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A case of dementia with Lewy bodies presenting as a gustatory
disorder which was difficult to distinguish from gustatory
hallucination
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A male patient with dementia with Lewy bodies (DLB)
presented with a gustatory disorder, which was difficult to
distinguish from gustatory hallucination because his complaints
were severe and bizarre. Zinc therapy was effective against his
symptoms, which started to improve within about 6 weeks. From
this, it was possible to think that zinc deficiency had caused
his gustatory disorder. The important points of this case are as
follows: 1) As there are many treatments for gustatory disorders,
multidisciplinary cooperation and collaboration are very important
for treating such disorders in patients with DLB. 2) Some important
features for differentiating between zinc deficiency-induced
gustatory disorders and gustatory hallucination are described in
this report, but a greater number of similar cases are required to
establish the optimal method for differentiating between these
conditions. 3) The possibility of so-called ‘central neuropathic
dysesthesia’ caused by Lewy pathology and the treatment of
this condition will be more considered in the near future. 4) The
effectiveness of cholinesterase inhibitors, including donepezil,
against gustatory hallucination needs to be established.
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Figure 1. Myocardial scintigraphy

Abnormal '2|-meta-iodobenzylguanidine uptake was observed;
i.e., reduction in the patient’ s heart to mediastinum ratio to 1.59
(normal range: >2.20) on delayed images was seen.
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Relationship between changes of physical function and eGFR in
hemodialysis patients.
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To determine whether the centripetal displacement of
the capillaries in the macular region after vitrectomy is caused by
internal limiting membrane (ILM) peeling.

Eighteen patients with different types of retinal diseases
but with a normal or approximately normal foveal contour
underwent successful vitrectomy with (n=12) or without (n=6)
ILM peeling. Optical coherence tomography angiographic (OCTA)
images of the inner retinal vascular plexus in the macular region
were analyzed pre- and postoperatively. Four concentric polygonal
areas were marked in the OCTA images with the corners selected
to be easily identified by vessel bifurcations. The areas of the
postoperative foveal avascular zone (FAZ) and the four polygonal
regions at about 1-month postoperative were compared to the
baseline areas.

Vitrectomy was performed for 11 eyes with vitreomacular
tractions, 3 with macular on retinal detachments, and 4 with thin
epiretinal membranes. A significant decrease of the FAZ area was
observed postoperatively in only the ILM peeled eyes (P=0.0002).
The four polygonal areas in the ILM peeled eyes decreased after
surgery, and the decrease was fit by a linear regression line
(R?=0.985-0.999; n=7). The time course of the postoperative
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decrease of the FAZ area was fit by a hyperbolic curve (R?=0.969-
0.998; n=6). The average postoperative time required to reach
one-half of the final FAZ area was 1.16 days (0.81 ~ 1.62 days).

These findings suggest that ILM peeling causes an
early centripetal displacement of the capillaries in the macular
region.

A displacement of the retina has been reported after vitrectomy for
different types of retinal diseases including retinal detachments,’
macular holes,>” epiretinal membranes,® and diabetic macular
edema.® The direction of the retinal displacements included a
downward movement,’” a centripetal movement toward the
foveal center,>’ and a displacement toward the optic disc.>”*

The cause(s) of the retinal movements has not been definitively
determined, although it is possible that the release of the
vitreomacular traction by the vitrectomy, and the other surgical
procedures such as ILM peeling and gas tamponade might be the
causes of the displacements.

The retinal displacements have been examined by scanning
laser ophthalmoscopy 2, optical coherence tomography (OCT),>679
fundus photography,* and fundus autofluorescence imaging.'>®
Optical coherence tomography angiography (OCTA) was recently
introduced as a noninvasive method that can obtain en face
images of the capillary plexuses at different depths of the retina
and choroid.’ We have used the OCTA images that showed
a centripetal movement of identifiable capillaries toward the
foveal center after vitrectomy with internal limiting membrane
(ILM) peeling for a vitreomacular traction (VMT)'" and for a thin
epiretinal membrane (ERM).'?

However, as best we know, there has not been a study that
compared the position of the capillary beds before and after
vitrectomy with and without ILM peeling. Thus, the purpose of
this study was to determine whether the displacements of the
capillaries in the macular region after vitrectomy are due to ILM
peeling. To accomplish this, we measured the areas of the FAZ
and 4 concentric polygonal regions surrounding the fovea in eyes
that underwent vitrectomy for different types of retinal diseases
but with a normal or approximately normal foveal contour. The
preoperative OCTA images were compared to the postoperative
images.

This was a multicenter, retrospective, interventional case series
that was performed at the Yada Eye Clinic, the Kami-iida Daiichi
General Hospital, and the Nishigaki Eye Clinic from May 2016
through June 2017. This study consisted of patients who had
undergone vitrectomy with or without ILM peeling for different
retinal diseases.

A signed informed consent was obtained from all patients for
the surgery, data collection, and the use of the data for research
studies. The procedures used in this study conformed to the
tenets of the Declaration of Helsinki and were approved by the
Institutional Review Board of the different institutions.

The inclusion criteria for the eyes were; 11 eyes with symptomatic
focal vitreomacular traction (VMT), 4 eyes with symptomatic
thin ERM with a normal foveal contour, and 3 eyes with
rhegmatogenous retinal detachment without involvement of the
macula. The exclusion criteria were eyes with systemic risk factors
such as diabetes mellitus or uncontrolled ocular hypertension
that could affect the capillary plexus. Also, the participants did
not have other ocular disorders such as high myopia, glaucoma,
and age-related macular degeneration that could affect the retinal
morphology.

All patients underwent 25- or 27-gauge pars plana vitrectomy
with the creation of a posterior vitreous detachment if attached.
Brilliant blue G-assisted ILM peeling was performed within the
vascular arcade (6 mm x 6 mm) to prevent post-vitrectomy
epiretinal membrane development.’> Air tamponade with
facedown positioning was performed if needed. All phakic patients
underwent pars plana vitrectomy with phacoemulsification and
implantation of a posterior chamber intraocular lens.

Each of the participants had a comprehensive ophthalmological
examination including measurements of the refractive error, best-
corrected visual acuity (BCVA) with a Landolt chart at 5 m, axial
length by ocular biometry (IOL Master; Carl Zeiss Meditec), and
intraocular pressure with a Goldmann applanation tonometer.
In addition, the eyes were examined by slit-lamp biomicroscopy,
dilated indirect slit-lamp biomicroscopy with and without a contact
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lens, indirect ophthalmoscopy, and OCT and OCTA.

The OCT angiography was performed with the Optovue RTVue
XR (Avanti Optovue, Inc, Fremont, CA) or the Cirrus HD-OCT
5000 (Carl Zeiss Meditec Inc, Dublin, CA, USA), or with DRI OCT-
1 (Topcon, Atlantis, Tokyo, Japan) OCTA instruments. A 3 mm
x 3 mm en face OCTA image was recorded in the angioretina
mode. The images were recorded preoperatively and at about
1 month postoperatively using same instrument. The OCTA en
face images of the superficial retinal vascular plexus were used
for the analyses. In Case 6, 6 mm x 6 mm OCTA en face images
that included the fovea and optic disc were additionally recorded
preoperatively and at 1 month postoperatively.

At least five B-scan images of 6 mm in length that passed
through the fovea along the horizontal and vertical axes were
recorded to obtain cross-sectional images of the vitreoretinal
interface. These images were used to determine the shape of the
foveal contour and the papillofoveal distance. The papillofoveal
distance was defined as the distance from the disc margin to the
presumed foveal center in the horizontal B-scan OCT image.

The margins of the FAZ were delineated automatically, and the
FAZ area was determined with the embedded software. Analyses
of sequential changes in FAZ area in eyes with ILM peeling were
performed in 6 patients.

We selected four concentric polygonal areas with the corners
set at easily identifiable sites around the fovea in 7 cases. The
four areas plus the FAZ are shown before (A) and 1T month (B)
postoperatively in Figure 1. The shapes of the corresponding
polygonal areas were very similar before and after surgery in all
cases indicating a uniform decrease over the entire retina. We
measured an imaginary radius of each polygonal area.

The pre- and postoperative distances between the identified
bifurcations and the foveal center and the disc center were
measured in 6 and 1 case respectively. Each polygonal area and
the distance between the two points were measured with the
ImageJ software (National Institutes of Health, ImagelJ, Bethesda,
MD, USA).

The 6 mm x 6 mm OCTA en face images which included the fovea
and optic disc were used to measure the displacements of the
capillaries in the papillofoveal area.

These images were recorded preoperatively and at 1 month
postoperatively in Case 6 after vitrectomy. The pre- and
postoperative distances between the positions of the bifurcations
and the foveal center and the disc center were measured. The
changes in the distances were analyzed.

Unpaired t tests were used to determine the significance of the
differences in the FAZ area and the papillofoveal distance with
and without ILM peeling. Liner regression analyses were used to
determine the associations between the pre- and postoperative
measurements. A P <0.05 was accepted as statistically significant.
Statview software V.5.0 (SAS Institute, Cary, North Carolina, USA)
was used for the statistical analyses.

Vitrectomy was performed on 11 eyes with VMT, 3 eyes with a
rhegmatogenous retinal detachment, and 4 eyes with a thin ERM.
After the surgery, the vitreomacular traction was resolved in all
patients, and the visual acuity improved in 13 patients and was
unchanged in 5 patients. The ILM was peeled in 12 patients and
not peeled in 6 patients. The demographics of the patients, and
the characteristics before and after the surgery are presented in
Table 1.

The average FAZ area of the ILM peeled eyes significantly
decreased from 0.32 mm? to 0.16 mm?2 postoperatively (P =
0.0002). The average FAZ areas in the ILM preserved eyes was
0.43 mm? preoperatively and 0.42 mm? postoperatively (P = 0.24).
Thus, the average area of the FAZ decreased significantly in eyes
with ILM peeling but not significantly in eyes without ILM peeling.

The average papillofoveal distance of the ILM peeled
eyes decreased significantly from 0.387 mm to 0.373 mm
postoperatively (P = 0.0007) but did not change significantly in the
non-peeled ILM eye 0.385 mm to 0.385 mm (P = 0.80). Thus, the
average papillofoveal distance decreased significantly in eyes with
ILM peeling but not significantly in eyes without ILM peeling.

The sequential changes in the FAZ area during the follow-up
period are shown in Figure 2 for six cases. The course of the

postoperative decrease of the FAZ area can be fit by a hyperbolic
curve (R? = 0.969 to 0.998). The results are shown in Table 2.

The average postoperative time to reach one-half of the final FAZ
area was 1.16 days with a range of 0.81 to 1.62 days.

The areas of the preoperative and postoperative FAZ and 4
polygonal sectors of seven ILM peeled eyes are plotted in Figure 3A.
In all cases, the changes in the preoperative and postoperative
corresponding areas could be fit by a linear regression line (R? =
0.985 to 0.999). The results are shown in Table 3.

The preoperative and postoperative imaginary radius could
also be fit by a regression line (R? = 0.999 to 1.00; Figure 3B). The
results are shown in Table 4.

The preoperative and postoperative distances between vessel
bifurcations and the foveal center are plotted for six ILM
peeled eyes. In all cases, the preoperative and postoperative
corresponding distance can be fit by a linear regression line (R? =
0.972 to 0.996). The results are shown in Table 5.

In the angioretina mode, 6 mm x 6 mm OCTA en face images
which included the fovea and optic disc were recorded
preoperatively and at 1 month postoperatively in Case 6. The
displacements of the capillaries in the papillofoveal area after
vitrectomy with ILM peeling for VMT are shown in Figure 4.

The corresponding positions of the bifurcations of the capillaries
in the preoperative and postoperative OCTA images are shown
in Figure 4A, 4B. The corresponding positions of the bifurcations
of the capillaries from the preoperative (red squares) and the
postoperative (blue squares) OCTA images centered on the
fovea are shown in Figure 4C. The composite images made by
overlapping preoperative and postoperative positions of the
bifurcations are shown in Figure 4D with the fovea marked with
an X' . The displacements appear to be centripetally toward the
fovea.

The corresponding positions of the bifurcations of the
capillaries from the preoperative and postoperative OCTA
images centered on the optic disc are shown in Figure 4E. The
composite images that were made by overlapping the pre- and
postoperative positions of the bifurcations are shown in Figure 4F.
The appearance of the two corresponding bifurcations appears
to show a displacement of the loci toward the disc center
postoperatively.

The pre- and postoperative distances to the fovea from the
image of Case 6 centered on the fovea are plotted in Figure 5A.
The distance before and after surgery can be fit a linear regression
line (y = 1.017x - 0.107; R? = 0.996, Table 5). This indicates that
the positions moved toward the fovea to the same degree.

The pre- and postoperative distances to the center of the optic
disc from the image of Case 6 centered on the optic disc are
plotted in Figure 5B. The distance before and after surgery can be
fit a regression line (y = 0.956x + 0.024; R? = 0.997). This indicates
that the positions move toward the optic disc center and the
amount of displacement was larger far from the disc center.
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Table 1. The demographics of the patients, and the characteristics before and after the surgery

Case Age Sex Eye Disease PVD Lens ILM Gas FAZ area (mm?)  P-F distance (mm)
No.  (yrs) Pre Post Pre Post
1 69 F R VMT absence Phakia peeled no 0.44 0.18 4.1 3.98
2 70 M L VMT absence Phakia peeled no 0.45 0.20 3.40 3.33
3 72 M L VMT absence Phakia peeled no 0.42 0.20 3.99 3.87
4 58 F R thin ERM  presence  Phakia peeled no 0.34 0.21 4.93 4.74
5 72 F R thin ERM  presence  Phakia peeled no 0.41 0.18 4.16 3.88
6 80 M R VMT absence Phakia peeled no 0.17 0.13 3.50 3.37
7 56 F L VMT absence (o] peeled Air 0.32 0.26 3.35 3.31
8 58 F L thin ERM  presence  Phakia peeled no 0.32 0.15 NA NA
9 58 M R RD presence  Phakia peeled SF6 0.16 0.058 2.98 2.97
10 66 M L thin ERM  presence  Phakia peeled no 0.15 0.070 3.28 3.12
11 63 F R RD presence  Phakia peeled SF6 NA NA 4.59 4.49
12 50 M R RD presence  Phakia peeled SF6 NA NA 4.29 3.91
13 70 M L VMT absence Phakia reserved Air 0.36 0.33 3.78 3.76
14 85 M L VMT absence IOL reserved  no 0.45 0.44 3.7 3.72
15 72 M L VMT absence Phakia reserved no 0.24 0.26 3.27 3.27
16 58 F L VMT absence Phakia reserved Air 0.30 0.29 3.63 3.67
17 72 F R VMT absence Phakia reserved no 0.59 0.59 4.27 4.22
18 72 F L VMT absence Phakia reserved no 0.65 0.60 4.41 4.45

PVD=posterior vitreous detachment; ILM=internal limiting membrane

VMT=vitreomacular traction; ERM=epiretinal membrane; RD=retinal detachment; SF6=sulfur hexafluoride gas

FAZ=foveal avascular zone; P-F distance=papillofoveal distance

Table 2. A hyperbolic curve from the course of the postoperative
decrease of the FAZ area

IOL=intraocular lens; NA=not available

Table 5. Association between pre- and postoperative distance from
the foveal center

Case No. Equation R2 Case No. Points measured Equation R?
1 y=0.419 - 0.270 x/(0.812 + x) 0.997 1 70 y=1.052 x -0.157 0.986
2 y=0.309 - 0.151 x/(1.262 + x) 0.969 4 59 y=1.021 x -0.149 0.972
3 y=0.340- 0.190 x/(1.347 + x) 0.997 5 65 y=1.041 x-0.154 0.973
4 y=0.337-0.138 x/(1.619 + x) 0.993 6 60 y=1.017 x-0.107 0.996
5 y=0.410 - 0.234 x/(1.040 + x) 0.998 7 84 y=1.000 x -0.101 0.992
6 y= 0.320 - 0.185 x/(0.887 + x) 0.986 8 62 y=1.037 x-0.124 0.996

FAZ=foveal avascular zone

Table 3. A linear regression line from the pre- and postoperative 5
areas

Case No. Equation R2
1 y=0.953 x - 0.329 0.999
4 y=0.889 x - 0.284 0.985
5 y=0.890 x - 0.256 0.998
7 y=0.882 x - 0.152 0.999
8 y=0.941 x - 0.201 0.999
9 y=0.854 x - 0.172 0.998
10 y=0.922 x - 0.137 0.998

Table 4. A regression line from the pre- and postoperative 5 imaginary
radii

Case No. Equation R?
1 y=1.073 x -0.167 1.000
4 y=1.004 x- 0.116 1.000
5 y=1.021 x- 0.122 1.000
7 y=0.974 x -0.068 1.000
8 y=1.040 x-0.113 1.000
9 y=0.974 x -0.091 1.000
10 y=0.984 x -0.054 0.999

To determine whether ILM peeling was the cause of the
displacement of the retina, we measured corresponding
positions of the capillaries in the macular region before and
after vitrectomy. The results indicated the ILM peeling played a
role in the decrease in the FAZ area and papillofoveal distance.
The results also showed that ILM peeling most likely caused the
early and centripetal movement of the capillaries in the macular
region and the displacement of the fovea towards the optic disc
simultaneously.

The reduction in the FAZ area has been reported in patients
with a MH'#'> and ERM'® after vitrectomy with ILM peeling. The
decrease in the papillofoveal distance has also been reported
in patients with MH37 and diabetic macular edema.® These
agreements indicate that the ILM peeling was probably the cause
of the decrease of the FAZ area and the papillofoveal distance.
However, the release of the retinal traction after vitrectomy
suggests that it might also have been involved in the decrease. We
have reported two cases that showed a decrease in the FAZ area
and the papillofoveal distance after vitrectomy with ILM peeling for
a VMT and thin ERM."'2 In this study, we compared the decrease
of FAZ area and papillofoveal distance with or without ILM peeling.
A significant decrease of the FAZ area and papillofoveal distance
was observed postoperatively only in the ILM peeled eyes. To the
best of their knowledge, the relationship between ILM peeling for
VMT, a thin ERM, and macular on RD and the decreases in the
FAZ area and papillofoveal distance has not been reported to be
statistical significantly.
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The visual improvement after vitrectomy for several macular
diseases can be expressed as a hyperbolic curve.'® Recently, we
have reported that the course of the postoperative decrease of
the FAZ area could be fit by a hyperbolic curve in one case.'?
However, the mechanism was not determined and we did not
try to find other equations that might suit our data. In this study,
we added five additional cases, and our analysis showed that the
course of the postoperative decrease of the FAZ area could be fit
by a hyperbolic curve (R? = 0.969 to 0.998; n = 6). The average
postoperative time required to attain one-half of the final FAZ area
is 1.16 days with a range of 0.81 to 1.62 days. Thus, the reduction
of the FAZ area was very early.

The shape of the pre- and postoperative polygonal areas were
very similar in all cases and the pre- and postoperative change in
the size of the five areas, the FAZ and 4 polygonal areas, could be
fit by a linear regression line (R? = 0.985 to 0.999). In addition, the
preoperative and postoperative corresponding distances from the
foveal center could be fit by a linear regression line (Table 5, R>=
0.972 to 0.996). These results suggest that there was a centripetal
displacement of the inner retina that occurred within one month
after the surgery. The early displacements are similar to that after
macular hole surgery.”

The retina around a full-thickness macular hole moves
centripetally during the macular hole closure.? Vitrectomy and gas
tamponade causes retinal movements as reported in the treatment
of retinal detachments.” Our study did not include eyes with full-
thickness MHs, and the decrease of the FAZ area occurred in eyes
without a gas tamponade. Thus, the ILM peeling was the most
likely the cause of this displacement.

One explanation for the centripetal displacement is that the ILM
may have some intrinsic forces stretching the retina centrifugally,
and the removal of the ILM may remove such forces leading
to a centripetal movement. The second explanation is that the
structural changes to the Mueller cells may be influencing the
inner retinal movement. The Mueller cells extend vertically for
the full thickness of the retina, except for the foveal center, and
they stretch eccentrically from the foveal center to the parafoveal
region.'® The footplates of the Mueller cells form the ILM. Thus, the
structural changes of the footplates of the Mueller cells after ILM
peeling may be involved in the retinal displacement. Additional
studies are needed to determine why and how this occurs.

The mechanism(s) involved in the displacement of the foveal
center toward the optic disc center after ILM peeling has not
been determined. Two studies proposed endogenous forces of
the retinal parenchyma.>® Thus, Kawano et al® suggested that
the release of unknown forces in the retinal parenchyma might
be the major cause of shifting the fovea nasally after ILM peeling.
Under natural conditions, the traction of the ILM on the fovea from
the temporal side may be stronger than that from the nasal side
because there is no ILM on the optic disc.

The present cases also showed a shortening of the papillofoveal
distance. This suggests that the centripetal movement of the
central retina toward the foveal center and a displacement toward
the optic disk occurred simultaneously (Figure 4). Further studies
are needed to determine the mechanism(s) underlying these
complex retinal movements.

The study has several limitations. First, the OCTA images of
the central macular region (3x3 mm) are too small to evaluate
the movement of the macular region. Thus, examinations of a
broader area are needed. Second, that this study included eyes
with VMT, thin ERM, and RD. It is possible that the capillary
movements are affected by the release of traction or other surgical
procedures. Third, all the eighteen patients were with different
types of retinal diseases, which will cause the bias between the
ILM peeled and ILM on groups. The reason is some retinopathy
such as macular membrane could affect the centripetal juxtafoveal
contraction. However, it is not possible to perform ILM peeling
without vitrectomy on normal eyes. Forth, Brilliant Blue G can also
affect the centripetal retinal contraction around the foveal. It'd
better to peel the ILM without any ILM staining assistant. Last is
the relevance of the findings is unclear. It raises a question as to
the correct size of the FAZ and whether a reduction or increase in
size is of significance.

In conclusion, our results indicate that ILM peeling causes a
centripetal displacement of the retina toward the foveal center
during the early postoperative period. Further studies are needed
to determine the mechanism(s) causing the movements and the
effects of the movements on functional and anatomical outcomes.
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Preoperative image, left; Postoperative image, right. All areas
decreased after the surgery, and the shapes of the corresponding
polygonal areas are very similar pre- and postoperatively.

The course of the postoperative decrease of the FAZ area can be
fit by a hyperbolic curve in all cases. (Case 1 O: Case 2 A: Case 3
v:Case 4 +:Case 5 o: Caseb O).

(A) The pre- and postoperative 5 areas can be fit a regression line
in all cases. (Case1 O: Case 4 +: Case 5 o[]: Case 7 [I: Case 8 V:
Case9 A[J: Casel10 ).

(B) The pre- and postoperative 5 imaginary radius also can be fit a



regression line in all cases. (Case1 O: Case4 +: Case5 o[]: Case7
[J: Case8 v: Case9 A: Casel0 %).

(A) Preoperative image. (B) Postoperative image. Red indicates
preoperatively; blue indicates postoperatively. Composite images
those were made by overlapping preoperative and postoperative
positions of the bifurcations. Centering in the foveal center (C)
and in the center of the disc center (E). Red and blue points were
extracted centering in the foveal center (D) and in the disc center
(F).

(A) Centering in the foveal center. The preoperative and
postoperative distance can be fit a regression line. (y = 1.017x -
0.107; R? = 0.996)
(B) Centering in the disc center. The preoperative and
postoperative distance can be fit a regression line. (y = 0.956x +
0.024; R? = 0.997).
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This was retrospective study of 56 ERM and 46 MH eyes that
underwent vitrectomy with ILM peeling. The superficial FAZ area in
the ERM and MH eyes were smaller than that of the control eyes,
and was significantly correlated with a thicker fovea in the ILM
peeled and normal eyes.

To measure the foveal avascular zone (FAZ) area after
internal limiting membrane (ILM) peeling and to determine the
factors significantly correlated with the FAZ area.

This was a retrospective, observational, cross sectional
study. The affected and normal fellow eyes of 102 patients with
unilateral macular diseases and 169 healthy subjects were studied.
The patients underwent successful vitrectomy with ILM peeling
for an epiretinal membrane (ERM; n=56) or a macular hole (MH;
n=46). The superficial FAZ area and average foveal (within 1 mm)
thickness were measured. The main outcome measures were the
en face FAZ area measured in the optical coherence tomography
angiographic images.

The FAZ area in the ERM group (0.148 £ 0.094 mm?) and
in the MH group (0.255 £ 0.111 mm?) were significantly smaller than
that in the healthy control group (0.358 + 0.118 mm? all, P<.0001).
Multiple regression analysis showed that a thicker fovea was
significantly correlated with a smaller FAZ area in the ERM group
(r=-0.799, P<.0001), MH group (r=-0.473, P=0.0042), and control
group (r=-0.612, P<.0001).

The FAZ area after ILM peeling was smaller than
that of the controls. A smaller FAZ area was correlated with a
thicker fovea both in ILM peeled eyes and normal eyes.
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The foveal avascular zone (FAZ) is a capillary-free area in the
center of the macula, and its size is important for the diagnosis and
management of various retinal diseases.’ The foveal capillaries
run in the inner retinal layers and the capillary network at the
margin of the fovea forms the border of the FAZ. Several authors
have reported that there are variations in the size of the FAZ
among normal eyes, and a larger FAZ was significantly correlated
with a broader foveal pit.*” In addition, the FAZ area has been
reported to be correlated with various factors such as the sex.,
age,®'" and foveal thickness. 471113

Fluorescein angiography is a standard imaging technique that
has been used to evaluate the FAZ area. However, it is difficult
to repeat this examination for non-vascular retinal disease due
to its invasive nature. Recently, optical coherence tomography
angiography (OCTA) was developed as a noninvasive method that
can image both the superficial and deep plexuses of the capillaries
from which the corresponding sizes of the FAZ can be measured.
The measurements have been shown to be reproducible and
repeatable.’*18

Several studies have demonstrated a displacement of the fovea
towards the optic disc after ILM peeling.'®2* The authors raised the
possibility that the ILM peeling increased the elasticity of the retina
leading to the foveal displacement. We recently reported that ILM
peeling caused a centripetal movement of the inner retinal layer
from the findings of five cases.?>?”

The purpose of this study was to measure the FAZ area after
ILM peeling and to determine the factors correlated with the
FAZ area. To accomplish this, we measured the FAZ area in
the superficial plexus using OCTA in patients who underwent
vitrectomy with ILM peeling and also in healthy subjects.

This was an observational, cross sectional study carried out
with approval of the Institutional Review Boards of the Nishigaki
Eye Clinic. The procedures used conformed to the tenets of the
Declaration of Helsinki. An informed consent was obtained from all
participants prior to beginning any measurements.

We studied eyes that underwent vitrectomy for an epiretinal
membrane (ERM) or a macular hole (MH), and compared the
findings to that of the normal fellow eyes and to eyes from healthy
subjects who had not undergone any type of surgery as controls.
All patients underwent successful vitrectomy with ILM peeling by
one surgeon (NO) from January 1999 through April 2016 at the
Nishigaki Eye Clinic.

All participants underwent a comprehensive ophthalmological
examination including measurements of the best-corrected visual
acuity (BCVA), axial length by IOL Master (Carl Zeiss Meditec,
Inc., Dublin, CA, USA), and intraocular pressure measurements
with a Goldmann applanation tonometer. In addition, the eyes
were examined by slit-lamp biomicroscopy, dilated indirect slit-
lamp biomicroscopy with or without a contact lens, indirect
ophthalmoscopy, and SD-OCT examinations.

The healthy subjects were the patients with slight to mild
cataract who were being followed at the Nishigaki Eye Clinic. Their
best-corrected visual acuity was =20/20 (1.0), and none of the
eyes had any retinal pathology. If both eyes were eligible, the eye
analyzed was randomly selected. The exclusion criteria included
high myopia (axial length 228 mm) and other ocular pathology
that could affect the retinal thickness such as glaucoma and age-
related macular degeneration. If the examiner (KK) of the OCT
images judged that an image had artifacts involving the FAZ area
such as doubling and horizontal shearing of vascular structures the
image was excluded. Only images with a signal intensity above
50 were included in the analyses. Subjects with systemic diseases
that could affect the retinal thickness, for example, diabetes
mellitus or uncontrolled hypertension, were also excluded.
Eyes were also excluded if the interval between the surgery
and the FAZ measurement was less than 12 months. MH cases
accompanied by ERM were excluded. ERM cases with a lamellar
hole and a pseudohole were also excluded. All the eyes of the
healthy subjects and the normal fellow eyes of unilateral MH and
ERM patients were found to have a normal foveal contour without
vitreofoveal traction or residual foveal deformation.?®

Vitrectomy with phacoemulsification and intraocular lens (IOL)
implantation was performed on 50 eyes with an ERM and 43 eyes
with a MH. Vitrectomy was performed on 6 pseudophakic eyes
with an ERM and 3 pseudophakic eyes with a MH. ILM peeling
within the vascular arcade was performed on all eyes. The ILM was
made more visible with triamcinolone (TA) in 37 eyes in the ERM
group and 36 eyes in the MH group. ILM staining with brilliant blue
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G (BBG) was performed in 19 eyes in the ERM group and 10 eyes
in the MH group. The average interval between the surgery and
the measurements of the FAZ area was 78 months with a range of
12 to 207 months.

A macular cube scan of 200 x 200 pixels and a five-line raster
scan were obtained with the Cirrus HD-OCT (Carl Zeiss Meditec,
Inc., Dublin, CA, USA) by experienced examiners. The poor-
quality images with signal strength less than 7, images with visible
eye movements or blink artifacts (discontinuous jumps), poor
centration, and incorrect segmentation were discarded. The built-
in software automatically calculated the average retinal thickness
in each of the nine macular sectors in a 6-mm diameter circle
centered on the fovea as defined in the Early Treatment Diabetic
Retinopathy Study. The diameter of the central ring was 1 mm,
and the thickness of this area was taken to be the average foveal
thickness. The minimum foveal thickness was measured manually
between the vitreoretinal interface and the retinal pigment
epithelium along an axial line through the foveal center.

Measurements of the FAZ area were performed using an OCTA
system, the Optovue RTVue XR Avanti (Optovue, Inc., Fremont,
CA, USA), by experienced examiners. The scanning parameter for
the angioretina mode was 3 mm x 3 mm OCT angiography en
face images, and the superficial vascular plexus was recorded.
One examiner (NO) measured the FAZ area in the angioretina
mode with the embedded software. The FAZ area was delineated
automatically and the values of FAZ area were obtained
(Figure1-3).

The statistical significance of differences of the categorical data
between groups was determined by chi-square tests. The age,
axial length, FAZ area, average foveal thickness, and minimum
foveal thickness were compared by analyses of variance with
Fisher post hoc tests. Paired t tests were used to evaluate the
interocular differences in the ERM group and the MH group.
Multivariate regression analyses were used to determine whether
significant associations were present between the FAZ area and
the clinical findings. A P value less than .05 was accepted as
statistically significant. Statistical analyses of the data were carried
out with the Statview software version 5.0 (SAS Institute, Inc, Cary,
North Carolina, USA).

The demographics of the 3 groups are shown in Table 1.
No significant differences were found in the sex distribution,
age, and axial length among the three groups. Representative
images showing the superficial capillary plexus obtained by OCT
angiography are shown in Figures 1, 2, and 3. These images are
longitudinal scans with corresponding segmentation lines, and the
FAZ areas of both eyes. The FAZ sections and SD-OCT images
from a pair of normal eyes are shown Figure 1. The similarity of
the images of an eye that had the vitrectomy with ILM peeling
for an ERM and the normal fellow eye are shown in Figure 2. The
OCTA images of an eye that had the vitrectomy with ILM peeling
for a MH and that for the normal fellow eye are shown in Figure 3.

The values of the FAZ area and the average foveal thickness in
each group are presented in Table 2. The mean FAZ area in the
ERM group and in the MH group were significantly smaller than
in the normal control group (both P <.0001). The average foveal
thickness in the ERM group was significantly thicker than that in
the other two groups. Likewise, the average foveal thickness in
the MH group was significantly thicker than in the healthy control
group (P <.0001)

The comparisons between the ILM peeled eyes and normal
fellow eyes in 32 unilateral ERM patients and 21 unilateral MH
patients are shown in Table 3. The FAZ area of the ILM peeled
eyes was significantly smaller than that of the normal fellow eyes
in both groups (P <.0001). The average and minimum foveal
thicknesses of the ILM peeled eyes in ERM group were thicker than
that of the normal fellow eyes. In the MH group, average foveal
thickness was significantly thicker in the ILM peeled eyes (P <.0001)
than the normal fellow eyes (P = 0.25). However, the minimum
foveal thickness was not significantly different.

Multiple regression analyses were performed to determine the
factors significantly correlated with the FAZ area using the sex
distribution, age, axial length, average foveal thickness, and the
interval between the surgery and the FAZ measurements as the
independent factors. A thicker average fovea was significantly
correlated with a smaller FAZ area in all groups. A longer axial
length tended to be found in eyes with a smaller FAZ area in both
the ERM and MH groups but the correlation was not significant.
The interval between the surgery and the measurement of the FAZ

area were not significantly correlated with the FAZ area in both
the ERM and MH groups (Table 4).

Multiple regression analyses were also performed to determine
the factors significantly correlated with the BCVA at the time of
FAZ measurements using the sex distribution, age, axial length,
preoperative BCVA in logMAR units, and the FAZ area as the
independent factors. A smaller FAZ area and a better preoperative
BCVA were significantly correlated with better postoperative
BCVA in both the ERM and MH groups (Table 5).

We also investigated the pre- and postoperative FAZ areas in
another group of patients that were different from the patients
in this study. Graphs of the FAZ areas before and 1 month after
the ERM and MH surgeries are shown in Figure 4. The average
preoperative FAZ area for eyes that had MH surgery with ILM
peeling was 0.50 = 0.16 mm? (n = 18), and it was significantly
reduced to 0.30 + 0.12 mm? at 1 month postoperatively (P <.0001).
Similarly, the average preoperative FAZ area for the eyes that
had ERM surgery with ILM peeling was 0.18 = 0.14 mm? (n = 28),
and it was significantly reduced to 0.10 = 0.08 mm? at 1 month
postoperatively (P <.0001).

Table 1. Characteristics of the Study Eyes

ERM group MH group  Healthy group
(n=56) (n=46) (n=169) p value

Female no. (%) 41(73.2) 27 (58.7) 95 (56.2) 0.077
Age (years) 72.0x6.7 71.8£8.2 69.3£10.3 0.075
range 55~ 85 48 ~ 88 27 ~ 89
Axial length (mm) 23.96+1.37 2392+1.33 24.03%£1.48 0.90
range 218~277 216~274 21.4~278

Decimal numerals represent mean + standard deviation (SD)
ERM=epiretinal membrane; MH=macular hole

Table 2. FAZ Area and Average Foveal Thickness of the Groups

ERM group MH group  Healthy group

(n=56) (n=46) (n=169) p value

FAZ area (mm?) 0.148+0.094* 0.255+0.111* 0.358+0.118 <.0001
range 0.022~0.44 0.069~0.54 0.029~0.74

Average foveal
thickness (um)
range 183~508  136~390  210~322
Decimal numerals represent mean + standard deviation (SD)

FAZ=foveal avascular zone; ERM=epiretinal membrane;
MH=macular hole

Analysis of variance with post hoc comparisons by the Fisher
procedure.

*P < .05 compared with the other groups.

339.4+55.7% 295.3%£459* 256.1+23.0 <.0001

Table 3. Comparison between ILM-Peeled Eyes and Normal Fellow Eyes

ILM peeled eyes  Normal fellow eyes  p value

ERM group (n=32)
FAZ area (mm?)  0.145%0.084

Average foveal
thickness (um)

0.363£0.119  <.0001

346.3+£57.2 250.9£21.2 <.0001

Minimum foveal
thickness (um)

MH group (n=21)
FAZ area (mm?)  0.244+0.102

276.6+£77.3 184.7+19.9  <.0001

0.396%+0.118  <.0001

Average foveal

thickness (umy  311:0%35.2

25044228  <.0001

Minimum foveal

thickness (umy  2027%600

188.2+28.2 0.25

Decimal numerals represent mean + standard deviation (SD)

ILM = internal limiting membrane; ERM=epiretinal membrane;
MH=macular hole

FAZ=foveal avascular zone



Table 4. Multiple Regression Analysis for FAZ Area for the Groups

ERM group MH group Healthy group

B Value PValue B Value pValue B Value p Value

Female  -0044 0649 0073 0625 -0.104 0.111
Age 0029 0810 0133 0372 0068 0331
Axiallength  -0.238 00525 -0.283 00754 -0.079 0.263
Averagefoveal 269 <0001 0473 00042 0612 <0001

thickness

Duration -0.101 0346 0.186  0.235

Duration indicates the period between the surgery and the
measurement of the FAZ area

Adjusted R? = 0.573 for FAZ in ERM group (P <.0001).
Adjusted R? = 0.295 for FAZ in MH group (P = 0.0128).
Adjusted R? = 0.389 for FAZ in Healthy group (P <.0001).

FAZ=foveal avascular zone; ERM=epiretinal membrane;
MH=macular hole

Table 5. Multiple Regression Analysis for the Visual Acuity for the Groups

ERM group (n=56) MH group (n=46)

B Value P Value B Value  p Value
Female 0.093 0.470 0.135 0.246
Age 0.091 0.510 0.256 0.0336
Axial length 0.093 0.509 0.110 0.375
T/IrSeL(J)&[lale&:Calzll\és 0.270 0.0398 0580  <0.0001
FAZ area 0.390 0.0035 0.311 0.0097

Adjusted R? = 0.256 in ERM group (P =0.0094).
Adjusted R? = 0.514 in MH group (P = <0.0001).

FAZ=foveal avascular zone; ERM=epiretinal membrane;
MH=macular hole

We measured the superficial FAZ area in the en face OCT
angiographic images in eyes that had undergone vitrectomy with
ILM peeling for the treatment of a MH or an ERM. The superficial
FAZ area was also measured in 169 healthy control eyes. In
addition, we determined the factors that were significantly
correlated with the FAZ area.

The average FAZ area in both groups was smaller than that of
the healthy control eyes. The average FAZ area of the ILM peeled
eyes with an ERM was smaller than that of the ILM peeled eyes
with a MH. A smaller FAZ area was significantly correlated with
a thicker fovea both in the ILM peeled eyes and the normal eyes
that had not had any type of surgery.

The results of previous studies showed that the foveal thickness
was significantly associated with the sex, age, and axial length.?="
We performed multivariate regression analyses using these factors
and found that a thicker fovea was significantly correlated with
a smaller FAZ area in all groups. A longer axial length tended to
be found in eyes with a smaller FAZ area in both groups but the
difference was not significant. It is possible that the effects of ILM
peeling were greater in eyes with longer axial lengths.

Tick et al* studied normal eyes and reported that the size of
the FAZ determines the extent of centrifugal migration of inner
retinal layers. The central foveal thickness was correlated inversely
with the degree of inner layer separation and with the FAZ area.
Several studies have also reported a strong negative correlation
between the thickness of the fovea and the FAZ area.>”""'3 In
healthy eyes, a smaller FAZ is due to normal variations. On the
other hand, the smaller FAZ might result from the movement of
inner retinal layers toward the center of the fovea after the surgery
in ILM peeled eyes.

Baba et al*3 showed that the FAZ area measured by OCTA was
significantly smaller after successful MH surgery with ILM peeling.
The larger FAZ area in MH eyes and smaller FAZ area in ERM eyes
are probably due to centrifugal and centripetal tractional forces,
respectively, that exert traction on the foveal center. Although the
tractional forces on the fovea in these two conditions are opposed,
the FAZ area was significantly reduced after the vitrectomy with
ILM peeling. This indicates that the ILM peeling is associated with
a smaller FAZ area, but more data are needed to determine the
correlation between the ILM peeling and FAZ size. Due to large
variations in the distortions of the fovea in ERM and MH eyes, the
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comparisons between pre- and postoperative measurements are
not suitable for studying the effects of ILM peeling on the FAZ
area.

We recently reported our findings on 5 eyes with a thin ERM
that underwent ILM peeling for vitreofoveal traction. The first
case had a postoperative centripetal movements of the vessel
bifurcation points toward the foveal center.?> The second case
had a decrease in the FAZ area in the OCTA images.?® The 3
other cases had an increase in the average foveal thickness and
foveal area after vitrectomy with ILM peeling for a thin ERM.?” The
results of these cases suggest that a centripetal movement of the
inner retinal layers occurs after ILM peeling. Several authors have
reported that ILM peeling leads to morphological changes that
can cause a thickening of the fovea.>*3° The FAZ area in the ERM
group was 60.2% smaller while the MH group was 28.2% smaller
than that of the normal fellow eye. The smaller FAZ area in both
groups might be due to a combinations of two factors; the release
from tractional forces and the inner retinal layer movement caused
by the ILM peeling.

Multiple regression analyses showed that a smaller FAZ area
was significantly correlated with better postoperative BCVA in
both the ERM and MH groups. Recently, significant correlations
were found between the FAZ area and the visual acuity in patients
with diabetic retinopathy and retinal vein occlusion. However,
these studies examined both treatment-naive eyes and the eyes
with various treatments, e.g., laser photocoagulation, anti-VEGF
injections, vitrectomy, or a combination of these therapies.

In our study, we did not consider the status of the ellipsoid
zone of the photoreceptors that could have influenced the
postoperative visual acuity. Further studies are required to clarify
the clinical relevancy of the relationship between FAZ area in the
OCT angiographic images and the visual acuity after vitrectomy
with ILM peeling.

There are some limitations of our study. First, this study did
not determine whether the smaller FAZ area was caused by ILM
peeling. A prospective study in which the same measurements
are done before and after surgery with and without ILM peeling is
needed. Second, the relationship between the FAZ area and the
extent of the ILM peeling was not examined although similar size
ILM peeling was performed by the same surgeon.

In conclusion, the results of this study showed that OCT
angiography is a useful method to study the FAZ area in ILM
peeled eyes for MH and ERM. The FAZ area after ILM peeling was
smaller than that of control eyes. The increased foveal thickness
and the smaller FAZ area is strongly correlated both in ILM peeled
eyes and normal eyes. The results encourage further studies using
OCT angiography to determine the effects of ILM peeling on the
FAZ area and foveal morphology.
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Optical coherence tomography angiographic images of a normal
eye showing the superficial capillary networks of the right eye and
of the left eye (Top, left and right). Longitudinal scan shows the
corresponding segmentation lines (Middle, left and right). The area
in shadow is the FAZ area (mm? bottom, left and right).

Optical coherence tomography angiographic images of a patient
with unilateral epiretinal membrane showing the superficial
capillary networks of the normal fellow right eye and of the
affected left eye that had undergone vitrectomy with ILM peeling
(Top. left and right). Longitudinal scan shows the corresponding
segmentation lines (Middle, left and right). The area in shadow is
the FAZ area (in mm2 bottom, left and right).

Optical coherence tomography angiographic images of a patient
with unilateral macular hole showing superficial capillary networks
of the normal fellow right eye and of the affected left eye that
underwent vitrectomy with ILM peeling (Top, left and right).
Longitudinal scan shows the corresponding segmentation lines
(Middle, left and right). The area in shadow is the FAZ area (in
mm?; bottom, left and right).

Graphs of the FAZ areas before and after epiretinal membrane
(Left) and macular hole (Right) surgeries. The FAZ area is
significantly decreased at 1 month after the surgery in both eyes
(both P<.0001).
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Running head: GBCA leakage from the vein of Labbe



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

Since the first report on the deposition of gadolinium in
the brain parenchyma after repeated intravenous administrations
of gadolinium-based contrast agent GBCA (IV-GBCA), the
mechanisms of penetration and retention are still remaining
a hot topic of discussion and a target of investigation. We
routinely obtain endolymphatic hydrops (EH) images at 4 hours
after IV administration of a single dose (SD) of GBCA (IV-SD-
GBCA) using heavily T2 weighted 3-dimentional fluid-attenuated
inversion recovery imaging (hT2w-3D-FLAIR). Occasionally, we
have encountered cases that indicate high signal intensity (SI) in
the cerebrospinal fluid (CSF) surrounding the vein of Labbe. The
purpose of the present study was to investigate the degree of
contrast enhancement of the CSF surrounding the vein of Labbe
on hT2w-3D-FLAIR after IV-SD-GBCA in comparison with other CSF
spaces.

In 25 patients with a suspicion of EH, a
magnetic resonance cisternography (MRC) and an hT2w-3D-FLAIR
were obtained at 4 hours after IV-SD-GBCA. The perivascular
space (PVS) in the basal ganglia, CSF spaces in the ambient cistern
(CSF-Amb), the CSF surrounding the superficial middle cerebral
vein (CSF-SMCV), and the CSF surrounding the vein of Labbe (CSF-
VL) were segmented on MRC. The PVS and CSF regions were co-
registered onto the hT2w-3D-FLAIR and the SI of the PVS and
CSF spaces were measured. The Sl ratio (SIR) of the post-contrast
hT2w-3D-FLAIR to the pre-contrast hT2w-3D-FLAIR was measured.
Significant differences were evaluated using Steel-Dwass’ s test for
multiple comparisons.

The SIR of the CSF-VL was significantly higher than that of
the PVS (p=0.008), the CSF-Amb (p=0.021), and the CSF-SMCV
(p=0.023).

The strong contrast enhancement of CSF space
around the vein of Labbe was confirmed on hT2w-3D-FLAIR at
4 hours after IV-GBCA compared to the PVS and the other CSF
spaces.

Previously, it was thought that gadolinium-based contrast agents
(GBCAs) with an intact chelate did not pass the brain-blood
barrier (BBB) and penetrate into the brain parenchyma directly.’
Therefore, magnetic resonance (MR) imaging using GBCAs has
been performed routinely to reveal lesions with a disrupted BBB,
such as tumors, infections, and metastases.

Since the first report on gadolinium deposition in brain
regions such as the dentate nucleus and globus pallidus after
repeated intravenous administrations of GBCA (IV-GBCA), the
mechanisms of penetration and retention are still remaining a
hot topic of discussion and a target of investigation.? Recently,
a hypothesis for waste clearance system in the brain via a
cerebrospinal fluid (CSF) - interstitial fluid pathway via perivascular
space (PVS) has been proposed and named “glymphatic system” .
While, leakage of GBCAs into the PVS and CSF that comprise
the glymphatic system was reported on heavily T2 weighted
3-dimentional fluid-attenuated inversion recovery images (hT2w-
3D-FLAIR) in a delayed phase after IV-GBCA in human subjects
without renal insufficiency.*> Therefore, it is presumed that GBCA
penetration into the CSF may be linked to glymphatic function.®
However, the pathway for IV-GBCA leakage into the CSF space
has not been clarified. Although the choroid plexus, which has
been regarded as the place of CSF secretion via the CSF-blood
brain barrier, seemed to be a candidate for this leakage pathway,
there is a recent reports suggesting that choroid plexus function is
insufficient to regulate CSF circulation, formation, absorption, and
pressure.®’

The FLAIR sequence is sensitive to GBCA distribution in fluid
compared with conventional T1-weighted imaging.® Especially,
the hT2w-3D-FLAIR sequence has very high sensitivity to subtle
T1 shortening in the fluid, such as GBCA at low concentrations
within CSF.° This imaging sequence has enabled the detection
of slight amounts of GBCA in the perilymph space after IV
administration of a single dose (IV-SD-GBCA), and a method to
visualize endolymphatic hydrops (EH) by clinical MR imaging
has been developed.’™®' We routinely obtain EH images at 4
hours after IV-SD-GBCA using hT2w-3D-FLAIR and evaluate the
volume of EH quantitatively in accordance with our previously
reported studies.'?'> We have occasionally encountered cases
with high signal intensity (SI) in the CSF surrounding the vein of
Labbe, also known as the inferior anastomotic vein. Therefore,
we hypothesized that an assessment of the strong contrast
enhancement might be helpful to elucidate the mechanism of
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GBCA leakage into the CSF.

The purpose of the present study was to investigate the
degree of contrast enhancement on hT2w-3D-FLAIR of the
CSF surrounding the vein of Labbe compared to different CSF-
containing regions after IV-SD-GBCA.

Patients

Twenty-five patients (11 men, 14 women; ages: 27 to 74 years,
median 55 years) who underwent MR examination from October,
2015 through January, 2018 to assess clinically suspected EH
were enrolled. We confirmed that there had been no significant
misregistration in all patients by observing inner ear structure on
a subtraction image of MR cisternography (MRC) from hT2w-3D-
FLAIR: HYDROPS2 (HYbriD of Reversed image Of MR cisternography
and positive Perilymph Signal by heavily T2-weighted 3D-FLAIR).'®
The estimated glomerular filtration rate (eGFR) of all patients
exceeded 60ml/min/1.73m?2. The medical ethics committee of our
hospital approved this retrospective study and waived informed
consent.

MR imaging

All imaging was performed on a 3T MR scanner (MAGNETOM
Skyra, Siemens Healthcare, Erlangen, Germany) with a 32 channel-
phased array head coil. MR examinations were performed before
and 4 hours after IV-SD-GBCA (0.1 mmol/kg body weight) to
evaluate the degree of EH. For the GBCA, a macrocyclic agent,
gadoteridol (Gd-HP-DO3A; ProHance, Eisai, Tokyo, Japan), was
administered. The patients underwent an MRC and an hT2w-3D-
FLAIR sequence, according to a previously reported protocol used
for the evaluation of EH.'>'> For the MRC, a heavily T2-weighted
3D-turbo spin echo sequence (TR=4400ms, TE=544ms) with a
variable refocusing flip angle was used. The hT2w-3D-FLAIR was
a similar sequence type to the MRC; however, a nonselective
inversion recovery pulse and extended TR were applied in this
sequence (TR=9000ms, TE=544ms, TI=2250ms). The resolution
parameters and the range of imaging axial slabs were aligned in
both sequences. The voxel size was 0.5 X 0.5 X 1.0mm. The slab
thickness was 104mm. The oblique degree of imaging slab was
parallel to the anterior commissure (AC)-posterior commissure
(PC) line and bilateral internal auditory canal in the axial section,
and the center was set at the level of internal auditory canal. The
details of the imaging parameters are indicated (Table 1).

Image analysis

Two radiological technologists with 8 and 15 years of experience
in MR imaging evaluated the images using OsiriX (version 5.8 32bit,
Pixmeo SARL, http://www.osirix-viewer.com/). The SI of the PVS in
the basal ganglia, the CSF in the ambient cistern (CSF-Amb), the
CSF surrounding the superficial middle cerebral vein (CSF-SMCV),
and the CSF surrounding the vein of Labbe (CSF-VL) were used for
the measurements.

First, the PVS in the bilateral basal ganglia was segmented
on the middle slice of the MRC that contained both the AC and
PC using a region growing function of OsiriX. The region growing
function allows to segment the voxels that fulfil the user defined
threshold range. The PVS was regarded as an isolated area that
indicates fluid signal in the basal ganglia on the MRC. The SI
threshold of the region growing method was set to the half value
of the SI that the CSF in the Sylvian fissure indicated. Then, the
PVS region on the MRC was co-registered by copy and paste onto
the hT2w-3D-FLAIR, and the SI of the PVS on hT2w-3D-FLAIR was
measured. An example of the PVS segmentation is indicated (Fig. 1).

In the next step, the CSF regions were segmented. Circular
regions of interest (ROIs) with a émm diameter were set bilaterally
in the ambient cistern, the SMCV, and the vein of Labbe. The ROI
in the SMCV was drawn in the vessel-formed structure showing a
flow void in the anterior superficial part of the temporal lobe on the
MRC. The ROI in the vein of Labbe was placed in the most posterior
located vessel-formed structure showing a flow void in the middle
or posterior superficial part of the temporal lobe on the MRC. To
exclude the vessels, bones, or brain parenchyma from the ROls,
the CSF regions within the ROIs were segmented using the region
growing method. The half value of the SI that the CSF in the Sylvian
fissure indicated was applied for the SI threshold of the region
growing method. The CSF regions on the MRC were co-registered
by copy and paste onto the hT2w-3D-FLAIR, and the SI of the CSF-
Amb, CSF-SMCV, and CSF-VL on hT2w-3D-FLAIR were measured.
An example of the CSF segmentation is indicated (Fig. 2).

The SI measurements were performed on both the pre and
post-contrast hT2w-3D-FLAIR.

Statistical Analysis

The statistical analyses were performed with R software (version
3.4.3, The R Foundation, https://www.R-project.org/) using the
mean value of the two observers’” measurements and the bilateral
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values were averaged. We defined the ratio of the SI on the post-
contrast hT2w-3D-FLAIR to the SI of the pre-contrast hT2w-3D-
FLAIR as the Sl ratio (SIR): SIR = SI of the post-contrast hT2w-
3D-FLAIR/SI of the pre-contrast hT2w-3D-FLAIR. The significant
differences between the SIR of the PVS, CSF-Amb, CSF-SMCV,
and CSF-VL were evaluated using Steel-Dwass’ s test for multiple
comparisons. We considered a probability value less than 0.05
as statistically significant. The intra-class correlation coefficient
between the two observers’ measurements was also calculated.

The SIR of the CSF-VL was significantly higher than that of the PVS
(p=0.008), the CSF-Amb (p=0.021), and the CSF-SMCV (p=0.023).
Figure 3 shows the comparison of the SIR of the PVS and the CSF
spaces. The representative images obtained in the present study
are indicated (Fig. 4).

The intra-class correlation coefficient between the SIR
measurements from the two observers was 0.835 for the PVS,
0.673 for the CSF-Amb, 0.743 for the CSF-SMCV, and 0.929 for the
CSF-VL.

In the present study. the SIR of the PVS and the CSF spaces was
investigated using hT2w-3D-FLAIR prior to and at 4 hours after V-
SD-GBCA. The SIR of the CSF-VL was significantly higher than that
of the PVS and the other CSF spaces. The strong enhancement
of the CSF space around the vein of Labbe indicates GBCA
penetration and suggests that the vein of Labbe might be a
pathway by which intravenously administered GBCA leaks into the
CSF spaces. GBCA penetration into the CSF has been regarded
as a result of increased BBB permeability.’” MR diagnostic findings
for CSF signal alteration such as “hyperintense acute reperfusion
marker” which has been described as a sign for early BBB
disruption in acute ischemic stroke, are based on this concept.’®
A recent study using a conventional 3D-FLAIR sequence at 16
minutes after [V-SD-GBCA confirmed contrast enhancement of
the CSF surrounding cortex in 21 (28%) of 74 subjects.' They
suggested that the signal enhancement of pericortical CSF was
associated with increasing age, and that was a result of BBB
disruption, which was caused by cerebral ischemia or hypoxia.'.
In the present study, the oldest male subject indicated especially
strong enhancement of CSF surrounding SMCV and the vein of
Labbe, the outliers on Figure 3. The leakage of GBCA might be
related to the aging process. However, the subjects in the present
study did not have a history of cerebrovascular disease that could
cause BBB disruption. The hT2w-3D-FLAIR sequence has a higher
sensitivity for small amounts of GBCA diluted in fluid than the
conventional FLAIR sequence used in the previous study.>'® The
waiting time after IV-SD-GBCA was much longer in the present
study. In addition, according to a previous study on healthy human
subjects using the hT2w-3D-FLAIR sequence, the enhancement
of the CSF was confirmed at 1.5 hours after IV-SD-GBCA and the
signal increase persisted for at least 6 hours.*> The GBCA leakage
was observed not only in subjects with pathologically disrupted
BBB, but also in subjects with presumed intact BBB. Studies on rats
also indicates prompt leakage of GBCA to CSF after intra-venous
administration.?02" Therefore, these findings suggest that there
might be two mechanisms for GBCA penetration into the CSF
space from the blood:; one is “fast and thick”, which is a result of a
disrupted BBB, and the other is “slow and slight”, which is seen in
subjects with an intact BBB.

There are several studies in which CSF enhancement after
IV-SD-GBCA has been reported. One previously reported study
confirmed a strong enhancement of the CSF spaces around the
peripheral part of cerebral nerves such as the optic, trigeminal,
and vestibulocochlear nerves, compared with the ambient cistern
on hT2w-3D-FLAIR at a delayed phase after IV-SD-GBCA.# The
leakage of GBCA in the PVS, which is the key organ for the
glymphatic system, after IV-SD-GBCA was reported.® In a recent
study, enhancement around the organum vasculosum of the
lamina terminalis, a circumventricular organ which lacks a BBB,
was observed after IV-SD-GBCA using hT2w-3D-FLAIR.?2 Therefore,
it is possible that these regions, including the vein of Labbe, might
play a role in the leakage of GBCA into the CSF from the blood,
acting as the part of the glymphatic system pathway.

The glymphatic system is speculated to be responsible for
homeostasis of the CSF. Dysfunction of the glymphatic system
causes an accumulation of toxic solutes including amyloid 8,
which is a risk factor for the development of Alzheimer’ s disease.?
Recent clinical imaging using hT2w-3D-FLAIR showed that the
large PVS did not enhance at 4 hours after IV-SD-GBCA; however,
moderate sized PVS was enhanced.?®> An enlarged PVS is a feature
of cerebral small vessel diseases, and a recent review proposed an
association between cerebral small vessel diseases and glymphatic

dysfunction.?* In addition, a strong negative correlation between
enhancement of the PVS in the basal ganglia and the volume of
the EH, as well as a positive correlation between enhancement of
the PVS and that of the ambient cistern was reported in a previous
study.?® The leakage of GBCA in the brain might depend on the
state of glymphatic function. A further study correlating the degree
of enhancement of the CSF space around the vein of Labbe and
patients’ symptoms as a result of the glymphatic dysfunction is
warranted to further our understanding of the glymphatic system.

The present study has several limitations. Although we
assessed the patients’ misregistration using HYDROPS2 images'®
and confirmed that there had been no significant misregistration
in all patients, there might be very small patients’ movement that
affects the measurements of SI in some cases. The results in the
present study may include some bias, because all the subjects
in the present study were suspected to be EH, the volume of
which was correlated with the enhancement of PVS in the basal
ganglia.?> Furthermore, in a few cases, CSF surrounding SMCV
indicated strong enhancement. There might be a possibility that
not only the vein of Labbe but also other superficial cerebral vein
is the pathway where GBCA leaks into the CSF space. However,
the cranial edge of the scanning range was the level of the
lateral ventricle in the present study. Therefore, the further study
including whole brain on the healthy human subjects should be
investigated.

The strong contrast enhancement of the CSF space around the
vein of Labbe was confirmed on hT2w-3D-FLAIR at 4 hours after
IV-GBCA compared with the PVS and the other CSF spaces.

The vein of Labbe might be involved in the process of GBCA
leakage into the CSF.

All authors do not have any conflicts of interest regarding the
present study.
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Home safety assessment and intervention is a key component
in the management of fall risk in elderly people. However, a
standardised assessment for home safety has not yet been
established in Japan. We developed a Japanese version of the
Westmead Home Safety Assessment by partially modifying the
original version according to house structures and lifestyles in
Japan and examined its inter-rater reliability and content validity.

Japanese elderly in the community who had fear of falls were
recruited to investigate the reliability of the Japanese version
of the Westmead Home Safety Assessment. Two occupational
therapists simultaneously visited a participant’ s home to perform
the Japanese version of the Westmead Home Safety Assessment
independently. Further, an expert panel of 18 occupational
therapists evaluated the relevance of each item of the Japanese

Aiseikai Healthcare Corporation

version of the Westmead Home Safety Assessment.

Fifty elderly people (aged 78.2 =& 7.1 years) participated in this
reliability study. The most frequent hazards were identified as internal
steps/stairs, seating, bathroom, bath, and external steps/stairs. Forty-
nine items (69%) in the Japanese version of the Westmead Home
Safety Assessment were rated to have fair to good (0.40< k <0.75)
or excellent (k = 0.75) reliability as well as excellent validity (item
content validity =0.78). These items were concerned with basic
activities of daily living and some simple instrumental activities of
daily living. The scale content validity was 0.78 % 0.16 but was not
excellent (scale content validity index <0.90).

This study suggested that 49 items in the Japanese version of
the Westmead Home Safety Assessment were appropriate for
home safety assessment for Japanese elderly. Further research
is necessary to improve the reliability and validity of the present
version of the Japanese version of the Westmead Home Safety
Assessment for this population.

Prevention of falls is an urgent public health challenge because
injuries as a consequence of falls are a leading cause of long-term
care among elderly people. Falls are the fifth-ranked cause of living
with disability among people aged 80 years and older worldwide
(GBD 2015 Disease and Injury Incidence and Prevalence
Collaborators, 2016). In Japan, for elderly people certified by
municipal governments as needing long-term care, bone fractures
or falls accounted for 10.2% of all major causes of long-term care
requirement (Ministry of Health, Labour, and Welfare, 2010).

Home safety assessment and intervention can reduce both the
rate of falls and risk of falling (Clemson, Mackenzie, Ballinger,
Close, & Cumming, 2008; Gillespie et al., 2012). They would be
more effective when implemented for high-risk participants and
provided by occupational therapists (OTs) (Clemson et al., 2008;
Gillespie et al,, 2012; Pighills, Torgerson, Sheldon, Drummond, &
Bland, 2011). Regarding OTs' roles in fall prevention, implementing
an intensive home safety assessment to take into account the
interaction between an individual client and his/her environment
(Clemson, Donaldson, Hill, & Day, 2014; Pighills, Ballinger,
Pickering, & Chari, 2016) and using problem-solving techniques
and including the client in the decision process (Clemson et al.,
2014) are beneficial to the aforementioned effectiveness.

A standardized home safety assessment is important to minimize
evaluator bias and provide compatibility of evaluation findings
about home hazards and is eventually beneficial to provide an
accountable and consistent implementation to prevent falls. In
Western countries, some assessments originated by OTs with
adequate reliability have been developed, such as the Safety
Assessment of Function and Environment for Rehabilitation-
Health Outcome Measurement and Evaluation (Letts, Scott,
Burtney, Marshall, & McKean, 1988), the Westmead Home Safety
Assessment (WeHSA) (Clemson, Fitzgerald, Heard, & Cumming,
1999), the Home Falls and Accidents Screening Tool (Mackenzie,
Byles, & Higginbotham, 2002; Vu, & Mackenzie, 2012), and the
Cougar Home Safety Assessment (Fisher, Coolbaugh, & Rhodes,
2006). However, there is no standardized home safety assessment
for fall prevention in the Japanese population.

This study aimed to develop a home safety assessment
appropriate to be used by OTs for the elderly with risks of falls in
Japan. We modified the WeHSA (Clemson, 1997) that had already
been established in Australia to develop a Japanese version
for Japanese elderly and examined its inter-rater reliability and
content validity.

From the above-mentioned home safety assessments, the authors
selected the WeHSA (Clemson, 1997), which consists of a large
number of items to evaluate fall hazards.

The WeHSA consists of 72 items that are rated using a 2-point
scale (hazard/no hazard) or ‘not relevant’ according to a home
visit by an OT. Hazard options are provided for each item, and the
raters also identify the types of hazards.

The Japanese version of the Westmead Home Safety Assessment
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(WeHSA-J) was developed according to the following steps:
forward translation of the evaluation form and its manual, back
translation of the form and manual, a pilot test conducted with
two elderly persons, and cultural adaptation. Although new
evaluation items were not added to the WeHSA-J, minor changes
to the names of 10 items in the original WeHSA were made to
suit the structural features of Japanese homes (Appendix 1). For
example, a typical Japanese bathroom area consists of a dressing
room adjacent to a bathroom and components in a bathroom
such as a bath, washing place, and shower (Figure 1); therefore,
we modified the evaluation items in the category of ‘bathroom’
of the original WeHSA. Additionally, because a typical Japanese
house has tatami rooms for sitting on a cushion on the floor and
sleeping on a futon on the floor (Figure 2), these cases were also
evaluated using the WeHSA-J items ‘seating’ and ‘bed’ of the
WeHSA. All the changes and cultural adaptations in the WeHSA-J
were approved by the original author of the WeHSA.

Figure 1. A Japanese bathroom and a dressing room. A typical
Japanese bathroom area consists of a bathroom and a dressing
room adjacent to a bathroom.

Figure 2. Sleeping on a futon in a tatami room. A typical Japanese
house has tatami rooms for sleeping on a futon and sitting on a
cushion on the floor (tatami).

This study examined both the inter-rater reliability and content
validity of the WeHSA-J. The authors gave OTs workshops to
administer the WeHSA-J, including two lectures (4 hours in total).
The OTs implemented the WeHSA-J at their own clinical sites,
reported the results, and then received feedback. To assess
the inter-rater reliability of each rating for the 71 items in the
WeHSA-J, some OTs who had completed our workshop recruited
participants under the following two conditions: (1) elderly people
who either lived at home or were planning to be discharged from
the hospital, and (2) were able to walk indoors with or without
assistance but had risks of falls as determined by OTs and family
members or fear of falls by the elderly themselves.

To examine the reliability, two raters simultaneously visited the
participants’ homes and performed independent assessments.
One rater was the OT (the therapist rater) who recruited the
participants for this study, and the other rater was the second
author (the expert rater) who developed the WeHSA-J. We also
collected information regarding the participants’ ages. genders,
living conditions, primary diagnoses, indoor locomotion methods,
Berg Balance Scale (BBS) scores (Berg, Wood-Dauphinee, Williams,
& Maki, 1992), and the number of falls in the prior year. The BBS
is widely used to observationally measure balance and assess the
risk of falls in elderly people, with scores ranging from O to 56. The
risk of multiple falls is supposed to increase with a score below
45 and increase significantly with a score below 40 (Muir, Berg,
Chesworth, & Speechley, 2008).

The content validity of the WeHSA-J was examined by an expert
panel. We mailed the questionnaire about its validity to 24 OTs
who did not participate in the WeHSA-J workshop and had 10 or
more years of clinical experience including the implementation
and/or education of home modification. Each expert was asked
whether each item of the WeHSA-J was relevant as an evaluation
item for identifying fall hazards at home in Japanese elderly using
a 4-point scale (1=not relevant, 2=somewhat relevant, 3=quite
relevant, and 4=highly relevant).

This research protocol was approved by the Ethical Committee of
School of Medicine, Shinshu University. Written informed consent
to participate in this study was obtained from all the participants.

Cohen'’ s kappa (k) coefficient was used to examine the reliability,
and the item content validity index (I-CVI) and the scale content
validity index (S-CVI) were used to examine the validity.

As reported in the reliability study by the original authors of the
WeHSA (Clemson et al., 1999), the results of the hazard rating were
analysed using a binary variable: ‘hazard’ and either ‘no hazard" or
‘not relevant” . According to the criteria proposed by Fleiss, Levin,
and Paik (2003), a range of k = 0.4 was defined as poor, a range
of 0.4< k <0.75 was defined as fair to good, and a range of 0.75 =
Kk was defined as excellent. The statistical significance level was set
at P<0.05.

The I-CVI score was calculated by dividing the number of experts
who gave a rating of 3 (quite relevant) or 4 (highly relevant) by the
total number of experts. The S-CVI score was the average of the
71 |-CVI scores. According to the criteria proposed by Polit and
Beck (2015), I-CVIs of 0.78 or higher were excellent, and S-CVIs of
0.90 or higher were excellent.

SPSS version 23.0J was used for the data analysis.

Fifty elderly people (aged 78.2 £7.1 years, 29 males (58%) and
21 females (42%)) participated in this reliability study (Table 1).
Most of the participants lived with other individuals (n=41; 82%).
The participants’ diagnoses included cardiovascular disease,
osteoarthritis, cancer, etc. Regarding indoor locomotion methods,
26 participants (52%) walked independently without a walking
aid, 11 (22%) walked independently with a walking aid, and 13
(26%) walked with assistance. The BBS score of all participants
ranged from 5 to 50, and 30 (60%) were below 40; eight (16%)
were between 41 and 44; and 12 (24%) were 45 and over. The
self-reported number of falls in the past year was as follows: 23
participants (46%) reported none, 7 (14%) reported one fall,
19 (38%) reported two or more falls, and one (2%) reported
‘unknown’ . None of the participants demonstrated impaired
visual performance. The reasons for conducting the WeHSA-J on
each participant were as follows: a home visit before discharge
from the hospital for 22 participants (44%), consultation on fall
prevention for 17 (34%), and community-based OT services for
11 (22%). A total of 13 OTs participated in this reliability study as
therapist raters.

Table 1. Characteristics of the participants in the reliability study
(n=50).

In the validity study, 18 OTs (seven males and 11 females)
responded (a 75% response rate). The years of clinical
experience of the 14 OTs (78%) ranged from 10 to 20 years,
and the remaining four OTs (22%) each had more than 20
years’ experience. Eleven OTs (61%) worked in hospitals, 4
(22%) worked at a university, and 3 (17%) worked for the local
government.

The most frequent hazards were identified as internal steps/stairs
(n=32; 64% identified by the therapist raters), seating (n=32;
64%), bathroom (n=26; 52%), bath (n=24; 48%), external steps/
stairs (n=22; 44%), toilet location (n=21; 42%), footwear (n=20;
40%), internal steps/stairs handrails (n=20; 40%), floormats (n=18;
36%), and pathways/driveways (n=18; 36%) (Table 2). No hazards
were identified for the following five items: ironing area, internal
stairs/elevator/approach, hot plates, dishwasher, and drier.

Table 2. Most frequent hazards in the home identified by the
raters of Japanese elderly.

For the inter-rater reliability of the WeHSA-J, 48 items were
rated excellent (68%; P<0.01) and 18 were rated fair to good
(25%; P<0.01); none were rated poor. The above-mentioned five
items (7%) that did not present an identified hazard could not be
calculated using Cohen’ s kappa (k) coefficient.

Regarding the content validity, the I-CVIs of 50 items (70%) were
rated as excellent, whereas the S-CVI was 0.78 = 0.16, which was
not rated as excellent (less than 0.90).

Forty-nine items (69%) in the WeHSA-J were rated as fair to
good or excellent for inter-rater reliability as well as for excellent
content validity (Table 3). The 49 items included those concerned
with basic activities of daily living, such as locomotion, seating,
sleeping, bathing, and going to the toilet, as well as those
concerning simple instrumental activities of daily living (IADL),
such as preparing a simple meal and going to a washing machine.
The other items (31%) were mostly concerned with IADL, such as
cleaning, telephone call, ironing, cooking, doing laundry, taking
medication, and safety calls (Table 4). All these items except for
‘internal stairs/elevator/approach’ were unaccepted due to the
shortage of I-CVI score.

Table 3. The 49 items of the WeHSA-J with adequate inter-rater
reliability and content validity.
Table 4. The 22 items of the WeHSA-J without calculated inter-



rater reliability and/or without adequate content validity.

The results of this study suggested that the 49 items (69%) in the
WeHSA-J were reliable and relevant for identifying fall hazards in
the homes of elderly Japanese. In contrast, the other items were
mostly concerned with IADL and were not always applicable to all
seniors.

According to a report by the Tokyo Fire Department, one of the
few statistical records of accidental falls in Japanese elderly,
27,253 seniors living in Tokyo were taken by ambulance in 2015
due to falls at home. The sites of occurrence were the living
room and bedroom (68%), entrance (10%), hallway and veranda
(7%), toilet area and washroom (3%), kitchen (3%), stairs (2%),
bathroom (2%), and garden and pond (2%), among others. The 49
items in this study broadly covered the sites of accidental elderly
falls at home.

The WeHSA-J generally had adequate inter-rater reliability, similar
to the original WeHSA. The number of items with excellent or fair
to good reliability was as follows: 65 items (92%) in the original
version (Clemson et al., 1999) and 66 (93%) in the Japanese
version. There was no item with poor reliability in both versions. A
possible reason for this result was that the collected data in this
study, as well as in Clemson et al.” s research (1999), warranted
specific training for the raters of the assessments to maximise
reliability and consistency.

The results of this study also clarified some frequent fall hazards in
the homes of Japanese elderly. It is generally known that Japanese
houses commonly have many steps indoors and high bathtubs;
both are fall hazards for seniors. However, there were few reports
citing substantive evidence of these risks. To our knowledge, this
study is the first to report that internal steps and bathtubs are
the most frequent fall hazards specifically for Japanese seniors.
According to a study of 257 Australian elderly (Clemson, Roland, &
Cumming, 1997), the following items of the WeHSA were indicated
as the most frequent hazards: floormats (n=76; 30%), pets (n=71;
28%), pathways/driveways (n=51; 20%), bathroom floor surfaces
(n=47; 18%), toilet floor surfaces (n=46; 18%), bathmats (n=45;
18%), seating (n=36; 14%), footwear (n=32; 12%), external steps
(n=31; 12%), and lighting (n=31; 12%). Conversely, only 13 cases
(5%) of internal step/stair hazards and 11 cases (4%) of bath
hazards were found by Clemson et al. (1997), whereas 29 cases
(58%) and 24 cases (48%) were found, respectively, in our study.

The present study had several limitations. First, convenience
samples were used, and the sample size was small. This resulted
in selection bias, that is the majority of samples for the reliability
study were patients who received a home visit before hospital
discharge and with low BBS scores (less than 45). Further, the
majority of the raters in the validity study were OT hospital
employees. Thus, the evaluation items accepted in this study might
be appropriate for the impaired elderly rather than the elderly in
general. Second, there were factors that might influence the results
of the evaluation process for both studies of validity and reliability.
In the validity study, the evaluators were asked about the
relevance of each evaluation item of the WeHSA-J but were not
asked about its scope. Therefore, we did not investigate whether
there were omissions in the evaluation items for identifying fall
hazards in the homes of Japanese elderly. In the reliability study,
one rater (the therapist rater) was trained by the other rater (the
expert rater and second author), thereby creating the potential
for bias, as the expert rater could know the results evaluated by
the therapist rater. Third, the question about the participants’
one-year fall histories might create recall bias in the reliability
study. In addition, since the participants’ cognitive status was not
evaluated, this might increase recall bias. Considering the above-
mentioned limitations, further research is needed to determine
other psychometric properties such as construct validity in order
to refine the evaluation items whether they are well fitted for
identifying fall hazards in the homes of the elderly with risks of falls
in Japan.

Although the framework of the WeHSA-J in its entirety was not
adequate in the home safety construct for falls prevention of
the Japanese elderly, the 49 items were reliable and relevant
for identifying fall hazards in their homes. Further research is
necessary to improve the reliability and validity of the present
version of the WeHSA-J for this population.
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Appendix 1. Changes from the original WeHSA to the WeHSA-J.
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A Case of Late Recurring Mesenterium Metastasis to the Ascending Colon from Breast
Cancer 26 Years after Radical Surgery : Yamauchi K *!, Itatsu K *!, Nagasaka T *2 Ovya J ™.,
Kato T *!, Miura S*! and Kubota T *! (*! Department of Surgery, Kamiiida Daiichi General
Hospital, Aiseikai Healthcare Corporation, * Department of Pathophysiological Laboratory Sci-
ences Nagoya University Graduate School of Medicine)

A 73-year-old female visited our hospital because of right abdominal pain. CT suggested
acute diverticulitis with a mesenteric abscess in the ascending colon. As antibictic therapy did
not reduce the abscess, an emergency operation was performed. Right hemicolectomy with
D2 lymph node dissection was carried out because the mesenteric mass was diagnosed as ma-
lignant. Macroscopically, the 6-cm polycystic lesion was located in the mesentery of the
ascending colon, and there was no lesion or tumor in the mucosal area. The tumor was adeno-
carcinoma in several mesenteric lymph nodes. At the age of 47, she had undergone
mastectomy for right breast cancer. Pathologically, both lesions were invasive micropapillary
carcinoma that were ER- and PgR-positive, and negative for HER2, suggesting metastasis of
mesenteric adenocarcinoma from the right breast cancer. During endocrine therapy, meta-
static lesions in the liver, para-aortic lymph nodes, and mesorectum occurred, and she died 24
months after surgery. The late recurrence of breast cancer to the mesenteric lymph node 26
years after radical surgery is extremely rare.

Key words : Invasive micropapillary carcinoma of breast, Late recurrence, Colonic lymph node
metastasis
Jpn J Breast Cancer 33 (3) 1293 ~ 299, 2018
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—Pure Autonomic Failure with Lewy bodies
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of the volume quantification.
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QOL survey of elderly people living at home who present hip joint
disease or femoral proximal fracture.
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Cognitive deficits before injury in elderly patients with proximal
femoral fracture
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Effect of rehabilitation for a tool-use disturbance in patients with
infarction in the left inferior parietal lobule : case report
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