1615 | 0.106 |<0.0001| 76 1201 | 0.117 |<0.0001

77 1653 | 0.082 | 0.0008 77 1275 | 0.122 |<0.0001

78 1556 | 0.093 | 0.0002 78 1149 | 0.064 | 0.0289

79 1473 | 0.076 | 0.0036 | 79 1036 | 0.063 | 0.042

80 1328 | 0.067 | 0.0147 80 1080 0.04 | 0.1907

81 1177 | 0013 | 0.6671 81 856 0.079 | 0.0201

82 1162 | 0.096 | 0.0011 82 758 0.024 | 05107

83 993 0.045 | 0.1528 83 737 0.033 | 0.3739

84 882 0.077 | 0.0215 84 569 0.043 | 0.3068

85 768 0.011 | 0.7621 85 474 1 -0.039 | 0.4005

86 607 0.015 | 0.7107 86 410 0.018 | 0.7167

87 450 0.035 | 0.4574 87 274 | -0.024 | 0.6961

88 332 0.105 | 0.0562 88 217 0.031 | 0.6438

89 278 | -0.056 | 0.3546 89 170 | -0.072 | 0.3444

90 160 0.019 0.81 90 102 |4.00E-04| 0.9968

91 144 0.021 | 0801 91 - - -

Group with significant differences are shown in bold.

Year Author Population Sg\‘/lgg’ Age Correlation Measurement
1972 Leighton? England 72 195 Negative  Ultrasound
1987  Grosvenor* England 271 4=  Negative  Calculated*
1994 Lam® Chinese 220 40s  Negative  Ultrasound
2001 Wong® Chinese 1004 40=  Negative  Ultrasound
2003 Wojciechowski” ~ Eskimos 133 40  Negative  Ultrasound
2004 Wickremasinghe? Mongolian 1313 40< None Ultrasound
2005  Eysteinsson® Iceland 832 55=  Negative  Ultrasound
2005 Shufelt?? latino 5588 40= None Ultrasound
2008 Warrier® Myanmar 1498  40= None Ultrasound
2008 Fotedar® Australian 1321 59=  Negative  IOL Master
2008 Atchison' Australia 102 18<  Positive  Ultrasound
2009 Lee KE™ White 1968 58< Negative  IOL Master
2010 Lim LS™ Singapore 2788 40 Negative  IOL Master
2010 Lee DW™ Korea 314 195 Negative  IOL Master
2010 Nangia'® India 4711 30s  Positve  Ultrasound
2010 Fotedar'? Australian 1321 59=  Negative  IOL Master
2012 Yin'® Chinese 3159 50=  Positive Lenstar
2016 Hayashi' Japanese 525 59=  Negative  IOL Master
2017  FerreiraTB*  Portugal 13012 44s< None Lenstar
2018 Huang Q" Chinese 6933 50<  Negative  IOL Master
2019 Bikbov? Russian 5707 40<  Positive  Ultrasound
2019 Yamashita’®  Japanese 2198 40<  Negative  IOL Master
2020  Presentstudy  Japanese 62363 50< Negative  IOL Master

* Calculated and estimated from Phakometry and Keratometry

Results

Axial length distribution map of all eyes

A total 62362 eyes (35508 female, 26854 male) were studied. The
distribution of the axial length in all eyes by sex is shown in Figure
1. The axial length distribution was skewed toward the right and
peaked with significant Kolmogorov-Smirnov (KS) test for deviation
from normality (P <0.001). In the women, the mean axial length
was 23.64 mm with a median of 23.23 mm, a range of 19.20 mm
to 37.07 mm; skewness of 1.83, and kurtosis of 4.84 (Figure 1,
Top). In men, the mean axial length was 24.24 mm with a median
of 23.9 mm, and a range of 19.47 mm to 36.18 mm; a skewness of
1.52, and kurtosis of 3.90 (Figure 1 Bottom).

Study eyes
A summary of the eyes studied is shown in Table 1.

Correlation between axial length and age or birth year

The axial length was significantly and negatively correlated with
the age in both women (r = -0.29, P <0.0001, Figure 20, top left)
and men (r = -0.31, P <0.0001, Figure 2, bottom left). The axial
length was significantly and positively correlated with the birth
year in both women (r = 0.31, P <0.0001, Figure 2, top right) and
men (r = 0.32, P <0.0001, Figure 2, bottom right).

Correlation between axial length and age or birth year

We analyzed the relationship between the axial length and age
or birth year when the number of eyes was >100 in each group.
The correlations between the axial length and age by birth
year groups, i.e., age-dependent change, is shown in Table 2. A
significant negative correlation was found in 8 of the 45 groups
(17.7%) for women and 8 of 42 (19.0%) groups for men. Positive
correlations were found in only 2 groups for women and 1 group
for men. The correlations between the axial length and birth year
by age groups (birth year-dependent changes) are shown in Table
3. Significant positive correlations were found in 26 of 40 (65.0%)
groups for women and 22 of 41 (53.7%) groups for men.

Estimation of the turning point of axial length increase

The birth year changes in relation to the axial length by sex (left
in women, right in men) using the LOESS procedure is shown
in Figure 3. We determined the turning point to be around
1935 visually. Then, we used the NLIN procedure to estimate
the breakpoint in a piecewise regression by sex. The piecewise
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regression model yielded turning points at 1939.4 for women and
1936.7 for men.

The birth year changes relative to the axial length are shown
in Figure 4 by a hierarchical linear regression model in which
patients are nested within ages and also nested within sexes using
the HPMIXED procedure. The second turning point appears to be
around 1960.

Changes in average axial length and height by birth year

The changes in the average axial length by birth year are shown in
Figure 5. The upper plots are for men and the lower for women.
The average axial length increased with increasing birth year in
both sexes.

The changes in the average height by the birth year is shown in
Figure 6. We used the the 17-year-old height data of the School
health statistic survey conducted by the Ministry of Education,
Culture, Sports, Science and Technology for the average height.
The curves relating the average height and axial length appear to
be parallel.

Discussion

We examined the aging- and birth year-dependent changes in
the axial length in 62,362 Japanese patients who had undergone
cataract surgery 18 years earlier. The age-dependent changes
were unlikely to occur. A birth year-dependent increase in the axial
length was found. The piecewise regression model showed that
the turning point was at 1939.4 for women and 1936.7 for men.
However, there appeared to be a second turning point at around
1960. The changes in the axial length and the height appeared to
be parallel. We suggest that there might have been a period of an
increase in the axial length in the last 100 years.

A summary of the findings has been published on the correlation
between the axial length and age (Table4). All of these were
cross-sectional studies of various races, sample size, age, and
measurement methods. A negative and significant correlation
has been reported between the axial length and age in many
studies.>'® However, a positive and no significant correlations were
found in some studies.’”?* All of the studies did not show whether
the correlations were age- or birth year-dependent. The results
of our study suggested that the significant negative correlation
between the axial length and age was not age-dependent but
birth year-dependent.

The high rate, 53.7 to 65%, of positive and significant correlations
in the birth year-dependent changes (Table 2) suggests that
the aging-dependent changes were unlikely to occur. However,
there may be some reasons why age-dependent changes
cannot be completely eliminated. It is well accepted that the
axial length is positively and significantly correlated with the
height.68.10.16.18202326:33 The axial length might decrease following
a reduction in the height with increasing age3* and/or age-
related hyperopic shift for lens myopia. The height in the midlife is
positively associated with mortality with shorter height predicting
longer lifespan.*> Thus, increased shorter height in the elderly may
mask an axial length increase with aging. A longitudinal study is
needed to determine the aging-dependent changes of the axial
length in older individuals.

Our findings showed that the height increased from the birth year
of 1880 to 1920 (Figure 6). After a blank of 8 years, the height
increased again according to the birth year at about 1960 and did
not change thereafter. If there was no increase in the height during
the blank period, the changes in the axial length and height seem
to be parallel for all periods. If there is increase in axial length from
birth year 1880 to 1920, it is suggested that there was a height-
dependent increase in the axial length from about 1880 to about
1960.

A significant correlation between the height and axial length has
been reported for a long time, and this was shown to be due in
part to genetic factors.3 The late 1930s corresponded to the
period after the war when there were significant improvements
in the environment and living conditions. We suggest that these
environmental factors such as nutrition and education were
involved in the axial length increase between the late 1930s and
1960. The axial length did not change after 1960, but it may
increase slowly in the future not dependent on the height but on
environmental and genetic factors.

Partial coherence interferometry is a noncontact, user- and
patient-friendly method3” that is considered to be the gold
standard method for axial length measurements.*® The IOL Master
was commercialized in 2002 and is still improving.3®4° One of
the strengths of this study was that all axial length values were
measured using the IOL Master. The second-generation model
is more effective in obtaining biometric measurements and the
agreement between the first and second-generation model is
excellent.3*4% However, the model generations of IOL Master were
not unified in this study.

This study has some limitations. First, this study was a
retrospective cross-sectional study with its inherent limitations.
Second, the subjects of this study were not population based.
Thus, the findings might not be generalized to other racial groups
and populations. Third, the refractive errors and heights were
not collected, and environmental and genetic factors were not
considered. Fourth, the number of cases after 1960 was relatively
small. Thus, further data need to be obtained to confirm the
results after 1960. However, this will take several decades.

In conclusion, birth year-dependent increases in the axial length
have continued for about 20 years from the birth year to around
late 1930s. This may be the time when the Japanese population
experienced the most significant increase in the axial length
during this hundred year. We believe that before the 1930s, the
axial length increase mainly depended on the height, but in the
20 years from the late 1930s it depended on both the height
and environmental factors. After 1960, the axial length mainly
depended on environmental factors. Further population-based
studies on the changes in the axial length will require prospective
longitudinal studies that include multiple factors such as the
refractive error, height, and environmental and genetic factors.
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Two cases of IgG4-related disease
accompanied by many cerebral
microbleeds and a review of the literature:
Can IgG4-related disease cause cerebral
small vessel vasculitis/vasculopathy?

Running title: IgG4-RD and cerebral microbleeds
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Abstract: IgG4-related disease (IgG4-RD) is a condition of
unknown cause, which involves marked tissue infiltration by 1gG4-
positive plasma cells into various organs throughout the body.
Histopathological examinations based on biopsy examinations
are essential for obtaining a definitive clinical diagnosis of 1gG4-
RD. However, there are only a limited number of organs from
which biopsy samples can be easily obtained. Furthermore, it
is impossible even for recently developed imaging techniques
to directly detect abnormalities affecting small organs, such as
the cerebral small vessel system. Due to these limitations, the
clinical diagnosis of so-called “IgG4-related cerebral small vessel
vasculitis/vasculopathy” is very difficult. In this report, two cases
of 1gG4-RD involving elderly patients are presented, together with
their cranial magnetic resonance imaging features, especially
those seen on T2* imaging. Both patients exhibited many cerebral
microbleeds (CMB) on T2* imaging. | consider that it is possible
to indirectly detect abnormalities of the small cerebral vessels by
searching for CMB because they are caused by the failure of small
cerebral vessels. Of course, the fact that many CMB were seen in
both cases might be considered to be a coincidence. However, the
chances of this are low because a rapid increase in the number of
CMB, as was seen in case 1, and the occurrence of so many CMB,
as was seen in case 2, are rare. Based on my clinical experiences
and the detailed findings of the IgG4-RD cases described in this
report, | present the hypothesis that “IgG4-related cerebral small
vessel vasculitis/vasculopathy” exists.

Keywords:
Cerebral microbleeds, Cerebral small vessel vasculitis, 1gG4-
related disease, T2* imaging, Treatable dementia

INTRODUCTION

lgG4-related disease (IgG4-RD) is a condition of unknown cause,
which involves marked tissue infiltration by 1gG4-positive plasma
cells in various organs throughout the body. The pancreas/bile
ducts and lacrimal/salivary glands are the most frequently affected
tissues/organs; however, other tissues/organs, such as the kidneys,
lungs, retroperitoneum, heart, aorta, pituitary gland, dura mater,
and peripheral nerves, can also be affected.! Steroid therapy is
almost always effective against 1gG4-RD, but the relapse rate of
1gG4-RD after the discontinuation of steroid therapy is high. The
role of IgG4 in the pathogenesis of IgG4-RD is unclear.

The following comprehensive diagnostic criteria for 1gG4-
RD were established by a Japanese research team in 2011: 1)
an elevated serum IgG4 level (>135 mg/dl); 2) swelling, mass
formation, nodule formation, and/or thickening of tissues/organs;
3) characteristic histopathological findings, including during
immunostaining; and 4) the exclusion of similar diseases.’? Thus,
histopathological examinations based on either autopsy or biopsy
examinations are essential for the definitive diagnosis of 1gG4-
RD. However, in clinical practice there are only a limited number
of organs from which biopsy samples can be easily obtained.
Furthermore, some symptoms, such as organ swelling, can be
detected via imaging examinations when large organs are affected,
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but in cases involving small organs/tissues, such as the cerebral
small vessel system, it is impossible even for recently developed
imaging techniques to detect such abnormalities. Due to these
limitations, the diagnosis of so-called “IgG4-related cerebral small
vessel vasculitis/vasculopathy” is difficult, unless it is specifically
searched for at autopsy. Therefore, there are few reports about
this condition in the literature, and its effects on cognitive functions
are unknown.

In this report, two cases of IgG4-RD that were treated at
my outpatient clinic are presented, together with their cranial
magnetic resonance imaging (MRI) features, especially those seen
on fluid-attenuated inversion recovery (FLAIR) and T2* imaging. In
addition, the possible pathology of the disease is discussed.

CASE REPORT

Informed consent for the publication of this report was obtained
from the patients and their families. Minor modifications to the
case details, which did not interfere with important data, were
made to preserve the patients’ anonymity.

Case 1

In August of 200X-1, a male in his early 70s was admitted
to the Department of Gastroenterology of my hospital with
severe appetite loss. Abdominal computed tomography (CT)
and magnetic resonance cholangiopancreatography revealed a
swollen pancreas, stenosis of the common bile duct, and right-
sided hydronephrosis (Figure 1). His serum 1gG4 level was high (358
mg/dl). Since a biopsy could not be performed, he was diagnosed
with possible IgG4-related pancreatitis and probable IgG4-related
sclerosing cholangitis by gastroenterologists.'* Steroid therapy,
involving 30 mg/day prednisolone, was administered, and his
condition improved markedly, as did his abdominal CT findings.
In November 200X-1, he visited the Department of Neurology
complaining of forgetfulness. Cranial MRI was performed. FLAIR
imaging showed mild high-intensity lesions in the periventricular
white matter, and T2* imaging revealed many cerebral microbleeds
(CMB), mainly in the left occipital lobe (Figure 2-A).

In June of 200X, he attended my clinic, complaining of
forgetfulness and irritability, together with his wife. He was
receiving 10 mg/day of prednisolone. His Mini-Mental State
Examination (MMSE) score was 27 points (attention: -3), and T2*
imaging performed during a second cranial MRI scan revealed
that the number of CMB had increased from 30 to 80 (visual
estimate), although no changes in the high-intensity areas of the
periventricular white matter were seen on FLAIR imaging. Since
the patient did not show any recent memory impairment, it
was considered that there was a strong possibility that he was
suffering from a symptomatic cognitive disorder and/or a vascular
neurocognitive disorder rather than a more common form of
dementia, such as Alzheimer’ s disease. Thus, he was followed up
without any anti-dementia drugs being administered.

A third cranial MRI scan performed in 200X+1 showed that the
number of CMB had further increased to 110 (visual estimate)
and that CMB were now present in the left occipital and parietal
lobes, as well as the right occipital lobe, although no changes
were seen on FLAIR imaging (Figure 2-B). The patient’ s MMSE
was 26 (attention: -4). At that time, he was receiving 15 mg/day of
prednisolone.

In 200X+2, he was still receiving steroid therapy (at the same
dose), his condition was favorable, and his MMSE had improved to
30.

Case 2

In 200X-5, a male in his early 70s was admitted to my hospital
with a fever of unknown cause. He consulted the Department of
Ophthalmology and was definitively diagnosed with IgG4-related
ophthalmic disease by ophthalmologists based on his high serum
IgG4 level and CT and biopsy findings.* Steroid therapy was
administered, and his condition improved.

In 200X, he visited my clinic with a chief complaint of
forgetfulness. The steroid therapy had already been discontinued.
His serum 1gG4 level remained high (1590 mg/dl). His MMSE score
was 17, and T2* imaging performed during cranial MRI revealed
innumerable CMB throughout his brain, although FLAIR imaging
only showed mild high-intensity lesions in the periventricular
white matter (Figure 3). A diagnosis of a strong possibility of
symptomatic and/or vascular dementia was made, and the
patient was followed up without any anti-dementia drugs being
administered. Instead, non-drug therapies, such as physical and
mental exercises, were introduced.

In 200X+1, his MMSE score recovered to 24 points (orientation:

-3, attention: -3).

In 200X+5, cranial MRI was performed and did not show any
marked changes. FLAIR imaging did not show any changes at all,
and it was difficult to visually determine whether the number of
CMB had increased/decreased on T2* imaging because there
were countless CMB.

DISCUSSION
1. Does “lgG4-related cerebral small vessel vasculitis/
vasculopathy” exist?

Assuming that “IgG4-related cerebral small vessel vasculitis/
vasculopathy” exists, are the abnormalities it causes only
detectable at autopsy? As mentioned above, it is impossible to
detect them directly, but | consider that it is possible to indirectly
detect them by searching for CMB on T2* imaging because CMB
are caused by the failure of small cerebral blood vessels, especially
capillaries.

CMB are known to be caused by several diseases. The most
representative types of CMB are hypertensive CMB (deep type)
and cerebral amyloid angiopathy (CAA)-related CMB (lobar
type). Other pathologies that might cause CMB are considered
to include (1) primary central nervous system small vasculitis, (2)
hereditary cerebral vasculopathy (e.g.. CADASIL, CARASIL, and
CARASAL), (3) autoimmune cerebral vasculopathy (e.g.., ANCA-
related vasculitis syndrome, autoimmune complex angiopathy, and
collagen diseases), and (4) hereditary leukoencephalopathy (e.g.,
Alexander’ s disease). However, it remains unclear to what extent
these diseases can cause CMB.

The two cases of IgG4-RD presented above are the only cases
of 1gG4-RD experienced by my department. Of course, the fact
that a lot of CMB were seen in both cases of IgG4-RD might be
considered to be a coincidence. However, | suggest that this might
not be a coincidence for the following reasons: (1) Based on my
clinical experience, the chances of this being a coincidence are
low because even in typical cases of Alzheimer’ s disease a rapid
increase in the number of CMB, as was seen in case 1, and the
occurrence of so many CMB, as was seen in case 2, are rare. (2)
When CAA-related inflammation is induced, it is common for the
distribution of CMB to be consistent with that of marked white
matter lesions. However, in the two cases described above it was
considered that CAA-related inflammation did not occur because
in both cases the white matter lesions that arose were mild, stable,
and only affected the periventricular regions (these lesions were
thought to be related to ischemic changes), and most of the CMB
were located away from the white matter lesions and increased
in number independently of the white matter lesions. Therefore, it
is unlikely that CAA caused the frequent occurrence of CMB seen
in these cases. (3) A previous study, in which sural nerve biopsy
specimens were examined, suggested that a close relationship
exists between IgG4-related pathology and small vessel vasculitis.”
Based on these factors, | hypothesize that “lgG4-related cerebral
small vessel vasculitis/vasculopathy/capillary disorder™ exists.

2. Previous studies describing CMB being detected on cranial MRI
in IgG4-related disease

To the best of my knowledge, there has only been one case
report involving a description of CMB associated with 1gG4-RD
in the literature.® In that case, as in the present cases, no brain
biopsy was performed; however, the patient was diagnosed with
possible IgG4-related cerebral vasculitis/leptomeningitis, although
it was also mentioned that CAA could not be completely ruled out.
The white matter lesions in that case disappeared after steroid
therapy. Other similar 1gG4-RD cases in which brain parenchymal
lesions disappeared after steroid therapy have been reported.®

Unlike in the latter case,® the CMB in the present cases were
distributed separately from and increased in number independently
of the white matter lesions. Why was this? Conversely, why did
the white matter lesions remain stable despite the increase in the
number of CMB? | consider that the white matter lesions seen in
the present cases were related to ischemic changes, which are
usually observed in elderly people. Furthermore, | suggest that in
addition to brain parenchymal lesions IgG4-RD might also cause
CMB, as was seen in the present cases, although the pathology of
such brain parenchymal lesions remains unclear.

This is only the second case report involving descriptions of
CMB associated with 1gG4-RD in the literature. It is expected that
further studies based on the accumulation of 1gG4-RD cases and
the use of cranial MRl would help to elucidate the relationship
between 1gG4-RD and CMB. Furthermore, although 1gG4-RD
might sometimes cause cognitive impairment, steroid therapy is
generally effective against 1gG4-RD-induced inflammation. Thus,
there is a possibility that 1gG4-RD might be a form of so-called



“treatable dementia” .8? | consider that psychiatrists should pay
more attention to this disease.
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Figure legends
Figure 1: Abdominal computed tomography (CT) and magnetic
resonance cholangiopancreatography (MRCP) findings of case 1
Figure 1(A): Abdominal CT showed a swollen pancreas and
right-sided hydronephrosis (white arrows).
Figure 1(B): MRCP revealed that the common bile duct had
become stenotic (white arrow).

Figure 2: Cranial magnetic resonance imaging (MRI) findings of
case 1

Figure 2(A): The first cranial MRI scan performed in 200X-
1 revealed many cerebral microbleeds (CMB), mainly in the left
occipital lobe on T2* imaging.

Figure 2(B): The third cranial MRI scan performed in 200X+1
showed that the number of CMB had increased and that CMB
were now present in the left occipital and parietal lobes, as well
as the right occipital lobe.

Figure 3: Cranial MRI findings of case 2

Figure 3(A): FLAIR imaging showed mild high-intensity lesions in
the periventricular white matter.

Figure 3(B): T2* imaging revealed numerous CMB throughout the
brain, which were distributed independently of the white matter
lesions.

Figure 1.
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Figure 2.
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TEXT

In 2009, Ito et al. reported 4 cases of epilepsy-derived memory
impairment resembling Alzheimer disease (AD)." The patients
described in their report exhibited recent memory impairment;
behavioral and psychological symptoms, such as apathy, euphoria,
and aggression; and a reduced ability to perform activities of
daily living (ADL), all of which resolved after antiepileptic drug
treatment. They speculated that abnormally excessive neuronal
discharges that were not sufficient to give rise to clinical seizures
might have caused temporal lobe dysfunction, leading to chronic
cognitive impairment. Several similar cases have been reported;'*
however, this condition is not well known, even among specialists
in epileptology. neurology, and psychogeriatrics. We have recently
experienced a few similar cases. We present a representative case
of this condition, which we named “epileptic cognitive impairment
resembling AD (ECI-A)", in which the patient did not display
recognized epileptic seizures and for a long time was considered
to have AD.

A Japanese male in his early 70s visited a memory clinic in
200X-1. He complained that his memory had become faulty about
3 years earlier. His Mini-Mental State Examination (MMSE) and
Hasegawa' s Dementia Scale-Revised (HDSR) scores were 30 and
26, respectively. He was diagnosed with AD, and donepezil was
prescribed. Despite continuous donepezil treatment, he visited
our memory clinic with his wife in 200X because he had forgotten
important promises he had made to friends. An examination
revealed that he had also forgotten the Great Hanshin-Awaji
Earthquake (which occurred about 20 years ago) and the Great
East Japan Earthquake and Tsunami, which are very difficult for
Japanese to forget. His MMSE and Montreal Cognitive Assessment
(MoCA) scores were 29 and 24 (language: -1, delayed recall: -4,
orientation: -1), respectively. Cranial magnetic resonance imaging
and electroencephalography did not reveal any abnormalities. He
was diagnosed with minor neurocognitive disorder due to AD,
and donepezil was continued. In 200X+1, his MoCA score was
21, and he became angry easily. In 200X+4, his MMSE and HDSR
scores deteriorated to 23 (orientation: -1, attention: -2, recall: -3,
language: -1) and 21, respectively. In December of the same year,
his wife was woken at midnight by him screaming something.
She talked to him, while he stood with a vague expression on
his face, but he did not answer and returned to bed. The next
morning, he remembered nothing of the episode. A second

electroencephalogram was performed, and continual spikes were
detected (Figure 1). A focal impaired awareness seizure (FIAS)
was suspected, and levetiracetam was administered. At the next
examination, his MMSE score had improved to 30. Furthermore,
the abnormal nocturnal behavior, as well as bruxism, which he had
exhibited for a long time, completely disappeared. We determined
that his bruxism was also caused by FIAS. He was finally diagnosed
with ECI-A accompanied by FIAS. The donepezil therapy was
discontinued. In 200X+5, his MoCA score recovered to 27.
Furthermore, neither the abnormal nocturnal behavior nor the
bruxism recurred after the start of the antiepileptic drug treatment.

The present case showed the same clinical features as were
seen in Ito’ s 4 cases,' although the FIAS observed during sleep
in our case occurred >4 years after the patient’ s first visit to
our clinic (>8 years after the onset of his subjective memory
impairment). We consider that the symptoms of our case share
the same pathogeneses as those described by Ito et al." However,
since not only memory impairment, but also other symptoms, such
as behavioral and psychological symptoms and a decreased ability
to perform ADL, were seen, we consider that the term “cognitive
impairment” is more appropriate than “memory impairment”. We
therefore propose that this condition should be called ECI-A.

Accelerated long-term forgetting (ALF) and autobiographical
amnesia (AbA) are often observed in patients with transient
epileptic amnesia (TEA).*” TEA is a special type of mesial temporal
lobe epilepsy, whose main symptom is recurrent amnesia attacks.
Both ALF and AbA sometimes occur for long periods before
amnesia attacks arise.®” The present patient may have had AbA/
ALF because he did not remember the catastrophic Earthquakes,
nor important promises he had made. Clinically, the main
difference between the symptoms of ECI-A and TEA with ALF/AbA
is the progressive decline of cognitive functions, including recent
memories and ADL, seen in ECI-A, which is the main reason why
ECI-A can be easily mistaken for AD. Physiologically, we speculated
that dysfunction caused by aberrant discharges that occur in the
temporal lobes and then spread into the frontal and/or parietal
lobes might be responsible for the extensive cognitive decline seen
in patients with ECI-A." We therefore consider that although ECI-A
and TEA may share similar temporal lobe-related pathogeneses,
the propagating areas and/or network patterns of neuronal
activity may differ. Further studies are necessary to elucidate the
similarities and differences between the pathophysiology of ECI-A
and TEA. Clinicians should not overlook ECI-A, which is a treatable
form of dementia.
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Figure 1. Electroencephalography
The second electroencephalogram showed spikes, which probably
originated in the left temporal lobe.
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Abstract

Transient epileptic amnesia (TEA) is a special type of temporal
lobe epilepsy, whose main symptom is recurrent amnesia attacks.
In the late 1990s, Zeman et al. developed the following diagnostic
criteria for TEA: (1) recurrent, witnessed episodes of amnesia;
(2) other cognitive functions remain intact during attacks; and
(3) evidence of epilepsy. It was subsequently reported that
patients with TEA almost always demonstrate 2 other types
of memory symptoms: accelerated long-term forgetting (ALF)
and autobiographical amnesia (AbA). As a result, it has been
recognized that TEA causes at least 3 characteristic types of
amnesia; i.e., amnesia attacks, ALF, and AbA.

In this report, we present 2 clinical cases, in which the patients
showed symptoms of ALF and/or AbA without suffering any
type of epileptic seizure, including amnesia attacks, for a long
time. We discuss a syndrome associated with TEA, particularly
the relationship between TEA and ALF/AbA, based on our 2
cases and a review of the literature. In addition, we propose
a new clinical entity, which we named “transient epileptic
amnesia complex syndrome (TEACS)” and will help to ensure
that physicians recognize the existence of such cases and do not
overlook this condition. Furthermore, the following diagnostic
criteria for TEACS are proposed: (1) The patient is middle-aged
to elderly at onset and has no history of epilepsy. (2) ALF and/
or AbA has been definitively diagnosed. (3) The ALF and/or AbA
precede TEA attacks and/or other epileptic seizures. (4) Except
for the ALF/AbA, the patient’ s cognitive functions are confirmed
to be intact via clinical examinations. (5) There is evidence for
a diagnosis of epilepsy. Such evidence can include (a) wake
or sleep electroencephalography or (b) a clear response to
AED. Furthermore, we describe our hypotheses regarding the
pathogenesis of ALF/AbA and discuss the relationships between
TEACS and other epileptic amnesia-related syndromes.

Keywords: accelerated long-term forgetting, amnesia, autobiographical
amnesia, epilepsy. transient epileptic amnesia, transient epileptic
amnesia complex syndrome

INTRODUCTION
Transient epileptic amnesia (TEA) is a special type of temporal

Aiseikai Healthcare Corporation

lobe epilepsy, whose main symptom is recurrent amnesia
attacks. In the 1990s, Hodges&Warlow, Kapur, and Zeman et al.
described the clinical features of TEA."* Zeman et al. developed
the following diagnostic criteria for TEA: (1) recurrent, witnessed
episodes of amnesia; (2) other cognitive functions remain intact
during attacks; and (3) evidence of epilepsy. Such evidence can
be provided by (a) electroencephalography. (b) the co-occurrence
of other types of seizure, or (c) a clear response to antiepileptic
drugs (AED).3 Furthermore, it was reported that patients with TEA
almost always demonstrate 2 other types of memory symptoms:
accelerated long-term forgetting (ALF) (the unexpected and rapid
disappearance of memories of events that occurred in recent
days, weeks, or months) and autobiographical amnesia (AbA)
(the discovery of large gaps in more remote autobiographical
memories).*” As a result, it has been recognized that TEA causes
at least 3 characteristic types of amnesia; i.e., amnesia attacks,
ALF, and AbA.

Here, we present 2 clinical cases, in which the patients showed
symptoms of ALF and/or AbA without suffering any type of
epileptic seizure, including amnesia attacks, for a long time. In
addition, we discuss the syndrome associated with TEA, especially
the relationship between TEA and ALF/AbA, based on our 2
cases and a case from the literature, and propose a new clinical
entity, which we named “transient epileptic amnesia complex
syndrome (TEACS)". We also propose clinical diagnostic criteria
for TEACS. Furthermore, we explain our hypotheses regarding the
pathogenesis of ALF/AbA and discuss the relationships between
TEACS and other epileptic amnesia-related syndromes.

CASE PRESENTATION

Informed consent to publish the patients’ clinical information
was obtained from the patients and their families. Minor
modifications to the data, which did not interfere with the
study’ s findings, were made to preserve the patients’ anonymity.
The initial course of Case A has been reported in our previous
studies,®® and Case B is cited from another of our previous
studies.’®

Case A

A male in his early 60s attended our memory clinic with his wife
in 200X. He said that his memory had become faulty about 4 years
earlier, and he had experienced many problems at his workplace
because of his forgetfulness. He had consulted 2 memory clinics
during the previous 4 years, but no abnormalities had been found.
He also stated that he had forgotten many events, such as traveling
with his wife a few months earlier, undergoing surgery about 2
years earlier, and the wedding ceremony of his daughter about 11
years earlier. His neurological findings were within normal limits.
His Mini-Mental State Examination (MMSE) score was 29. He could
correctly recall a sentence that he had been asked to memorize
about 30 minutes earlier. Cranial magnetic resonance imaging (MRI)
did not reveal any abnormalities. Although he had not exhibited
any symptoms of epileptic seizures, electroencephalography
was performed, and sharp waves were detected, which seem to
originate in the left and right temporal areas independently (Figure
1, cited from Ukai et al.8). The administration of levetiracetam
was commenced, and the dose was increased to 1500 mg/day,
resulting in an improvement in the patient’ s anterograde amnesia,
which was confirmed by questioning him and his family about life
events that occurred after the start of the levetiracetam treatment.
He was diagnosed with TEA, involving both ALF and AbA, although
neither he nor his wife believed that he had suffered any amnesia
attacks.®

About 3 years after the start of the levetiracetam therapy, he did
not display any abnormal symptoms. He became able to work well
without difficulties although his lost memories were not restored.
Despite this treatment, the ALF reappeared, and a pure amnesia
attack was observed for the first time in 200X+4. One day in the
morning, he and his wife went to a barbershop, where they met a
close friend and enjoyed an interesting conversation. However, in
the afternoon he asked his wife what he had done in the morning.
His wife was very surprised and asked him some questions, but he
did not remember going to the barbershop, having his hair cut, or
meeting and talking to their friend. She said that his behavior had
been quite normal that morning. The dose of levetiracetam was
increased to 2000 mg/day, which resolved his amnesia attacks
and ALF.°

More than 2 years after that (in 200X+6), a second amnesia
attack occurred. The patient and his wife went to a hot spring with
their friends in his car, which he drove. On his way back home in
the afternoon, he took his friends home and then returned to his
home. After that, he went to a gym alone by car, before returning
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home about an hour later. Then, he ate dinner with his wife. After
dinner, he was sitting on the couch in the living room, looking at a
calendar for a while, and he asked his wife what they had done in
the afternoon. According to his wife, he remembered going to the
hot spring with their friends and then taking them home. However,
he did not remember anything during the few hours between
returning home and having dinner. During this period, he was able
to drive his car well and talk interestingly with his wife and friends.
At about 3 weeks after this second episode of amnesia, his
MMSE was 29 points. Perampanel (2 mg/day) was added to the
levetiracetam therapy. No further amnesia attacks have occurred
for more than 12 months.

Case B (cited from Ukai et al.,’’ partially modified and simplified)

A female in her late 60s attended our memory clinic in 200X. She
stated that her memory had become faulty about 3 years earlier,
and she had forgotten many actual events, such as having lunch
with friends a few weeks ago and traveling with a friend a few
months ago. Her neurological findings were within normal limits.
Her MMSE score was 29. She could correctly recall a sentence that
she had been asked to memorize about 30 minutes earlier. Her
Alzheimer’ s Disease Assessment Scale-cognitive subscale score
was 1.34. Cranial MRI revealed no abnormalities. She was asked to
undergo follow-up evaluations every 6 months.

In 200X+1, she presented again with her family. Her family
members stated that she had experienced two episodes of
syncope within a short period, and that no such episodes had
occurred previously. Her MMSE score was 29. There were
no abnormal neurological findings. No abnormalities were
seen on electrocardiography or a second cranial MRI scan.
Electroencephalography was performed, and sharp waves
were detected from the bilateral frontal to parietal lobes. The
administration of levetiracetam was commenced, and the dose
was increased to 1500 mg/day, resulting in the amelioration of
her anterograde amnesia, which was confirmed by questioning
the patient and her family about life events that had occurred
since the start of the levetiracetam treatment. Although her lost
memories were not restored, her syncope also resolved. She was
finally diagnosed with focal impaired awareness seizure (FIAS)
and/or TEA with ALF, although neither she nor her family members
believed that she had suffered any amnesia attacks. About 6
months later, she developed a new condition unrelated to epilepsy
and then moved to live with her oldest daughter.

DISCUSSION
1. What label should be applied to a condition in which ALF and/

or AbA are present, but TEA attacks are not? - Proposal for a

new entity, “transient epileptic amnesia complex syndrome

(TEACS)" -

Amnesia attacks associated with TEA (TEA attacks) have various
characteristic features, e.g., they often occur in the morning and
last several hours, and patients exhibit normal behavior during
the attacks. In addition to the attacks, other types of seizure,
especially focal seizures, are observed in many TEA patients.
Furthermore, TEA patients frequently show two characteristic
memory symptoms, ALF and AbA."”

However, a few cases, including our cases, in which the patient
experienced ALF/ADA, but did not experience amnesia attacks for
a long time, have been reported.®'" A report by Hornberger et al.
was the first to suggest that ALF and AbA may occur as prodromal
symptoms of TEA attacks.'” To the best of our knowledge, Case
A in this article is the second reported case in which ALF/AbA
preceded TEA attacks.

In our previous study, we reported that 444 new patients visited
our clinic at Kamiiida Daiichi General Hospital during the 7-year
period from January 2010 to December 2016, and only 2 of these
patients (0.45%) displayed symptoms of ALF and/or AbA without
amnesia attacks.'? The case reported by Hornberger et al. and the
2 cases mentioned above are summarized in Table 1. These cases
indicate that such conditions can exist, even in small numbers,
among patients visiting memory clinics.

Can we call such cases TEA, even when no amnesia attacks
have been observed or before the first amnesia attack occurs?
According to the diagnostic criteria proposed by Zeman et al.,
these patients cannot be diagnosed with TEA.? If the term “TEA”
is not appropriate, what term should be used? To overcome this
problem, we offered the following suggestion in our previous
report: patients who never experience amnesia attacks despite
suffering from ALF/AbA should be deemed to be suffering from
“broad TEA" .8 However, we now consider that a more appropriate
term is required, and propose to refer to these cases as “transient
epileptic amnesia complex syndrome (TEACS)" due to the high

complications rate seen between the amnesia attacks and ALF/
AbA and the strong suspicion that the amnesia attacks and ALF/
AbA share similar pathogeneses. We consider that it is important
for clinicians to recognize the existence of such cases and not
overlook this condition.

2. Definition of “TEACS”

It is widely known that not only are TEA patients often
complicated with focal seizures, but also patients with common
epilepsy sometimes display ALF and/or AbA. Thus, there may
be some epilepsy patients who show ALF/AbA before their
epileptic seizures occur. We consider that it is not appropriate
to include patients who experience common epileptic seizures
in the category of TEACS, even if they begin to display ALF/ADA.
However, we also consider that patients with ALF/AbA should be
included in the category of TEACS if they have not experienced
any seizures yet. In other words, cases in which the patient exhibits
ALF/AbA for a long time before experiencing their first TEA attack
can be classified as TEA according to Zeman' s criteria (narrow
or original TEA). However, during the period prior to the first TEA
attack their condition should be classified as TEACS because there
is no other appropriate term for it. This approach would help to
ensure that physicians do not overlook this condition.

Here, we propose a new clinical entity of TEACS based on the
following criteria (Table 2):

(1) The patient is middle-aged to elderly at onset and has no
history of epilepsy.

(2) ALF and/or AbA has been definitively diagnosed. ALF/AbA can
be proven by questioning the patient and other persons who
know the patient’ s behaviors well.

(3) The ALF and/or AbA precede TEA attacks and/or other
epileptic seizures.

(4) Except for the ALF/AbA, the patient’ s cognitive functions are
confirmed to be intact via clinical examinations.

(5) There is evidence for a diagnosis of epilepsy. Such evidence
can include (a) wake or sleep electroencephalography or (b) a
clear response to AED.

3. Comparison between so-called “epileptic amnesia syndrome”

and TEACS

Gallassi et al. proposed a definition of “epileptic amnesia
syndrome (EAS)” and described the following four or five
elements:'® (1) Acute and transient memory dysfunction; (2)
interictal memory impairment, (3) seizures, (4) a response to AED,
and (5) electroencephalographic abnormalities. We consider
that EAS includes several conditions related to epileptic amnesia,
e.g.. Zeman' s original TEA,> impaired awareness seizures with
antegrade and/or retrograde amnesia, and epileptic cognitive
impairment resembling Alzheimer’ s disease.?'*'> Using high-
density electroencephalography (256 channels), Del Felice et al.
found some TEA patients who had been mistakenly diagnosed
with mild cognitive impairment.'®

Although some TEACS patients could be diagnosed with EAS,
we consider that EAS cannot include patients who only exhibit
ALF/AbA because such patients do not have epileptic seizures.
We suggest that EAS should be divided into several subtypes,
as described above, and that the term “TEACS” is necessary to
ensure that physicians recognize cases that only involve ALF/AbA.

4. Possible pathogenesis of ALF and AbA

How can ALF/AbA be present without clinical seizures? The
pathogenesis of ALF/AbA remains unclear; however, we consider
that abnormal neuronal discharges without clinical seizures
could cause ALF/AbA because AED, such as levetiracetam and
perampanel, ameliorated the ALF in the present cases. We
hypothesize that persistent abnormal discharges by the neurons
in the temporal lobes that are not sufficient to give rise to clinical
seizures can cause clinical symptoms, such as ALF and AbA. We
suggest that such abnormal neuronal discharges can cause not
only transient amnesia attacks, but also ALF, which might be
associated with a failure of memory consolidation (maybe taking
several weeks or months), and AbA, which might be due to the
disruption of consolidated remote memories (maybe taking several
years), in TEACS patients.

5. Should TEACS be regarded as a type of epilepsy?

In general, to make a diagnosis of epilepsy, the presence of
epileptic seizures is required. According to this definition, patients
with ALF/AbA alone cannot be diagnosed with epilepsy. The
patient in Case A did not exhibit any clinical symptoms of epileptic
seizures, including amnesia attacks, for more than 8 years. The
patient in Case B never experienced TEA attacks although it was



suspected that FIAS had arisen about 4 years after the onset of
her subjective memory impairment. Should these patients not be
diagnosed with epilepsy?

A recently developed practical definition of epilepsy suggests
that epilepsy can be present if evidence exists for an epilepsy
syndrome in which no obvious seizures occur, as can be the
case with continuous spikes and waves during sleep and Landau-
Kleffner syndrome.!” We are convinced that continual epileptiform
discharges (abnormally excessive neuronal discharges) are
involved in the etiology of both ALF and AbA. Therefore, it might
be appropriate to regard patients with TEACS as having epilepsy,
regardless of the presence or absence of amnesia attacks.

LIMITATIONS OF THIS REVIEW

Recently, long-term electroencephalography, including sleep
recordings, was successfully used to obtain records of TEA
patients’ seizures during sleep.'"'® In our 2 cases, overnight
electroencephalography was not performed because it is very
challenging to perform it at general hospitals. If it had been
possible to perform overnight long-term electroencephalography
in our cases, subclinical seizures may have been detected during
sleep. If so, the diagnosis of the patient in Case B may have
changed from TEACS to FIAS with ALF/AbA earlier. However,
the difficulty of performing overnight electroencephalography
at general hospitals is the main reason why the term “TEACS”
is necessary for preventing physicians from overlooking this
condition.
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Figure 1. Electroencephalography (cited from Ukai et al.8)

Positive sharp waves were detected from the bilateral prefrontal
to occipital electrodes, suggesting that temporal negative epileptic
activity had activated reference electrodes A1 and A2.

Table 1 Clinical profiles and characteristics of patients reported to
have TEACS in the literature

Case A Case B
in this report in this report

the report by
Hornberger et al.

Age Early 60s Late 60s 44 years old
Sex Male Female Female
Chief complaints | Amnesia, irritability ~ Amnesia, irritability Amnesia
i Hypertension, Hypertension, Hypertension,
Medical history hyperlipidemia hyperlipidemia thyroidectomy

29 (orientation: 29 (attention: 4/5) 30 (4 years after

MMSE score

9/10) at first visit at first visit first visit)
C.“?”‘a‘ VRl Normal Normal Normal
findings
Sharp waves in the  Sharp waves in the Sharp waves in the
EEG findings bilateral temporal  bilateral temporal P

left temporal lobe

lobes lobes
Onset of amnesia| About 8 years after Never observed About 4 years after
attacks ALF ALF
ALF Severe Severe Observed
AbA Severe Unknown (no data) Observed
Effectiveness Clear response
of AED at resp ) Clear response
: (levetiracetam, Not available )
preventing (topiramate)
perampanel)

amnesia attacks

Clear subjective Found to be

Effectiveness response Clear subjective ineffective

of AED _at (levetiracetam, response (levetiracetam,

preventing ALF (levetiracetam) !
perampanel) carbamazepine)
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AbA, autobiographical amnesia; AED, antiepileptic drugs; ALF,
accelerated long-term forgetting; EEG, electroencephalography; MMSE,
Mini-Mental State Examination; MRI, magnetic resonance imaging;
TEACS, transient epileptic amnesia complex syndrome.

Table 2 Clinical diagnostic criteria for transient epileptic amnesia
complex syndrome (TEACS)

1. The patient is middle-aged to elderly at onset and has no history of epilepsy.

2. ALF and/or AbA has been definitively diagnosed. ALF/AbA can be proven by
questioning the patient and other persons who know the patient” s behavior well.

3. The ALF and/or AbA precede TEA attacks and/or other epileptic seizures.

4. Except for ALF/ADA, the patient’ s cognitive functions are confirmed to be
intact via clinical examinations.

5. There is evidence for a diagnosis of epilepsy. Such evidence can include (a)
wake or sleep electroencephalography or (b) a clear response to antiepileptic
drugs.

AbA, autobiographical amnesia; ALF, accelerated long-term forgetting;
TEA, transient epileptic amnesia.
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fo. BRNRTCOEERZRSL, ZOBREUTTHoe. IBDS5,
OBEZLEEOEABERGFSHENRAT S, OFEECEERENEE -
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ENEERE S ARAE(CE T 205/ (RFTAUHTERRED) ARV, THole.

CNSOBERD, BEREKEAD, RRATOCOVID-19DRKE 2T 7%
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SEL LORARDEBNFENRATND ZEIFBSICRETES.

3. ER  SBRODAESERESBED0N?

BEDLSIC, COVID-19/VUFZwIlE, £EEN2EDRBZENTFT
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EFRTD. EHREEEFITDICD, BWRDIFUOBERENRAS
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Ffz, COVID-19FHBDZEZSL ([IEL) SEEITREL, X
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Wcs, ERPRIMEER [ Zbt &l U T iF@RERIT IC WV T, fEaRiHEZ
2IFTWVD. —F, RAEZHE (EFHEEE) OBRKRIHEDBFEDKLSICH
ERHBZDT, BRTOERHEDZIFIANTWVD. SFE (HH2FE)
DERRIMEEN S5 B2 N UR TOIHE (G531 BR) ZHLEL TV,
FEEDK SBERGZERR COMKFERE, BEL LTI TRE
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B3 Uhah oL
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4. BIEZEDH L ZLDEBNELT, RIETMZRET DI
&, BENIERLTVD (BZS<EROBD) BFHIC, TERREFR
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5. —RNICIE, FAU—ERPEHRIEE - HRU /AU OFIBEH (4
ERERE] D—D2EULTHHETERDT, F7IYR—Iv— vl
BED - 57 (B - 1E5) WAL SORRN DERWIRERHERFS
Nns. ZOHICE, NE - HEEEORE & OERGERE CH(C,
ErEBEDSDOYER - REN - FFHHEOHLFTNLEINS.

5. COVID- 19D/ T2 v I, EERATHEFEICOFEZRF LT
VB BRSNS, Z0ftcH, SROEMERMEPIXT «HILD
EBEPERISICEFEBLTVD THSS. Bl - NEPHERE (IR
BE - HHE - NP2 - B - K2 - KER) SERRIC, SERR
BTOBAERELTE, BRIHEELEVNWIAT 1 AILSITHT
EPEELH, SEEERGREDSDESHDBEEIEPTES
EDUE - IhFEIcHIFLIZL.
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BRZHT 2HEHRE) DREFEDEDINETHSS.
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1. #3857, (2018) FEMRIU IV Y F— L. BAREGRIEEHEZR
RAEZRER () | RAEZEERE Y = 17U (BAHBEGRREEE
FRBEIERS), 117124, EHEE R/

2. 54T, (2013) [FRADAE] B KU [FRAMEDITENDERAER ] BERICD
WT. #E@ES, 55, 317 -326.

7S EREl &3ah ?

— SHERE DEEE & RRREFI DR -
RS :

What is “Life Improvement Therapy” ?

-Importance of multidisciplinary collaboration -

2E5:

#eEAseAT 2, AMFTFR 2, RS, RELEY 2, MEKE
RYEER

UKAI Katsuyuki, MATSUI Chie, KATO Takayo, HATTORI Shiori,
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FRifE

1) G LIRS R EFEEHE WSNEHESNFR)

2) REBRARZFAZREFRTFREREZDE

3) e LREE—RR RAE - BARTIR—bF—LA
(RAVEEERESER)

4) e ERESE—Rk UNEUT—Ta VR
(EREAL - SRAMETRAEFIT)

Ex2 )

EESFISFLULRINS, [HENERE] LB Uiz, RAE
BEPZOFEICH LT, EFFEOHONR WRNGHESNF) THRREK
UTEfe. COEERERE] 3, BREEDFUIFTILORETHDH,
ZOWNBIIEET (RERORFEFHLL), [BLADOEE, I@b5, OEEE,
QBZE, QOEH, OMWEE, Ou=sil IR - B8 DSEBICELT,
BHENICHETSEEZITCT, TNSZRTELI EVWSTEZ, BE
EZDORE - NEBICHUTER - 88950, [FEnULTZDE
BZE#HRETCEDL D, BEQEFRREZEFTA TEFNICIIR - TX%Z
RO TBEE] THD. O EENEFE DREICE, SHEORHN
MEARTGRTHD. BRERS, [BEAERE] F, BEIC[—DDHE] (T
WUEFEEZDTERL, [OER - ORE - OF - OAES) - OH=
210 DSIEBICAT 2EE LTOEZ<OBERZMELT, TNSZIN
THETDEEZBRUT, TORBNERTEDLSICUETZHT
HD. FRECFEREBD [EENERE] DBERERB CESCRIEZ
WMANDEHC, VE—IVARIRANEREDOBERAZAVT, [EENERE
DEER7Z, MNRZERUTCEFRNCHENT L.

Keywords:53500E, FEEWEE, LENERE SHERS, RAETH.

FESFISFELLFIN DS, [EEABEEA] Eod U8B AZRAES
EBPZORKEICH LT, BEBER (LK, SR OSSR WENEHTESFR)
THRARE LTS, COEENEEA] 3, £BEEE LK, £5) 0F
UIFIVORETH 2N, ZOWNBIFEET (212U, EEROMBEIFHLLY),
[B4DEE, ghs, OER ORE OFH @ANGEE Oz
0 GZm - b OSIEBICEELT, BENICET 25tEZEIITT, 215
ERITEXR] VWS TEE, BECZORE - NESICHUTEH - 1887
BEEDBIC, MAIENULTCZDESBEZHRTTCED LI, BEDEFRRZE
BEX CERNICIIER - TRZERSTBEE] TH2.

O [EFUERE 7, B8 - RRICEBANICIEETZ LT, £B5
[FEBEDRAEEPQOL (EFEDEHE) h'a L2 EERRLTVBN, &
OENUEFSZNBRIETYELTRET 3(1CE, EBRRETDT—
FINENKETH Y, BENICEFRITEETH D ENERITHD.

O [EENEEE] ORECE, SHWEOHRBNUNEARTARCTHS. &
Bo, [EEMEEA] 3, —DO0FE BIR 1, BEFES - ML -0
OBERE) (CRWADO TR, [ORE - QRS - OFE) - @005 -
OB ICHAT2E<DBERZMELT, ZNOZINTHET DT
ENBREINDIZHTH .

ARETIE, SR ENFHHAR] TEREL TV D [EEUEEE] =,
U E—/I\FESRAERE DERAIZAVT, BENICBTLIZL.

BE, BESHHHT B MG LREE—RKi Lk k)11 85R
LR ITAIE o 2 FREREI2 365K (6FRiRH] - FEHRIRARRE L) D RMBIEE
RECHD. BT (2021578) OLRNKF, £& RAESME - RA
AEFRHEFILIEEE) - [RAESERTEHEM 1 ~ 2% - [RRONEL -
SRDIERT] 1RDEE3 ~ 4RBICK>TEEIN TV S.

Ffe, BHRMBE—SORNESEREEEN MHTR) OFEZZ
#(Z, 201010805 (BZF5<L, BPEID) [RAEY R—bF—LA
(Dementia Support Team: DST) | Di&Eh7ZRE Ulc (28R1IC, JEEISEAR
EEDERDIT, [RAE - BAETR— bF—L (Dementia-Delirium
Support Team:DDST) ] &2 UTz). IRIEDDDSTICIE, K14 (58E) -
RAEELRTEEENZS - /R VI F—212% - ZHEIE2E - EEY—
¥ )LD —H— (Medical Social Worker : MSW) 3% - fEE£RGAT14 -
BEXET1E - hREEL18, 651248 - 7THETERIN TV 2.

BB, FIHHD, BEDRZED A JLABRPE (COVID-19) /N FZy
IWICBVTIE, TOMEFUBEE] O THBEMSAARELFZ>TVS .

I. EFRT
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HIHAAT, EBIZIERTT S.

AEPIA : B4, 70mRH
[RBFE - RIKE]

REBRJIOBTICHER. RERACEFERTZISL, BAELSBR
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FHOFHICHIE LU TR T 2 0ERICHERE FRIF4N EFERBRE,
BELEDZTABSUL.

(BEERE]

351, BIERSRRT - BEAEHC T [/S—+ >V VK (PD) ] &gk nz.

ZDAth, FHEITNEBDRRL.

[IRFREE]
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ZORHER, [BEREICANRS T >TWVD] [BORMNNER] [
[CO—XFHEVNTH D] BEDLIEERDD LT, THIC, [
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SN2aLIICRoIZ.

HdH, [KEBRE—] EWUURBNLD, BTRIMSBEICRUE L.

WY RTRIRD, RADSHUB O ZRE, BHERROEAEICHE
MUIc. TORBR, XF, BEEREH(CERZIZ U,
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INHSHTTAE. LEF TR ICRENTUVEES, BFNSKRYIRY
EIED. RN EETH o/,
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P < HBOIBOSNE. INSOBFZ/NN—F VXL, £048-
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TWiefeh BN,

(IElORIE BRI 475) : MAFE, 203 E/VA, UNIXFT
=4.5mg /8.

BEEF, [BIEZTTVKDHERTY | [COREFHEBICFRERL
BW] LERA T

NERR(E [BNE2] DHENTYTLED, FIALTLEFAY—E
ATKSTIERT UTeT ENSG W Dl LT L.

(& R]

MABHEEZIRE | FICEERL.

FRIZE : HFICEHERU.

DBENRE | BICERERL.

FEEIVRI  ARNEBEOBREDRMMZE(LZRO 1.

MMSE (Mini-Mental State Examination) : 22 CXEES - #AKIT -
INEEDIZHRR).

UARES BROBRETHIEN, M TERUAR EREEUZDH.

2

N —F VY Z X I EREMEE R 1T 8 & = (REM sleep behavior
disorder : RBD) %3 [L E—/JM#f5s (L E—/JVFEIFRAIEE | Dementia
with Lewy bodies : DLB) |
6% EMEEEEFNERE) ]

(CEMIEEES) | SRAIMAERRS - SRICH LT - RRARYIVERL(CEE U,
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I1-2. B8
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IC [T RERESTAE) Z4REB L, BIBS(C [ N HEBEsIlR] D'SEhE - 88N, &
ERETHER UM (BB Y EE] © [ERE NESOHA] MEEIN
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SNS (social networking service) CRASBIEF EOEE - THBED
1881z,

I-5. #2200

REDWERF, RAEDOASHT ((BEDNFIRAITHAS - EO|
BFEDDLBIERICIEFDIFBRNKSICHF L), BEEREPELY), KSE
L7 E, HRIREOHREFHITINT L. BEDECREXED
LTWefedh, [DWTIC, BEEMOEBEDOIZBLPES LY ZLTEE
SHEREUIE [EDKSVEBLIZN] [FBRET, ).

Fle, MEEBFETELYI— (REEM TR [WEVNEEEYI—] &
RN B EDEET D [EERE| DS, BRETF2BDR—X THME
LTWB [ E—/IMFEIERAE D R— b= w D —2 (DLBSN) - 240] D32
RENDSIREDEDIC (B5). T5IC, HENHEEEEAZER)
PEENEET DEBEINY BN U, BENGFAZR U (R1, K6).

728, 5D [DLBSN] &(&, DIBOFEREBTH2/\RED) (EEDHED
E£D 1 A) BRI L c2ENRE/R T, DIBEEREZII TR, T8 -
EE - BURERE R CRCGEIE - IHBOFLHIEN LR TES. R,
SE20NFTICSZERNGAEHE (TU7) h'ap Y (FORERS © /\BR&Ea), STUT
HZNZNORREBEBEDD & IDRINITEE 2T >TNB Y. 2L,
2021F7RBRER, REDAIVABRRE/NY TZ Y IDcs, BHTRE
HREE LN CETLRWRES RS TWVS.

I-6. ZOf
(1) FAo—EREH

DEICTA O —ER TS TIVER I UL TW e Z & IFAmR U Tz,
IO, TAY—ERBRBICIFHERRERL TV, EEN [T —
EXTHUWA—IILUY RERDIFTRT £5-c&I3, BTHLT
WEEDRDEVGH S [ZDIREICER] Lic. TD%, BFHEIDT AU —
EXDOBRICE el &, RLICZTOEHEEPLIZIED, FRLIZE
HBINTHD.

(2) BEE (A8)

N—=FVY ZTLNBRREECE, BRABICAD T EERN >TUL.
BT A S —EXTIE, [ABNE OY—EXERIFSNBH >/zlz,
FHROE > TVeh, “ADRR (KPEELBRE) B T—HEICA>
T, BPZERLTND T EICB o, TO%IF, [BRSOBELFER
LW ERT, BLLLT]EDTETH .

m. (BHH) ER
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TREFNOBVEMCIHECHNT /B LNIBLD, BEHEMIC
BB DUIERIFZ/DO &, BAEZBEDDEPIE UIHHtECD
A (19994FLE) TH, WHABEDERFTY 5 GRIMELEDEFIRTT
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DKRICEBN, Z5RELTVE.

UhU, EBLHRREEZERD SHEIC, RIETE(ICHET D [HE/0
I—VIPREUSNBKS([CIRol. [RAEICKE, EFBEORERFH
KEVDTEBLN? | EBSKSICRBLDTHD. 2N 7% [RIENZR
W [EERIZDD, A0RRIF CTRELCEBDNZREEDZETH oIz,
ZOEEDRKBBIILUTTH D QOFLEFIDERITSH Y, LBEORER
ERTVRWVIS, ROESEICEEIE1E LT - ERMHEROICHMERZL
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FNSRRXTHREICHY, CICIFR FHEDHOKWRFEIIHE -
REPEFBD . CIFBIBRICKOEFMICT S8 L TLEK, TTRD
SELDD, [FF—BPEEBICEL>THY, HK20FEDOBICH LLERA
F—ABTERD o, &, KBICHELBIEZRITT (DOBETZ
w3), HE—DHETHIEVWYICE, BF - TVISR - RMDKR - B
FEBALTVZ. MURTTRIIHPR, KBLISE, FERE7 S
HZB(CT0REMU EEV TS EWSBETH . CICIEERAMEDKIE
FE(FED 12, A0RRIHT, sl AeE ofc. EENDYRZEICIE,
I TICRAEL T TILDT LY N1 X —i& (Alzheimer disease : AD) T
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Two cases of primary hyperparathyroidism in
elderly patients presenting with various physical
and neuropsychiatric symptoms -special
references to the characteristics of cognitive
impairment and pain generation mechanisms-

G LRSS —R EFEBER
BEEAFAZREZRATRHEREZD
#BEAEAT
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BIFFIRERIRIE (C K 2 RFEMBI PR ERIERETTERE (PHPT) D55 2 ERZ
"ML, TNSOBRERERABESORRE, REOHARNIVIFREDRZE
BREDS, PHPTORECERKERDOFHICOVWTERLL. TORBRE
T THofz. (1) PHPTEER 2ERITIE, BIFIRIRBREED AT
PIBRIEDERAIMEREIS, SR DRE - REK EERKRIC, KBICEL
fz. (2)PHPT DSRAEEDRFHIE, 7LV NA I—KICFELUZLTLB A,
BICEIRNDETHEIL S, (3) EEFRPHPTICHIF 2 RBREMSF
DERBRPDFND.

(87 (39)]

Two cases of primary hyperparathyroidism (PHPT) caused by
adenoma of the parathyroid gland involving elderly individuals are
presented. Based on the patients’ physical and neuropsychiatric
symptoms, cognitive impairments, and postoperative courses,
| discuss the pathophysiology and the characteristic clinical
symptoms of PHPT. The following results were obtained: 1) In
our two cases of PHPT, patients’ cognitive functions, as well as
physical and neuropsychiatric symptoms, improved significantly
after the surgical resection of parathyroid adenoma. 2) Although
the cognitive impairments caused by PHPT are similar to those
seen in Alzheimer' s disease, the impairment of attention is
particularly marked. 3) The mechanisms of pain of biochemical
PHPT should be further elucidated.
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A case of cerebral amyloid angiopathy-related
inflammation presenting with reversible white
matter lesions on magnetic resonance imaging
and shoulder-hand syndrome
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Abstract:

A case of cerebral amyloid angiopathy (CAA), which was
followed up for over 7 years, is presented. The case involved
a female in her early 80s, who appeared to have CAA-related
inflammation/angiitis based on magnetic resonance imaging (MRI)
performed at the first visit. However, the MRI findings of CAA-
related inflammation completely disappeared thereafter, and she
remained clinically stable for a long time. After about 5 years,
symptoms of subacute leukoencephalopathy, such as left-sided
hemiplegia and disturbances of consciousness, appeared, and
then shoulder-hand syndrome also developed in her left upper
extremity. The natural course and pathology of CAA-related
inflammation are discussed based on the patient’ s clinical course
and MRI findings. Once CAA-related inflammation occurs, it might
persist in a state of chronic inflammation, even if the patient’ s
clinical symptoms remain stable and any inflammation seems to
have been resolved. Furthermore, it is possible that shoulder-
hand syndrome can be caused by CAA-related inflammatory
leukoencephalopathy as well as cerebral infarctions.
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(MRIE) :

FLAIR imaging revealed high-intensity areas, which were
mainly localized in the left temporal lobe, except the bilateral
periventricular white matter. (A)

T2* imaging showed several scattered cerebral microbleeds,
mainly in the left temporal lobe. (B)

Figure 1: Cranial MRI performed at the first visit (in 200X)
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FLAIR imaging revealed that the high-intensity areas in the left
temporal lobe had completely disappeared.

Figure 2: Cranial MRI performed in 200X+1

FLAIR imaging revealed markedly high-intensity areas in almost
all areas of the cerebral white matter (including the white matter
inside the gyrus). (A)

T2* imaging showed numerous cerebral microbleeds throughout
the cerebrum. (B)

Figure 3: Cranial MRI performed after the steroid therapy (in
200X+5)
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ABSTRACT AND KEY WORDS

Abstract

Purpose: The purpose of this retrospective study was to investigate
the relationship between age and leakage of intravenously
administered gadolinium-based contrast agents (GBCAs) into the
cerebrospinal fluid (CSF) by volumetric segmentation of the whole-
cranium CSF.

Materials and methods: In 30 patients clinically diagnosed with
suspected endolymphatic hydrops, the three-dimensional real
inversion recovery (3D-real IR) images were obtained at pre- and
4 h post-intravenous administration of a single dose of GBCA.
The volume of interest was set on the whole-cranium CSF in the
3D-real IR image. The signal intensity (Sl)-increase of the ventricular
CSF and the extra-ventricular CSF at 4 h post-administration
of GBCA compared to pre-administration was measured. The
relationship between the age of the patient and the Sl-increase
was evaluated.

Results: A correlation between age and the Sl-increase was
observed in the whole-cranium CSF.

The correlation coefficient between age and the Sl-increase in the
ventricular CSF was higher than that in the extra-ventricular CSF.
Conclusion: An age-related leakage of the intravenously
administered GBCAs was found in the whole-brain CSF. The age-
related change in the distribution of the GBCA leakage was more
prominent in the ventricular CSF than in the extra-ventricular CSF.

Key words: magnetic resonance imaging, gadolinium, cerebrospinal
fluid, gadolinium leakage, aging, glymphatic system

TEXT
Introduction

Recently, a fluid pathway in the brain termed the glymphatic
system, which has a similar function to the lymphatic system in
the body, has been hypothesized [1]. In the glymphatic system,
the cerebrospinal fluid (CSF) functions as the medium for waste
clearance [1]. Waste products including amyloid beta are
removed from the brain by the CSF-interstitial fluid exchange via
the perivascular space (PVS) [1]. Using magnetic resonance (MR)
imaging, studies have indicated that intravenously administered
gadolinium-based contrast agents (GBCAs) leak into the CSF or the
PVS in the basal ganglia at a delayed phase after administration,
even in healthy human subjects without renal insufficiency or
a disrupted blood-brain barrier (BBB) [2, 3]. The amount of
intravenously administered GBCA leakage into the CSF is too
small to be detected using conventional T1-weighted imaging [3].
However, the presence of the GBCA can be detected using heavily
T2-weighted three-dimensional fluid-attenuated inversion recovery



(hT2w-3D-FLAIR) imaging, which is highly sensitive to subtle T1
shortening in the fluid compartments [4].

The accumulation of gadolinium after repeated intravenous
administrations of GBCA (IV-GBCA) in the brain parenchyma, such
as the dentate nucleus and the globus pallidus, has been reported
[5]. However, it is thought that a GBCA with an intact chelate does
not cross the BBB and will not enter the brain parenchyma readily
[6]. The deposition of gadolinium in the brain parenchyma might
be driven by flow of the CSF containing GBCAs into the brain
parenchyma via the glymphatic system [7]. The possibility that
the CSF is the vehicle for the transport of GBCA into the brain has
been suggested in a previous study using rats [8]. Other regions
with higher concentrations of GBCAs compared to CSF, such as
the area close to the peripheral part of the cranial nerve and the
cortical veins including the vein of Labbe, have been suggested as
the route by which GBCA in the blood vessels leaks into the CSF [2,
9, 101.

Recently, the existence of lymphatic vessels in the central
nervous system has been reported [11]. In addition, a study
using MR imaging after IV-GBCA reported the visualization of the
pathways that may connect to the meningeal lymphatic vessels
[12]. The behavior of GBCAs in the CSF might thus have the
potential to help elucidate the fluid dynamics of the brain.

Alternatively, it has been reported that the degree of the
GBCA leakage into the PVS is associated with the presence of
endolymphatic hydrops (EH) in the inner ear [13]. The previously
reported studies found that the leakage of GBCA into the CSF
surrounding the cortical veins was dependent on age and
was more pronounced in subjects older than 37 years [9, 14].
Glymphatic dysfunction is thought to be closely related to aging
and may be a cause of neurodegenerative changes in the brain [1,
15]. These findings suggest that the behavior of GBCAs in the CSF
might be a link to glymphatic function. However, the changes in the
distribution of GBCAs have only been assessed regionally in the
CSF of the cranium [2, 9, 10]. The assessment of CSF distribution
changes over the entire cranium has not yet been examined.

In our clinical assessment for inner ear endolymphatic hydrops
(EH), we routinely obtain hT2w-3D-FLAIR and the 3D-real inversion
recovery (3D-real IR) images after IV of a single dose of GBCA (IV-
SD-GBCA). The 3D-real IR image has a high sensitivity to small
amounts of GBCAs in the fluid, similar to hT2w-3D-FLAIR imaging
[16]. Since the field of view of the 3D-real IR imaging includes the
whole cranium [17], we thus have the opportunity to observe the
distribution of the intravenously administered GBCAs in the CSF
over this entire area. Although it has been reported that the GBCA
leakage into the CSF is distributed at a higher concentrations in the
cerebral cisterns than in the lateral ventricles [18], when observing
the whole-cranium images, we noticed that this distribution of
GBCA leakage might be altered with aging.

The purpose of this study was to investigate the factors,
including patient age, which may affect the leakage of the
intravenously administered GBCAs into the CSF, and to assess
the age dependence of such distribution changes by volumetric
segmentation of the whole-cranium CSF using MR imaging.

Materials and methods

The medical ethics committee of our hospital approved this
retrospective cross-sectional study with a waiver of written
informed consent from the patients.
MR imaging

Thirty patients clinically diagnosed with suspected EH who
underwent MR imaging from November, 2017 through April,
2019 were enrolled in this study (men: 16, women: 14, ages: 21-
80 years old, median: 56 years old). The patients in this study
were partly overlapped with previous study [18]. The estimated
glomerular filtration rate (eGFR) of all patients exceeded 60 ml/
min/1.73m2. All MR imaging was performed on a 3-tesla MR
scanner (MAGNETOM Skyra; Siemens Healthcare, Erlangen,
Germany) with a 32-channel phased-array head coil. The contrast
agent administered to patients in this study was a macrocyclic
GBCA (Gd-HP-DO3A: ProHance; Eisai, Tokyo, Japan). A single dose
of GBCA was defined as 0.1 mmol/kg body-weight. The 3D-real
IR images were obtained pre-administration and at 4 h post-IV-
SD-GBCA. The 3D-real IR imaging was based on a hT2w-3D turbo
spin echo sequence (TR=15130 ms, TE=544 ms) with a non-slab
selective IR preparation pulse. The waiting time after the IR pulse
was set to 2700 ms. The voxel size was 0.5 X 0.5 X 1.0 mm. The
slab thickness was 256 mm, and the center of the imaging slab
was placed at the mammillary body. The orientation of the imaging
slab was parallel to the anterior commissure-posterior commissure
line and the bilateral cochlear modiolus. Detailed parameters of
the 3D-real IR imaging are summarized in Table 1.
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Image analysis

Image analyses were performed with a DICOM viewer (OsiriX

version 5.8 32 bit; Pixmeo SARL, http://www.osirix-viewer.com/)
in this study. We corrected the misalignment between the 3D-real
IR images obtained at pre- and post-1V- SD-GBCA, using an OsiriX
function, which was based on manual pixel alignment. In the
pre-IV-GBCA 3D-real IR image, the volume of interest (VOI) was
placed in the ventricular CSF and the whole-cranium CSF, using
the 3D region-growing method of the OsiriX function. The whole-
cranium CSF included the CSF located in the cranium above the
Foramen magnum. The ventricular CSF included the CSF located
in the lateral, third, and fourth ventricles. An example of the
3D-rendering display of the VOI is shown in Fig. 1. The VOIs from
the pre-administration images were copied and pasted onto the
coregistered 4 h post-IV- SD-GBCA images. The volume and signal
intensities (SIs) of the VOI on the pre- and 4 h post-IV- SD-GBCA
images were measured. The measurement parameters obtained
from the VOI analyses were defined as shown below.

1. VOLwhoe: volume of the VOI in the whole-cranium CSF

2. VOLven: volume of the VOI in the ventricular CSF

3. VOLexven: volume of the VOI in the extra-ventricular CSF,
calculated as follows:

VOLexven = VOLwhote - VOLven

4. Slwnote: averaged Sl of the VOI in the whole-cranium CSF

Slven: averaged Sl of the VOI in the ventricular CSF

6. Slexven: averaged S| of the VOI in the extra-ventricular CSF,
calculated as follows:

SlexVen = (Sl\/\/hole X VOLWhoLe - SlVer\ X VOLVer\) / VOLexVen CSF

7. Sl-InCwnote: Sl-increase of the whole-cranium CSF at 4 h
post-IV-SD-GBCA compared to that at pre-administration,
calculated as follows:

Sl-INCwhole = (Slwhote at 4 h post-IV-SD-GBCA) - (Slwhole at pre-
administration)

8. Sl-InCven: Sl-increase of the ventricular CSF at 4 h post-IV-SD-
GBCA compared to that at pre-administration, calculated as
follows:

Sl-InCven = (Slven at 4 h post-1V-SD-GBCA) - (Slven at pre-
administration)

9. Sl-InCexven: Sl-increase of the extra-ventricular CSF at 4 h
post-IV-SD-GBCA compared to that at pre-administration,
calculated as follows:

Sl-INCexven = (Slexven at 4 h post-IV-SD-GBCA) - (Slexven at pre-
administration)

10. Sk-InCratio: ratio of the Sl-increase in the ventricular CSF to the
extra-ventricular CSF, calculated as follows:

Sl-INCratic = SI-INCven / SI-INCexven

Ul

Statistical analysis

Statistical analyses were performed with free statistical software
(R software version 3.6.1; The R Foundation, https://www.r-project.
org/). To determine the explanatory variables for the subsequent
multivariate analysis, a univariate analysis was performed. The
examined variables were the VOLwnoe and our clinical cohort
data, which included age, gender, body-weight (BW), systolic
blood pressure at pre-IV-GBCA (BP), and the volume ratio of the
endolymphatic space to the whole lymphatic space (%ELw). The
%ELwot was obtained according to the previously reported study at
clinical diagnosis [19]. The values for the cochlear and vestibular
%ELwl Of the left or right ear, whichever had the higher %ELuo,
were used in the statistical analyses. The relationship with the SI-
INCwhole in the VOLwhoke, age, BW, BP, and the %EL.o were evaluated
using Spearman's correlation coefficients. The difference in the SI-
InCcwhole With gender was evaluated using a Mann-Whitney U test.
A multiple regression analysis was performed with the Sl-InCwhote as
the objective variable. The variables with significant differences in
the univariate analyses were adopted as the explanatory variables.

The difference between the Sl-Incven and the Sl-INCexven Was
evaluated using a Wilcoxon signed-rank test. The correlation
between patient age at the time and the SI-Incven and the SI-INCexven
was evaluated using a Spearman's rank correlation coefficient.
The correlation between patient age and the SI-InCraio Was also
evaluated using a Spearman's rank correlation coefficient. We
defined 5% as a threshold for statistical significance.

Result

For the univariate analyses, there were significant correlations
between the Sl-Incwnoe and patient age (o = 0.532, P = 0.002),
and the Sk-Incwnole and the vestibular %ELwl (0 =-0.420, P = 0.021).
The Spearman's rank correlation coefficients for the Sl-InCwnole are
summarized in Table 2. The median of the Sl-Incwnoe for men was
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15.1, with a range of 8.9 to 27.6. The median of the Sl-InCwhole
for women was 15.4, with a range of 12.7 to 29.5. There was no
significant difference in the Sl-Incwnole With respect to gender (P =
0.632).

For the multivariate analysis, the SI-InCwnole Was set as the
objective variable, and patient age and the vestibular %ELuol,
which were statistically significant in the univariate analyses, were
included as the explanatory variables. The result of the multiple
regression analysis is summarized in Table 3. Patient age was
indicated statistically to be an explanatory factor affecting the
degree of Sl-Incwnole (B = 0.547, P = 0.001), although there was
no significant correlation between the Sl-Incwnole and the vestibular
%ELwol (B =-0.292, P = 0.063).

The median of the Sl-InCexven Was 16.2, with a range of 9.1 to
28.6. The median of the Sl-Incven was 10.2, with a range of 1.3 to
35.8. The Sl-InCexven indicated a significantly higher value than the
Sl-InCven (P < 0.001) (Fig. 2). The Sl-InCven and the Sl-INCexven had a
significant positive linear correlation to patient age (o = 0.575, P =
0.001 for the Sl-InCven, 0 = 0.466, P = 0.009 for the Sl-INCexven) (Fig.
3). The Sl-Incratio indicated a significant positive linear correlation
with age (o = 0.421, P = 0.020) (Fig. 4). Representative images
are shown in Fig. 5.

Discussion

In this study, we investigated the relationship between GBCA
leakage and age by measuring the SI of the whole-cranium CSF
at 4 h post-IV-SD-GBCA. Age was one factor affecting the leakage
distribution of the intravenously administered GBCAs into the CSF
in our clinical cohort. The GBCA leakage increased with age and
was distributed in higher concentrations in the extra-ventricular
CSF than the ventricular CSF. However, the distribution of GBCA
leakage in the ventricular CSF showed a more pronounced
correlation to age than that in the extra-ventricular CSF.

A previous study reported that GBCA leakage is more prevalent
in the cerebral cisterns than the lateral ventricles [18]. In the
present volumetric study, the Sl-increase was found to have higher
value in the extra-ventricular CSF than in the ventricular CSF and
there was no strongly enhanced area near the choroid plexus in
the ventricular CSF, which would have been an indicator of GBCA
leakage from the choroid plexus. In addition, it has been suggested
that the choroid plexus does not play a significant role in CSF
hydrodynamics in the brain [20]. Therefore, the choroid plexus
might be an unlikely pathway for leakage of the intravenously
administered GBCAs into the CSF, as a previous study has
suggested [18].

High concentrations of GBCAs have been reported in the CSF
surrounding the cortical vein and the vein of Labbe, and it is
speculated that these veins are the pathway for the leakage of
intravenously administered GBCAs into the CSF [9, 10]. A recent
study detected the GBCA in the CSF after IV administration, and
found that the GBCA concentration in the CSF was higher in
older subjects [21]. It has been thought that BBB permeability
increases associated with aging [22]. The GBCA distribution and
age-dependent distributional changes in the CSF found in this
study support these previous reports [9, 14, 21, 22]. However, the
remarkable finding of this study was that the association of the
GBCA distribution with age was stronger in the ventricular CSF
than in the extra-ventricular CSF. This GBCA distribution change
might be involved disruption of water homeostasis due to a
decline of turnover in the ventricular CSF, including decreased CSF
absorption via the ependymal and decreased vascular permeability
of the choroid plexus.

It has been reported that the temperature of CSF, which
suggests brain metabolism, declines in the lateral ventricles with
the normal process of aging, although cerebral blood flow is
preserved [23]. However, the lateral ventricles of patients with
normal pressure hydrocephalus (NPH) were reported to indicate
higher temperatures compared to those of healthy subjects [24].
They speculate the increased temperature of the lateral ventricular
CSF in the patient with NPH was due to lack of CSF-exchange
between the lateral ventricles and subarachnoid space [24]. We
hypothesized that leakage of GBCA into the CSF indicate the
permeability of the CSF-blood barrier; concentration of GBCA in
the CSF might be indicator of the accumulation of molecules in
the CSF, which increase osmotic pressure. According to the GBCA
distribution change in the present study, it was speculated that
osmotic pressure in the ventricular CSF might be more dependent
on the age than that in the extra-ventricular CSF; the higher
osmotic pressure would cause accumulation of CSF. Therefore, it
was considered that the ventricular temperature and the degree of
GBCA leakage associated with aging might have a potential to be
an indicator of the imbalance of the distribution of CSF in the brain,

i.e. NPH. Thus, the clinical implication of finding in present study
might be important for future investigations of the relationship
between leakage of intravenously administered GBCAs and
glymphatic function. The signal enhancement after intravenously
administered GBCAs in the patients with neuromyelitis, which
suggests a disruption of the leptomeningeal blood barrier, has
been reported [25]. It has been reported that the timing of venous
drainage from arterial blood between the deep and superficial
venous systems shifts with age and that the timing shift occur
prior to ventricular enlargement [26]. The accumulation of such
fundamental insights might support the idea that the detection
of GBCA leakage into the CSF, i.e., the age-dependence of the
blood-CSF barrier permeability, could be a potential biomarker for
neurodegeneration and neuroinflammation in the future.

A negative correlation between the EH volume and the signal
enhancement of the PVS in the basal ganglia has been reported
[13]. However, a recent report found there was no significant
correlation between GBCA leakage from the cortical veins and the
degree of EH [9]. In this study, a negative correlation between the
GBCA distribution in the whole-cranium CSF and the vestibular EH
volume was found by univariate analysis, however, the correlation
was negated in the multivariate analysis. It has been considered
that the EH tends to occur in the unilateral cochlea initially [27].
The association with the distribution of GBCA leakage into the
CSF might be detected in more advanced vestibular EH. The
relationship between the EH volume and GBCA leakage into the
CSF should be carefully investigated.

This study has some limitations. There was a small number of
subjects, which were patients diagnosed with a suspicion of EH.
An investigation with a larger number of healthy subjects would
be warranted for further study. The interesting finding in this study
was the association with age. Since this study only examined
a single time point, a study to track the age-related changes in
GBCA leakage over time would be important.

In conclusion, an age-related increase of the intravenously
administered GBCA leakage was found in the whole-brain CSF.
The age-related distribution change of the GBCA leakage was
more prominent in the ventricular CSF than in the extra-ventricular
CSF. These results might be important for the future development
of an imaging biomarker of neurodegeneration.
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TABLES

Table 1 Detailed pulse sequence parameters

Pulse sequence name 3D-real IR
Pulse sequence type SPACE with inversion pulse
Repetition time (ms) 15130

Echo time (ms) 549
Inversion time (ms) 2700

Fat suppression CHESS

Flip angle (degree) 90 / constant 145
Section thickness / gap (mm) 1.0/0.0
Pixel size (mm) 0.5 x 0.5
Number of slices 256

Echo train length 256

Field of view (mm) 165 X 196
Matrix size 324 x 384
Parallel imaging / Accel. factor GRAPPA / 3
Band width (Hz / Px) 434
Number of excitations 1

Scan time (min) 11.4

3D-real IR, three-dimensional real inversion recovery (phase
sensitive reconstruction); SPACE, sampling perfection with
application-optimized contrasts using different flip angle
evolutions; CHESS, chemical shift selective; GRAPPA, generalized
auto-calibrating partially parallel acquisition

Table 2 Spearman'’s correlation coefficients with signal intensity
increase in the whole-cranium cerebrospinal fluid

et gy e e Vej:E‘E“}a‘ VOLuee SHNCurok
Mean yegﬂs-éld 507 kg Qﬂfn@H% 167% 0% 1817ml 167
D ye;égt)ld 119kg r%fg 121%  195%  S68ml 53
Median yeaffold 508kg r;fn“Hf’g 128%  257% 1844ml 154

0532 0.069 0.061 0039 -0420 0052

o S e 2 2 S e NA
(P-valug) (P=0002° (P=0717) (P=0747) (P=0837) (P=0021) (P=0785)

BW, body weight; BP, systolic blood pressure at pre-contrast;
%ELwot, volume ratio of the endolymphatic space to the whole
lymphatic space; VOLwno, volume of the whole-cranium
cerebrospinal fluid (CSF); Sl-Incwnote, Signal intensity increase of the
whole-cranium CSF at 4 h post-contrast; NA, not applicable; SD,
standard deviation; an asterisk (*) indicates statistically significant

Table 3 Multiple regression analysis for the prediction of the signal
intensity increase in the whole-cranium cerebrospinal fluid

Unstandar(f\zed Standardifed
partia partia
regression 95% Clfor B regression
coeficient coeficient
Variable B Standard error | Lowerbound  Upper bound 8 tvalue  Pvalue

(Intercept) | 8.969 3159 2487 15451 NA 2839 | 0.008*
Patientage | 0.195 0.054 0.085 0.305 0547 | 3632 | 0001

VeStOUEr | ogg0 0041 | 0164 0005 | 0292 | 1942 | 0063

Adjusted R-squared = 0.343, P = 0.001

Cl, confidence interval; %ELw. volume ratio of the endolymphatic
space to the whole lymphatic space; NA, not applicable; an
asterisk (*) indicates statistically significant

CAPTIONS FOR ILLUSTRATIONS

Fig. 1 An example of the rendering display of the volume of
interest (VOI). The VOI of the ventricular cerebrospinal fluid
(CSF) (a), and the whole-cranium CSF (b), were set on the three-
dimensional real inversion recovery image obtained at pre-
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intravenous administration of a single dose of gadolinium-based
contrast agent

Fig. 2 A box-and-whisker plot showing the signal intensity (SI)
increase of the cerebrospinal fluid (CSF) in the ventricle and that
in the extra-ventricle at 4 h post-intravenous administration of a
single dose of gadolinium-based contrast agent. The Sl-increase of
the extra-ventricular CSF indicated a significantly higher value than
that of the ventricular CSF (P < 0.001)

Fig. 3 Scatterplots showing patient age and the signal intensity (SI)
increase in the ventricular cerebrospinal fluid (CSF) (SI-InCven) (@),
and that of the extra-ventricular CSF (Sl-InCexven) (b) at 4 h post-
intravenous administration of a single dose of gadolinium-based
contrast agent. There was a significant positive linear correlation
between patient age and the Sl increase in the ventricular CSF (o
= 0.575, P =0.001), and the extra-ventricular CSF (o = 0.466, P =
0.009). Note that the slope of regression line and the correlation
coefficient is larger in the Sl-InCven than in the Sl-INCexven

Fig. 4 A scatterplot showing patient age and the signal intensity
(Sl) increase ratio of the ventricular CSF to the extra-ventricular
CSF (Sl-Incratio) at 4 h post-intravenous administration of a single
dose of gadolinium-based contrast agent. There was a significant
positive linear correlation between age and the Sl increase ratio (o
=0.421, P =0.020)

Fig. 5 The three-dimensional inversion recovery images of a
39-year-old male obtained at pre- administration (a) and that at 4
h post-intravenous administration of a single dose of gadolinium-
based contrast agent (IV-SD-GBCA) (b) and the images of a
68-year-old female obtained at pre-administration (c) and that
at 4 h post-IV-SD-GBCA (d). The degree of enhancement in the
cerebrospinal fluid (CSF) of the 68-year-old female was more
prominent than that of the 39-year-old male in both the ventricular
and extra-ventricular regions (arrows). A strongly enhanced area of
the CSF can be observed in the image of the elder subject (circle)

Preoperative physical activity predicts
postoperative functional recovery in
gastrointestinal cancer patients

Abstract

Purpose: The present study aimed to investigate the association
between preoperative physical activity (PA) and postoperative
functional recovery in gastrointestinal cancer patients.

Materials and Methods: In this prospective study, we included
101 patients who underwent colorectal or gastric cancer surgery.
Primary outcome was 6-minute walk distance (6MWD) decline
ratio [(postoperative 6MWD value - preoperative 6MWD value) /
preoperative 6MWD value X 100 (%)], which was determined as
postoperative functional recovery. Patients were divided into two
groups according to the median of 6MWD decline ratio: above
the median (non-decline group) and below the median (decline
group). The international physical activity questionnaire (the
usual 7-day short version) was used to assess preoperative PA
and sedentary time. Multivariate logistic regression analysis was
performed to identify predictive factors of postoperative functional
recovery.

Results: Preoperative PA [odds ratio (OR): 3.812; 95% confidence
interval (Cl): 1.326-10.956; p = 0.01], 6BMWD (OR: 1.006; 95%
Cl: 1.002-1.011; p < 0.01), C-reactive protein (OR: 4.138; 95% Cl:
1.383-12.377; p = 0.01), and combined resection (OR: 3.425; 95%
Cl: 1.101-10.649; p = 0.03) were associated with postoperative
functional recovery.

Conclusions: Preoperative PA is a predictor of postoperative
functional recovery in patients who undergoing gastrointestinal
cancer surgery.

Keywords: physical activity; postoperative functional recovery;
older patient; colorectal cancer; gastric cancer

Introduction

Globally, gastrointestinal cancers, such as colorectal and
gastric cancers, are some of the most frequently diagnosed
cancers in both sexes [1]. Patients who undergo abdominal
surgery experience postoperative functional decline, and cancer
has been reported as a risk factor for postoperative prolonged

functional decline [2]. Furthermore, the percentage of patients
who did not return to their preoperative level of physical function
6 months after surgery was approximately 30% among patients
who underwent abdominal surgery [2]. Physical function and
performance status are negatively correlated in patients with
cancer [3], and performance status before chemotherapy,
including adjuvant chemotherapy, has been associated with
chemotherapy toxicities in patients with gastrointestinal cancer [4].
Because postoperative functional decline may negatively impact
the subsequent treatment, it is important to predict, prevent, and
reduce postoperative functional decline.

Physical activity (PA) is one of the modifiable factors associated
with physical function [5]. Previous longitudinal studies have
reported that low PA and longer sedentary time adjusted PA were
associated with functional decline in older people and suggested
that people with low PA or longer sedentary time have a higher
risk of functional decline in the future [6,7]. In gastrointestinal
cancer patients, it has been reported that preoperative PA
was related to postoperative recovery, such as an ability to
stand unassisted after surgery, and postoperative hospital stay
[8,9]. Although it is speculated that preoperative PA may affect
postoperative recovery in patients with gastrointestinal cancer,
an ability to stand unassisted mainly reflects lower limb muscle
strength, and prolonged postoperative hospital stay is reportedly
influenced by social factors [10]. Therefore, an ability to stand
unassisted and postoperative hospital stay are not an adequate
indicator of recovery postoperative functional recovery. Hence,
the association between preoperative PA or sedentary time and
postoperative functional recovery assessed by outcomes that are
more strongly reflect functional recovery needs to be clarified.

The 6-minute walk distance (6MWD) is a useful assessment of
physical function and is widely used in the field of rehabilitation.
6MWD is also reportedly a valid indicator of postoperative
recovery in patients undergoing gastrointestinal surgery [11,12].
A previous study reported that the mean 6MWD in patients
undergoing gastrointestinal surgery reduced from 478 m
preoperatively to 429 m at 3 weeks postoperatively [11], and that
this decrease was greater than the minimal clinically important
difference of 14m for 6MWD in patients undergoing colorectal
surgery [13], indicating that a large postoperative functional
decline may also occur in patients undergoing gastrointestinal
cancer surgery. However, the association between preoperative PA
or sedentary time and postoperative functional recovery measured
by 6MWD has not been clear in patients with gastrointestinal
cancer. Therefore, the purpose of this study was to investigate
the association between preoperative PA or sedentary time and
postoperative functional recovery measured by 6MWD in patients
with gastrointestinal cancer.

Materials and Methods

Study design, patients, and ethics

In this prospective study, 101 patients who underwent open
or laparoscopic surgery for primary colorectal (n = 76) or gastric
cancer (n = 25) between October 2016 and August 2020 at
Kamiiida Daiichi general hospital were enrolled. Exclusion criteria
were patients who (1) needed assistance to walk preoperatively,
(2) had cognitive dysfunction preoperatively, (3) had simultaneous
cancer, (4) underwent palliative surgery, (5) had postoperative
hospital stay of > 3 weeks, and (6) missing data. All patients
underwent rehabilitation from the day after surgery (twice a day
on weekdays and once on Saturdays), including mobilization;
ambulation; and breathing, aerobic, and muscle strength exercises.
This study was approved by the ethics committee of Kamiiida
Daiichi General Hospital and Nagoya University School of
Medicine. Prior to participation, all patients were provided with a
thorough explanation of the study and provided written consent in
accordance with the Declaration of Helsinki.

Primary outcome

The primary outcome was 6MWD decline ratio [(postoperative
6MWD value — preoperative 6MWD value) / preoperative 6MWD
value 100 (%)] calculated according to a previous study [14],
which was determined as postoperative functional recovery. The
6MWD was measured within 1 week before surgery (preoperative
6MWD) and 1 to 3 days before discharge (postoperative 6MWD)
according to a standardized procedure described by the American
thoracic society committee on proficiency standards for clinical
pulmonary function laboratories [15]. Patients were instructed to
walk the predetermined course as far as possible for 6 minutes.



Preoperative physical activity and sedentary time

Preoperative PA and sedentary time were assessed using
the Japanese version of the usual 7-day short version of the
international physical activity questionnaire (IPAQ-SV) within
1 week before surgery. This questionnaire was used to assess
vigorous- to moderate-intensity PA and walking activity during
the usual 7 days and sedentary time during the usual a weekday
[16.17]. Each activity type and intensity score were assigned a
metabolic equivalent (MET) value according to the published
protocol (e.g., METs for vigorous intensity = 8.0, moderate
intensity = 4.0, walking = 3.3) [18]. Patients were classified into
three groups (e.g.. high, moderate, low) according to the published
IPAQ scoring protocol. We then defined high and moderate as
"active", and low as "inactive" according to a previous study [19].

Preoperative muscle strength and gait speed

Grip strength was measured once on each side using a
dynamometer (Grip-D, TKK 5401; Takei Scientific Instruments Co.,
Niigata, Japan), and the average of each pair of measurements
was calculated [20]. Usual gait speed was measured over a 10-m
distance between the 3- and 13-m marks of a 16-m walkway [21].
These measurements were obtained within 1 week before surgery.

Patient characteristics, surgery-related variables, and data collection

Age, gender, body mass index, Brinkman index, presence of
polypharmacy, pulmonary function, presence of comorbidities,
eastern cooperative oncology group performance status, cancer
type (colorectal or gastric), and pathological TNM stage were
recorded as patient characteristics. Polypharmacy was defined as
intake of five or more daily medications [22].

Surgery-related variables including surgical approach (open or
laparoscopic), combined resection, operative time, blood loss,
and postoperative complications and postoperative hospital stay
were recorded. CD classification was used to grade postoperative
complications (grades 1-5) [23,24]. To eliminate the possibility of
description bias in patient records, grade 1 complications were
excluded, and complications above CD grade 2 were considered
postoperative complications.

The preoperative serum levels of albumin, C-reactive protein
(CRP), and hemoglobin, and white blood cell and total lymphocyte
counts were collected from electronic medical records. The
prognostic nutrition index (PNI), a nutritional status indicator, was
assessed using the following equation: PNI = 10 serum albumin
(mg/dL) + 0.005 total lymphocyte count [25].

Statistical analysis

All continuous variables were expressed as medians (interquartile
ranges). Patients were divided into the following two groups
according to the median of 6BMWD decline ratio: above the
median (non-decline group) and below the median (decline
group). Differences between the two groups were analyzed using
the chi-squared test or Fisher’ s exact test for categorical variables
and the Mann-Whitney U test for continuous variables. Multivariate
logistic regression analysis was performed to identify predictive
factors for postoperative functional recovery. Variables with p <
0.10 in univariate analysis were entered as independent variables
in multivariate analysis. Multivariate logistic regression analysis
was performed with (model 2) and without (model 1) sedentary
time adjustment. All statistical analyses were performed using EZR
version 1.40 (Saitama Medical Center, Jichi Medical University,
Tochigi, Japan) [26].

Results

The median of 6MWD decline ratio was -9.0 % (figure 1). After
dividing patients into two groups based on the median of 6MWD
decline ratio, 51 patients were assigned to the non-decline group
and 50 patients to the decline group. There was no significant
decrease in 6BMWD in the non-decline group [preoperative vs.
postoperative: 460 (370-510) vs. 455 (390-510); p = 0.39],
although there was a significant decrease in 6GMWD in the decline
group [preoperative vs. postoperative: 505 (431-572) vs. 397
(308-462); p<0.01] during the study period [median postoperative
hospital stay: 12 (10—14) days] (figure 2). On analyses of patient
characteristics, and comparisons of characteristics and measured
variables between the two groups (table 1), no significant
differences were observed, except for preoperative PA, 6MWD,
CRP, and combined resection. Patients who were inactive tended
to be more, and with combined resection were significantly more
in the decline group than in the non-decline group (p = 0.07 and
p = 0.04, respectively). Preoperative 6MWD and CRP levels were
significantly higher in the decline group than in the non-decline
group (p = 0.01 and p = 0.02, respectively).
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Preoperative PA, 6MWD, CRP, and combined resection had
a value of p < 0.10 on univariate analysis, and underwent
multivariate analysis as potential factors for postoperative
functional recovery (table 2). Preoperative PA [odds ratio (OR):
3.812; 95% confidence interval (Cl): 1.326-10.956; p = 0.01],
6MWD (OR: 1.006; 95% Cl: 1.002-1.011; p < 0.01), CRP (OR:
4.138; 95% Cl: 1.383-12.377; p = 0.01), and combined resection
(OR: 3.425; 95% CI: 1.101-10.649; p = 0.03) were identified
as predictive factors for postoperative functional recovery,
independently of preoperative sedentary time. The OR for the
occurrence of postoperative functional decline was shown in
increments of 1 m in 6MWD and 1.00 mg/dL in CRP level.

Discussion

The main finding of the present study was that preoperative
PA was positively associated with postoperative functional
recovery, independent of sedentary time in patients who
underwent gastrointestinal cancer surgery. Our study was the
first to investigate the association between preoperative PA
and postoperative functional recovery by measuring 6MWD in
patients who underwent gastrointestinal cancer surgery. Previous
studies have reported that regular preoperative exercise habits
were related to postoperative early ambulation in patients who
underwent open abdominal aortic aneurysm surgery [27] and
preoperative step counts were correlated with postoperative
step counts in colorectal cancer patients [28]. In a previous
randomized control trial comparing the early mobilization group
with the normal group of patients who underwent abdominal
cancer surgery, postoperative 6MWD was significantly higher
in the early mobilization group than in the normal group [29]. It
was speculated that preoperative inactive patients might take
longer to progress to postoperative mobilization and might delay
postoperative improvement in physical function. Furthermore,
Yasunaga et al. reported that the time spent in moderate-to-
vigorous intensity PA was more strongly associated with physical
function than sedentary time among community-dwelling older
people [30]. Thus, moderate-to-vigorous intensity PA might be
a strong factor influencing short-term postoperative functional
recovery compared to sedentary time.

Independent of PA, preoperative 6MWD was found to be
associated with postoperative functional recovery in our study.
Tahiri et al. reported that patients with higher preoperative
physical function were more likely to experience postoperative
functional decline after abdominal surgery [2]. Another previous
study also indicated that patients with lower preoperative 6MWD
had greater improvement in 6MWD with prehabilitation compared
to patients with higher preoperative 6MWD in colorectal cancer
patients [31]. The results of the present study support the results
of these previous studies and it was suggested that postoperative
rehabilitation might have resulted in better improvement in
6MWD in patients with lower preoperative 6MWD. Therefore, it
was assumed that preoperative PA and physical function might
respectively affect postoperative functional recovery.

In the present study, preoperative CRP level was related
to postoperative functional recovery assessed by 6MWD. A
previous study showed that postoperative CRP was associated
with preoperative CRP in colorectal cancer patients [32]. It has
also been reported that CRP is associated with skeletal muscle
mass loss [33], and skeletal muscle mass was associated with
cardiorespiratory fitness in community-dwelling people [34]. The
6MWD was associated with peak oxygen consumption in patients
with gastrointestinal disease [35]. It was suggested that patients
with higher preoperative CRP might also have postoperative
hyperinflammation and reduced skeletal muscle mass, which might
lead to postoperative functional decline evaluated by 6MWD.

We reported that the presence of combined resection was
associated with postoperative functional decline. Previous studies
indicated that operative time was significantly longer in patients
with than without combined resection in cases of colorectal and
gastric cancers, wherein patients underwent laparoscopic surgery
[36. 371. In addition, the longer the operative time, the poorer
the recovery of physical function according to the questionnaire
recorded after 1 month postoperatively in colorectal cancer
patients [38]. In our study, operative time was significantly longer
in patients with than without combined resection [303 (257-381)
Vs, 246 (186-318); p < 0.01]. Therefore, it was presumed that the
risk of postoperative functional decline increased because physical
burden increased due to prolonged operative time by combined
resection.

In recent years, prehabilitation, which involves preoperative
exercise interventions to improve postoperative outcomes,
has received much attention. A previous study reported that
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prehabilitation improved preoperative and postoperative 6MWD
in colorectal cancer patients [39]. To prevent postoperative
functional decline, we need to focus not only on improving
preoperative functional capacity, but also on increasing PA.
Previous studies indicated that resistance training reduced CRP
in community-dwelling older people with high CRP > 1.0 mg/ dL
[40], and exercise intervention reduced CRP in cancer survivors
[41]. It has been suggested that inflammatory suppression through
exercise intervention may be one of the key factors in preventing
postoperative functional decline in perioperative gastrointestinal
cancer patients.

The present study indicated that the median preoperative
6MWD and 6MWD decline ratio were 470 m and - 9.0%,
respectively. A previous study has reported that 6MWD reduced,
on an average, from 478 m preoperatively to 429 m at 3 weeks
postoperatively in patients with gastrointestinal surgery [11].
Although the number of days between surgery and postoperative
6MWD measurement was lower in the present study than in
the previous study, the degree of 6BMWD decline was similar in
both studies [11]. Therefore, postoperative functional recovery
may be better in the present study than that in the previous
study. Previous studies have also reported that the postoperative
rehabilitation and age can affect postoperative physical function
[42, 2]. Therefore, the amount of postoperative rehabilitation in
the present study may be more than that in the previous study
(the presence or absence of postoperative rehabilitation in the
previous study is unclear), and the inclusion of younger patients (<
65-years-old) were also included may have influenced the results
of the present study.

Our study has several limitations. First, patients with PS =
2 were excluded from this study, which means that high-risk
patients were excluded, resulting in a possible selection bias.
Second, present study’ s results cannot be applied to patients
who developed severe postoperative complications because
patients who had a postoperative hospital stay of longer than 3
weeks were excluded to reduce the influence of social factors
and, consequently, patients who developed severe postoperative
complications were also excluded. Third, although postoperative
hospital stay was not associated with the 6MWD decline ratio in
this study (r = 0.17; p = 0.07), the effect of postoperative hospital
stay on postoperative functional recovery cannot be completely
ruled out. Therefore, future studies with a unified measurement
date are necessary. Fourth, the results may not adequately adjust
for confounding factors owing to the small sample size. Thus, our
results must be interpreted with caution. Fifth, the present study
included patients who underwent colorectal and gastric surgeries.
Further studies are necessary to separately analyze patients with
colorectal and gastric cancers. Sixth, data on the postoperative
course, such as postoperative ambulation process and course of
inflammation values, have not been measured. Further study is
needed to investigate association between preoperative PA and
postoperative ambulation process in patients with gastrointestinal
cancer. Finally, due to a limitation of the 6MWD measurement,
our study found a couple of patients with a 6MWD decline ratio of
plus 65%. Therefore, the actual functional decline in 6GMWD might
have been a little large.

In conclusion, the present study demonstrated that preoperative
PA could predict postoperative functional recovery in patients who
underwent gastrointestinal cancer surgery.
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TLC, total lymphocyte count; PA, physical activity; BMWD, 6-minute walk

distance
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Table 2 Multivariate logistic regression analysis to predict postoperative
functional recovery.

M?g;,; WC(I?R p value M%d;/lo 2C‘?R p value
PA, 0 = active 1 = inactive (1.13;18.5201) 0.02 (1.32363115.956) 0.01
SMWD, per 1 m (1.0(1)'20-(1).601 p <00 (1.03293.601 p <o
CRP, per 1.00 mg/dL ' IS y 00 “38‘!132?377) 001
gimnbgnf d:r;eesse con (1.032@949) 003 (1.103{?12 05.649) 003

Four variables with p < 0.10 (i.e., PA, BMWD, CRP, and combined
resection) in univariate analysis were entered into the multivariate
logistic regression models.

Model 2 was adjusted for preoperative sedentary time.

OR, odds ratio; Cl, confidence interval; PA, physical activity; 6MWD,
6-minute walk distance; CRP, C-reactive protein
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Figure 1. Distribution of the 6MWD decline ratio. The median of 6MWD
decline ratio was -9.0 %.

Figure 2. Changes in 6MWD in the non-decline group and the decline
group. There was no significant decrease of 6MWD in the non-decline
group [preoperative vs. postoperative: 460 (370-510) vs. 455 (390-510);
p = 0.39]. but there was a significant decrease in the decline group
[preoperative vs. postoperative: 505 (431-572) vs. 397 (308-462); p <
0.011.
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1. Mini Nutritional Assessment-Short Form
(RAVHAMA R KX JEFHEZF CERSH. https://www.mna-elderly.
com)

1) REFH

KEBFHIMICIFMNA®-SF (1) ZAHWT, fiiallcsHiEzET >/, MNA®-
SFIF, 65 EDE#EE ZXRE UzMini Nutritional Assessment'?
(LUF, MNA®) DEMBIRCEH Y, MNA®E DR S3EUVEREBEFRNREINT
W3, MNA®-SFODMERLIE, REIRRECIIZ ADLPRAVER E DR
BICEITZEEZST, 2IEENSHY, ATU—ZUTEDEETCK
DREBREZTHE T 2. ADSEEBRWNRED ULIFZOREK JERELL,
FIEBFAREICAE UIcBE, AREXUBMI (Body Mass Index) #&
H, BEH UL FHRENREROEFFJEBZAEL, &stDXTU—=
VIfEEEH L.

2) BT )L+ —5H

Fd, SEAOEH, BE, AKE%HEITHarris-Benedictd'™® &4
HERIXIT—HBEEREHR U, A NUFRBIELTHR &U1.1,
TEEIRBIS BRI K W BERRIIA T 2 T & BE LT I\ RAVES?] (T
HETB1.380T, BIRILF—HEEZLUTORLIELLE.

BIRILF—HEE kcal) = BRI RILF—HEE (kca) X AU
R X TEENREL

wIT, SEADBBOEEPRIFEEICL > TRESIND1BICRHTN
BIRIF—BL, EEMANERUICEREOEREIGZMEZIHEN S
#%7HBFTHABELC, ERIXILF—EZEH L. ZUT, ii1BH
DBRIXIF—HBEEICHT DENIRILF—EDFHEE T, BRI
ILF—EE) ZUTORLVEH L.

ERIRILF—EE (%) = LBEOERIRILF—E (kcal) / 1:BED
WIxILF—HEES (kcal) X 100

3) ADLEHIE

ADLEF fifi [ &, #AE 89 B I & 5¥ ffi &% (Functional Independence
Measure ; BI'F, FIM) ZRWz. BB (CHRRETEN TORITIRRICE
LT, FIMOESNEEZREL, TOETRE&EH L.

3. HERHIEERT

HETEBIBEMTXIBM SPSSver.16.0.12 W T, MNA®-SF, BEI
WF—EIE, BREOFIMESIER, ZNZNOEEEOMECNZ, &
BIRILF—EE EERBE O EZPearson DB FE Z AL Ti&sd
Ule. ARROFHHEBICHSWVT, ERFOFIMESEBEFNREET
ERBENER > fofzth, MNA®-SFERRIFDFIMEBES)IEE DBEIC D
WTlF, EREHZEGEERE U TRBBEGHRERAVE. Fit, BA&IC
G*power3.1.92Z AV THRES UYL A DR ZEIT S Iz,

BKEFS%FmE Ule.

4. {RIBNECE
ARARESRBEFEZESDOARZRT, WRED U FZDOREKIC
S8z U CRRZS TRELL .
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[#5R]

WREDBABRICEHLT, 2NROERBHIFTY 25.7 + 139
B, #ia0(csHi U] RSN XESFEEFHE X o —)L (The Revised
Hasegawa’ s Dementia Scale ; LI'F, HDS-R) (& 22.1 + 5.0, BEfEFE
[FEME2141, ¥BRFOH), MMERZRAB), FEE3B, ZTDHDEFIBITE >
fz (&1).

BIMEBRZR2(CRT. MAIDOREBRECELT, £HROMNA®-SF
1315 10.8 + 2.2 WAV b, RERERFE (12-14R12 K) (98I (&
HD36%), EXRBOBZNNGZE B-11RA2 ) (F146] (56%) . &
KREEZ (0-7RA 2V K) 1326 8%) THofe. EXRNRODIHH DB
IXRIVF—EIFFH 1060.7 £ 277.5 kcal, ERIRILF—ZEEFF
¥ 725 £ 16.1 %THY, 0% EDEFABI (£ED16%), FHTH
100% U EDERFDIDE (4%) TH Y, 70%K\BDEN104] (40%)
THole. Ffe, BEFSOFIMESIEE T 63.7 £ 16.8 THof.

SHBEB R OABRERERICDOVT, MNAS-SFIFERI®)LF—EEEIE
DIERS (r = 0.42, p = 0.04) , EIRIFOFIMEEIES S IEDEE (r = 0.45,
p = 0.02) ZBWHic (B2, 3). —AT, ERIRILF—EEGEERED
FIMEEEE 38R ZRD BN >z (r = 0.01, p = 0.95) A, ERI*
ILF—BIE EERBHIEEDIBE (r=-0.43, p =0.03) #5331 (K4).
Ffo, ERBHMEHEERE UmBERRMICEAL T, MNA®-SFIRRR
BSOFIMEENIEE S IEDHBES (r = 0.51, p =0.01) Z5Hfe.

[ZR]
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ZOMERDOBEFREZBL TV, TDLDIT, MEICT TITREIRED
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BM\ ; Body Mass Index,
HDS-R ; The Revised Hasegawa’ s Dementia Scale
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FRAL. L—Y—TJz/ Y v)LBEET> TV, JOFBANCFINBIC
508120 L —H'—BE =T > TLifz. Gentle LASE ProldDCD (Dynamic
Cooling Device) #2859 %, JO0F TA IV ADERNMIEKRT B ICDN.
DCDICK I TAIILADRE LY . T7OVIVREDRRERD Z EHMKR
RSNICTEBRURRBEEER AP ——BRZERLE Uz Uh L.
FBENSOEVEDEPEEN L RRBESSHIRINIRL—T—
BRZBIT 2 LU, HRRBHERRCHY . ISRI—ZRES
BTUFSBEMBICDAEN DI N D). BREICEIFTICTEHRT
BEICHEU . ZORRE—T T« IU—Y/N\—F 4 Y3V FlcLb—H—
SBEERITO A EB STz, UM UDCDA R EICEBS S NS EIIC/N—F «
YaVIERSISNTUFERSTREMDBECTET . AAHRDMRNTF
BT ENBRSNIC, ZTTREZERDERDDEICN—FT 1Y 37"
HATTORR(CU—T—BENMTR BN RRABRZIT o 1.
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Abstract

Objective : The main objective of this study was to evaluate the
effects of sarcopenia on the sagittal alignment of the cervical spine
after cervical laminoplasty in order to investigate the relationship
between sarcopenia and spinal malalignment.

Summary of background data : Sarcopenia, a progressive and all
over loss of skeletal muscle mass and strength associated with
aging, has been reported to be related to spinal malalignment. The
causes of poor surgical outcome after cervical laminoplasty have
been examined in recent years, including the sagittal malalignment
of the cervical spine. However, there are few reports about the
impact of sarcopenia on the sagittal alignment of the cervical
spine.

Materials and methods : A total of 171 patients who underwent
cervical laminoplasty at our hospital between 2009 and 2015
were assigned to this study. The appendicular skeletal muscle
mass [appendicular skeletal muscle index (SMI)] is commonly
used to assess sarcopenia. Appendicular SMI (kg/m) was
obtained from arm and leg muscle mass using dual-energy x-ray
absorptiometry. Sanada and colleagues reference value for the
Japanese appendicular SMI was used to diagnose sarcopenia.
C2-C7 sagittal vertical axis (SVA), C2-C7 lordosis angle, and
C2-C7 range of motion were measured for evaluation. The
primary outcome was evaluated using the Japanese Orthopedic
Association Score System for Cervical Myelopathy (JOA score)
and the SF-36 Health Survey Physical Function (PF).

Results : Of the 171 patients, 48 were diagnosed with sarcopenia.
Preoperative and 1-year follow-up C2-C7 SVA were greater in the
sarcopenia group. Preoperative and 1-year follow-up SF-36 scores
were higher in the nonsarcopenia group. Preoperative and 1-year
follow-up JOA scores were higher in the nonsarcopenia group.
C2-C7 SVA and JOA scores were negatively correlated at 1-year
follow-up (R=-0.213, P=0.005) .

Conclusions : C2-C7 SVA was greater and postoperative outcome
was worse after cervical laminoplasty in the sarcopenia group than
in the nonsarcopenia group. Preoperative evaluation for sarcopenia
might be important to estimate opstoperative alignment and
outcomes.
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A case of Epileptic Cognitive Impairment resembling Alzheimer
disease (ECI-A)
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A new hypothesis related to epileptic
syndrome : Continual interictal
epileptiform discharges can cause chronic
memory disturbances

Katsuyuki UKAI, Masumi ITO, and Masako WATANABE

Transient epileptic amnesia (TEA) is a special type of temporal
lobe epilepsy, whose main symptom is recurrent amnesia attacks.
The other two types of memory disorders that develop at high
frequencies in TEA patients; i.e., accelerated long-term forgetting
(ALF) and autobiographical amnesia (AbA), are well characterized.
TEA patients are often complicated with focal impaired awareness
seizures (FIAS), but there have been some cases in which ALF
and/or AbA were clinically observed despite FIAS and TEA attacks
being absent. It is inaccurate to refer to these cases as TEA, but
since no other appropriate term is available, we have proposed
that they should be named ‘broad TEA" or “TEA complex
syndrome (TEACS)” for this condition. How can ALF and AbA be
present without clinical seizures? We hypothesize that persistent
abnormal discharges by the neurons in the temporal lobes that
are not sufficient to give rise to clinical seizures can cause clinical
symptoms, such as ALF and AbA. In other words, continual
epileptiform discharges might cause several clinical symptoms
without inducing seizures.

Ito reported 4 cases of epileptic cognitive impairment resembling
Alzheimer disease (ECI-A) in 2009. The ECI-A patients exhibited
memory impairment, with recent memories being most affected,
whereas remote memories were almost intact. They also displayed
behavioral and psychological symptoms and a reduced ability to
perform activities of daily living (ADL). None of them suffered any
type of clinical seizure at any point. Their electroencephalograms
revealed continual spikes in the temporal regions. Their memory
function and ADL performance improved rapidly after treatment
with carbamazepine. Ito speculated that epileptiform discharges
that were not sufficient to give rise to clinical seizures might have
caused temporal lobe dysfunction, leading to chronic cognitive
impairment.

In both TEACS and ECI-A, it may be hypothesized that persistent
abnormal neuronal discharges in the temporal lobes that induce
electrographic abnormalities might cause memory disorders and/
or the decline of cognitive functions. If this hypothesis is correct,
we consider that both syndromes should be regarded as new
types of epilepsy syndrome. We consider that this approach
would be very useful for preventing these conditions from being
overlooked in clinical examinations.
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Developmental process of an entity
of “dementia” (major neurocognitive
disorder) in Europe

UKAI Katsuyuki

Kant I, a famous German philosopher, presented an outstanding
discussion regarding psychosis in his book "Anthropologie (1798)",
and classified psychosis into “hypochondria, melancholy, delirium,
amentia, dementia, insania, and vesania”; however, the meanings
of “amentia” and “dementia” (both terms had been used to
classify “acute psychosis”) differ from that of neurocognitive
disorder (NCD).

The French physician Pinel P, who was born approximately 20
years after Kant, used the term “demence” to comprehensively
refer to various diseases including a certain type of psychosis.
Esquirol JED, a pupil of Pinel, stated that patients with suspected
Alzheimer disease or progressive paralysis were interpreted as
having “demence senile” in his book “Des maladies mentales
(1838)", and then claimed that idiotism should be distinguished
from “demence”. This was revolutionary in the history of
psychiatry; although, similar to his teacher Pinel, Esquirol seems
to have used the term “demence” in a broad sense, including
psychosis.

Possible progressive paralysis was first reported in Europe in 1798;
Wasserman A discovered the serological reaction for syphilis
in 1906; and Noguchi H (8 O %= i) discovered the pathogenic
bacteria responsible in the brain of a patient with progressive
paralysis in 1913. In 1907, Alzheimer A described a psychiatric
disease, that was subsequently named after him by Kraepelin E,
his teacher, in 1910.

In Germany, Griesinger W, who was born approximately 100
years after Kant, established the first ever Department of



Psychiatry in a university, and described the term “der senile
Bloedsinn™. Kraepelin E, who was born approximately 40 years
after Griesinger, stated that “the term “dementia” collectively
represents all conditions, in which memory impairment, decreased
judgment, declined thought, and emotional deterioration are
noted”. He also conceptualized a disease that is currently referred
to as schizophrenia, and then named it “dementia praecox”. Prior
to that, Morel BA used the term “demence” to describe patients
with hebephrenia, who were studied by Hecker E. Jaspers K, who
was a pupil of Alzheimer’ s friend Nissl F, described “demenz” as
“decreased intelligence”. In other words, his definition was more
restricted than Kraepelin’ s one, and was closer to the current
definition of dementia (NCD).
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Developmental process of an entity
of “dementia” (major neurocognitive
disorder) in Japan

UKAI Katsuyuki

The term “&2H U &£{Oroka hito}” emerged in a record from the
Nara and Heian periods in Japan (approximately 1,300 years ago);
the modern translation of this term is probably mental retardation.
In the Edo period, Koh-an Ogata, who presided Teki-juku in Osaka,
stated in "k EK#2EREII{Fushi keiken ikun}” (1857), the Japanese
version of “Enchiridion Medicum (Hufeland CW, 1739)", that “those
with less discretion or lack of discretion are regarded as having “#
R (fatuitous){Chihoh}”. The term “fatuitous” may be “fatuitas” in
Latin.

Bunsai Kanbe also translated the chapter of "Insanity (1872)"
written by Maudsley H and published it as "#&##R#I5t {Seishinbyo
Yakusetsu}” in 1876. In the publication, he translated “dementia”
into “sc#@{Shisshin}”, and described symptoms similar to Alzheimer
disease as “ % Z{Rohmoh}”. The term “ % # " would mean the
“loss of mental functions” in modern Japanese. “Idiocy, including
imbecility” was also translated into “FosRkiZEE{Chihoh associated
with Gudon}”, which suggests that the term “FI5%" was devised to
correspond to current mental retardation.

Hajime Sakaki (the first professor of Psychiatry, Tokyo Imperial
University, and in Japan after the Meiji Restoration) also used the
term “ZZJE{Rohmoh Kyoh}".

In approximately 1908, Shuzoh Kure (the second professor of
Psychiatry, Tokyo Imperial University) began to use “ i R " as a
term corresponding to “dementia”. The term "# S{Chihoh}" was
used to refer to dementia (major neurocognitive disorder) until
quite recently. Later on, Kure used the term “ZZ##i%{Rohmoh-
sei Chihoh}”, and this term is undoubtedly comparable to “senile
dementia”, according to the description of its symptoms and
pathological findings. Kure et al. examined 3 patients and were the
first in Japan to report the pathological findings in the brain. Based
on their findings, the presenter consider that the neuropathological
diagnoses of “Alzheimer disease” and “Limbic neurofibrillary
tangles dementia” are able to be made in 2 and 1 patients,
respectively.
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Epileptic cognitive impairment resembling
Alzheimer disease (ECI-A): A new type of
treatable neurocognitive disorder.

UKAI Katsuyuki, ITO Masumi, and WATANABE Masako

In 2009, Ito et al. reported 4 cases of epilepsy-derived memory
impairment resembling Alzheimer disease (AD). The patients
described in their report exhibited recent memory impairment;
behavioral and psychological symptoms, such as apathy, euphoria,
and aggression; and a reduced ability to perform activities of
daily living (ADL), all of which resolved after antiepileptic drug
treatment. They speculated that abnormally excessive neuronal
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discharges that were not sufficient to give rise to clinical seizures
might have caused temporal lobe dysfunction, leading to chronic
cognitive impairment. Several similar cases have been reported:;
however, this condition is not well known, even among specialists
in epileptology, neurology, and psychogeriatrics. We have recently
experienced a few similar cases. We present a representative case
of this condition, which we named “epileptic cognitive impairment
resembling AD (ECI-A)", in which the patient did not display
recognized epileptic seizures and for a long time was considered
to have AD. The present case showed the same clinical features as
were seen in Ito’ s 4 cases, although the focal impaired awareness
seizure observed during sleep in our case occurred >8 years after
the onset of his subjective memory impairment. We consider
that the symptoms of our case share the same pathogeneses as
those described by Ito et al. However, since not only memory
impairment, but also other symptoms, such as behavioral and
psychological symptoms and a decreased ability to perform ADL,
were seen, we consider that the term “cognitive impairment”
is more appropriate than “memory impairment”. We therefore
propose that this condition should be called ECI-A. Physiologically,
we speculated that dysfunction caused by aberrant discharges that
occur in the temporal lobes and then spread into the frontal and/
or parietal lobes might be responsible for the extensive cognitive
decline seen in patients with ECI-A. We therefore consider that
although ECI-A and transient epileptic amnesia (TEA) may share
similar temporal lobe-related pathogeneses, the propagating areas
and/or network patterns of neuronal activity may differ. Further
studies are necessary to elucidate the similarities and differences
between the pathophysiology of ECI-A and TEA. Clinicians should
not overlook ECI-A, which is a treatable form of dementia.
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Can IgG4-related disease cause cerebral
small vessel vasculitis/vasculopathy?
-Two cases of IgG4-related disease
accompanied by many cerebral
microbleeds-

UKAI Katsuyuki

IgG4-related disease (IgG4-RD) is a condition of unknown cause,
which involves marked tissue infiltration by 1gG4-positive plasma
cells into various organs throughout the body. The pancreas/
bile ducts and lacrimal/salivary glands are the most frequently
affected tissues/organs; however, other tissues/organs, such as the
kidneys, lungs, retroperitoneum, heart, aorta, pituitary gland, dura
mater, and peripheral nerves, can also be affected. Steroid therapy
is almost always effective against IgG4-RD, but the relapse rate of
1gG4-RD after the discontinuation of steroid therapy is high.
According to the 2020 revised diagnostic criteria for 1gG4-RD,
histopathological examinations based on biopsy examinations
are essential for obtaining a definitive clinical diagnosis of 1gG4-
RD. However, there are only a limited number of organs from
which biopsy samples can be easily obtained. Furthermore, it
is impossible even for recently developed imaging techniques
to directly detect abnormalities affecting small organs, such as
the cerebral small vessel system. Due to these limitations, the
clinical diagnosis of so-called “IgG4-related cerebral small vessel
vasculitis/vasculopathy” is very difficult.

Two cases of IgG4-RD involving elderly patients are presented,
together with their cranial magnetic resonance imaging features,
especially those seen on T2* imaging. Both patients exhibited
many cerebral microbleeds (CMB) on T2* imaging. | consider that it
is possible to indirectly detect abnormalities of the small cerebral
vessels by searching for CMB because they are caused by the
failure of small cerebral vessels. Of course, the fact that many CMB
were seen in both cases might be considered to be a coincidence.
However, the chances of this are low, because a rapid increase
in the number of CMB and the occurrence of so many CMB are
rare. Based on my clinical experiences and the detailed findings
of the 1gG4-RD cases, | present the hypothesis that “IgG4-related
cerebral small vessel vasculitis/vasculopathy” exists.

Informed consent for the presentation was obtained from the
patients and their families. Minor modifications to the case
details, which did not interfere with important data, were made to
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preserve the patients’ anonymity.
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Relationship between primary
hyperparathyroidism and somatic
symptom disorder with predominant
pain: Is there another mechanism of pain
generation?

UKAI Katsuyuki

Primary hyperparathyroidism (PHPT) is an endocrine disorder, in
which an adenoma, carcinoma, or hyperplastic lesion that arises in
the parathyroid gland secretes excessive amounts of parathyroid
hormone. Two types of PHPT-associated pain are recognized. One
is caused by renal, ureteral, and/or urinary bladder stones. The
other is caused by skeletal deformities due to excessive bone
resorption, e.g., pain due to pathological fractures or osteoarthritis,
or peripheral neuropathic pain due to nerve compression. Bone
pain due to osteopenia/osteoporosis without fractures seldom
occurs. | experienced a case involving a female in her early 70s
with PHPT, who was suffering from various types of characteristic
pain, including severe pain of the lower back and lower extremities
that persisted for several days, sudden severe pain of the lower
extremities that persisted for several hours at night, pain like being
pricked by needles in the tongue and forearms, and severe finger
pain when she touched water. Pain caused by urinary tract stones
and/or bone disease is often observed in PHPT patients; however,
the various types of pain experienced by this patient seemed
different, and they were also considered to differ from previously
reported types of pain, such as bone, nociceptive, and peripheral
neuropathic pain. As these types of pain disappeared rapidly
after surgery, they could also differ from central neuropathic pain,
such as the pain experienced after a spinal cord injury or stroke.
It is possible that the types of pain experienced by this patient
were caused by systemic factors; i.e., systemic disease. If central
neuropathic pain that arises after a spinal cord injury or stroke is
referred to as ‘organic’, the pain in this case may be viewed as
‘functional’ pain associated with the central nervous system. To
the best of my knowledge, no disease that causes this type of pain
has been reported previously. If such pain really exists, this could
be the first report to describe this mechanism of pain generation. |
expect that a new mechanism of pain development in PHPT will be
elucidated in the future through interdisciplinary studies performed
by specialists in endocrinology, orthopedic, anesthesiology,
neurology, and psychiatry.
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A proposal for a new clinical entity:
Transient epileptic amnesia complex
syndrome (TEACS)

UKAI Katsuyuki, ITO Masumi, and WATANABE Masako

Transient epileptic amnesia (TEA) is a special type of temporal
lobe epilepsy, whose main symptom is recurrent amnesia attacks.
In the 1990s, Hodges&Warlow, Kapur, and Zeman et al. described
the clinical features of TEA. Zeman et al. developed the following
diagnostic criteria for TEA: (1) recurrent, witnessed episodes of
amnesia; (2) other cognitive functions remain intact during attacks;
and (3) evidence of epilepsy. Such evidence can be provided
by either (a) electroencephalography, (b) the co-occurrence of
other types of seizure, or (¢) a clear response to antiepileptic
drugs. Furthermore, it was reported that patients with TEA
almost always demonstrated 2 other types of memory symptoms:
accelerated long-term forgetting (ALF) (the unexpected and rapid
disappearance of memories of events that occurred in recent
days, weeks, or months) and autobiographical amnesia (AbA)
(the discovery of large gaps in more remote autobiographical

memories). As a result, it has been recognized that TEA causes at
least 3 characteristic types of amnesia; i.e., amnesia attacks, ALF,
and AbA.

We present a representative clinical case, in which the patient
showed symptoms of ALF and AbA without suffering any type of
epileptic seizure, including amnesia attacks, for a long time. To
the best of our knowledge, our case is the second reported case
in which ALF/AbA preceded TEA attacks. Can we call such cases
TEA even when no amnesia attacks are observed or before the
first amnesia attack occurs? According to the diagnostic criteria
reported by Zeman et al., these patients cannot be diagnosed
with TEA. If the term “TEA” is not appropriate, what term should
be used? To overcome this problem, we propose to refer to these
cases as “transient epileptic amnesia complex syndrome (TEACS)”
due to the high complications rate seen between the amnesia
attacks and ALF/AbA and the strong suspicion that the amnesia
attacks and ALF/AbA share similar pathogeneses. We consider
that it is important for clinicians to recognize the existence of such
cases; i.e., TEACS, and not overlook this condition.
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Association between preoperative sedentary time and
postoperative paralytic ileus in patients with colorectal cancer
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investigated the age-threshold of IV-GBCA using a different GBCA
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