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Abstract

Background: Cerebral ventriculomegaly is an abnormal feature characteristic of myotonic dystrophy type 1 (DM1).
This retrospective study investigated the morphologic changes accompanied by ventriculomegaly in DM1 on brain
MRI.

Methods: One hundred and twelve adult patients with DM1 and 50 sex- and age-matched controls were assessed.
The imaging characteristics for evaluations included the z-Evans Index (ventriculomegaly), callosal angle (CA),
enlarged perivascular spaces in the centrum semiovale (CS-EPVS), temporo-polar white matter lesion (WML) on 3D
fluid-attenuated inversion recovery (FLAIR), disproportionately enlarged subarachnoid-space hydrocephalus (DESH),
and pathological brain atrophy. The “z-Evans Index” was defined as the maximum z-axial length of the frontal horns
to the maximum cranial z-axial length. To determine the imaging characteristics and genetic information (CTG repeat
numbers) that were associated with the z-Evans Index, we used binominal logistic regression analyses.

Results: The z-Evans Index was significantly larger in the patients than in the controls (0.30+0.05 vs. 0.24+0.02;

p <0.01). The z-Evans Index was independently associated with the callosal angle (p <0.01) and pathological brain
atrophy (p <0.01) but not with age, gender, CTG repeat numbers, or CS-EPVS. Of the 34 patients older than 49 years, 7
(20.6%) were considered to have DESH.

Conclusions: Our MRI study revealed a normal pressure hydrocephalus (NPH)-like appearance as a morphologic
finding accompanied by ventriculomegaly in DM1 that tends to occur in elderly patients.

Keywords: Myotonic dystrophy, ventriculomegaly, Evans Index, Normal pressure hydrocephalus, Disproportionately
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Background

Myotonic dystrophy type 1 (DM1) is the most com-

mon disease that can cause muscle weakness and atro-

phy among adults [1]. The genetic defect underlying

DM1 is multiple CTG repeats in the 3’ untranslated
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neurophysiological studies have demonstrated a variety
of abnormalities of the central nervous system (CNS) in
DM1 patients [3-5]. Magnetic resonance imaging (MRI)
has been widely used to evaluate DM1. Previous MRI
studies with DM1 demonstrated ventriculomegaly and
"unusual" white matter lesions (WMLs) in the anterior
or medial portions of the temporal lobes (temporo-polar
WMLs) [6]. Enlarged perivascular spaces (EPVS) on MRI
were also seen in the centrum semiovale (CS) and basal
ganglia in DM1 [7].

Normal pressure hydrocephalus (NPH) is a syndrome
of gait dysfunction and enlarged cerebral ventricles in
the absence of another cause. It is frequently accom-
panied by dementia and bladder detrusor overactivity
[8, 9]. The National Institutes of Health (NIH) (https://
www.ninds.nih.gov/) reports that, in patients with sus-
pected NPH, a variety of tests, including brain CT and/
or MRI, a spinal tap or lumbar catheter, intracranial pres-
sure monitoring, and neuropsychological tests are help-
ful to diagnose NPH and rule out other conditions. The
study of NPH on Neurologic Improvement (SINPHONI)
described important MRI features for the NPH diagnosis
[10] as high-convexity tightness and an enlarged Sylvian
fissure with ventriculomegaly, designated as "dispro-
portionately enlarged subarachnoid-space hydrocepha-
lus (DESH)." The Evans Index has also been the most
popular index of ventriculomegaly. Through our work,
we have noticed that the MRI features specified in NPH
(NPH-like appearance=DESH) are frequently seen in
DM1 patients.

Ventriculomegaly is a characteristic MRI finding in
DM1 [11]. However, to our knowledge, no previous

Table 1 Clinical and imaging characteristics of DM1 and controls
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studies have evaluated the morphologic MRI changes
accompanied by ventriculomegaly in DM1. Further-
more, no previous studies have mentioned “NPH-like
appearances” in DMI1 patients, although Wang et al.
demonstrated the coexistence of DM1 and NPH, as five
patients were available for case reviews [12]. The present
study therefore investigated the frequency of an NPH-
like appearance in DM1 patients. We also determined
whether or not an NPH-like appearance was associated
with the clinical characteristics and previously described
typical DM1 features on brain MRIL

Methods
Subjects
The study was conducted in accordance with the Hel-
sinki Declaration and Good Clinical Practice. The eth-
ics review committees of Aomori Hospital approved the
study (approval number: 1-18). The ethics review com-
mittees approved this retrospective study, and the need
to obtain informed consent from the patients was waived.
We routinely perform screening brain MRI studies to
assess DM1 patients. One radiologist (EN with 4 years of
neuroradiology experience) reviewed a clinical database
between April 2018 and May 2020 and selected adult
112 patients who had been diagnosed with DM1 based
on a clinical examination, electromyography, and under-
lying genetic defects (the analysis of the CTG repeat
on chromosome 19ql3 by standard techniques [13]).
All 112 patients had undergone brain MRI. No patients
were excluded based on the exclusion criteria, includ-
ing patients with a history of other neurological diseases
and/or unsatisfactory images due to artifacts (Table 1).

DM1 (n=112) Controls (n=50) p value
Clinical characteristics Age, mean (IQR) 443 457 0.49°
(36-53) (38-53)
Sex, female (%) 48 (43) 26 (52) 031°
DM1 related factors CTG repeat numbers, mean (IQR) 950 (600-1366) NA NA
Imaging characteristics z-Evans Index, mean (IQR) 0.29 0.24 <.01°
(0.27-0.32) (0.23-0.26)
Callosal angle, mean (IQR) 123 123 0.83%
(115-129) (112-127)
Sylvian fissure dilation, n (%) 61 (54) 24 <.01b
High-convexity tightness, n (%) 9(8) 0(0) 0.06°
CS-EPVS, n (%) 35(31) 9(18) 0.09°
Temporo-polar WMH, n (%) 82 (73) 0(0) <.01b
Pathological brain atrophy, n (%) 46 (41) 1) <.01°

DM1=myotonic dystrophy type 1, IQR interquartile range, NA not applicable, CS-EPVS enlarged perivascular spaces in centrum semiovale; temporo-polar, WML

temporo-polar white matter lesion
@ Mann-Whitney U test

b Fisher’s exact test


https://www.ninds.nih.gov/
https://www.ninds.nih.gov/

lida et al. BMC Neurosci (2021) 22:62

We selected 50 age- and sex-matched controls from
the same sample population who had no history of neu-
rological or psychiatric diseases and who had undergone
MRI. The indications for their examinations included
screening, headaches, or benign positional vertigo. By
reviewing the neuroradiologists (HS and SKa with 12 and
24 years of experience in neuroradiology, respectively),
the conventional MRI results were normal in all controls.

Image acquisition

All studies were performed using a 1.5-T scanner (Mag-
netom Symphony, Syngo Version VE11C; Siemens
Medical Systems, Erlangen, Germany) equipped with
gradients with maximal gradient strength, 40 mTm —1
and maximal slew rate, 200 mTm — 1/ms using a 20-chan-
nel head coil. All patients and controls underwent brain
MRI according to our standard protocol, including axial
T2-weighted imaging (T2WI), two-dimensional (2D)
coronal fluid-attenuated inversion recovery (FLAIR)
imaging, and three-dimensional (2D) sagittal FLAIR.
For 3D FLAIR (3D fast spoiled gradient-echo imag-
ing), we used three cross-section images (coronal, axial,
and sagittal) reconstructed from the images obtained on
the sagittal plane. The imaging parameters (repetition
time ms/echo time ms/inversion time/NEX/echo train
length/matrix/field of view/imaging time) were 4,000/85/
NA/2/9/226 x 384/23 ¢cm/2 min and 12 s for 2D T2WI
and 9,000/108/2,500/1/14/208 x 320/22 cm/3 min and
18 s for 2D FLAIR imaging, respectively. The 2D T2W1I
and 2D FLAIR images were acquired at a section thick-
ness of 5 mm, an intersection gap of 1.0 mm. For 3D
FLAIR, the following imaging parameters were used:
5,000/333/1800/1/235/248 x 256/24 cm/1.0 mm/2/5 m
in and 17 s (repetition time ms/echo time ms/inversion
time/ NEX/echo train length/matrix/field of view/section
thickness/ reduction factor/imaging time, respectively).

Image interpretation

Quantitative assessments

According to the previous method [14, 15], quantitative
MRI evaluations were performed by one radiologist (SI
with 5 years of experience in neuroradiology).

In the current study, on the coronal and sagittal FLAIR
images, the radiologist measured the z-Evans Index, an
alternative to the Evans Index. Yamada et al. found that,
by using quantitative volumetric analyses, the volume
expansion of the bilateral ventricles, especially at the
frontal horns, was toward the z-axial direction, rather
than the x-axial direction, in patients with NPH [14].
They therefore newly proposed the z-Evans Index, which
was a representative index for z-axial directional expan-
sion of the frontal horns of the bilateral ventricles. The
"z-Evans Index" was defined as the maximum z-axial

Page 3 of 10

length of the frontal horns to the maximum cranial
z-axial length (Fig. 1). The radiologist also used FLAIR
images to measure the callosal angle (Fig. 1), which is the
angle between the lateral ventricles on a coronal image
through the posterior commissure, perpendicular to the
anterior/posterior commissure plane [15].

Qualitative assessments

Two certified neuroradiologists (HS and SKa with 12 and
24 years of experience in neuroradiology, respectively)
who did not take part in the image processing indepen-
dently reviewed the MRI scans and categorized the find-
ings (Sylvian fissure dilation, high-convexity tightness,
CS-EPVS, temporo-polar WML, and brain atrophy) by
consensus.

The width of the Sylvian fissure was assessed on trans-
verse and coronal sections. We used the following visual
rating scale: 1, narrowed or normal; 2, mildly dilated
(abnormal dilation of Sylvian fissure); and 3, severely
dilated (abnormal dilation of Sylvian fissure with widely-
detachment of frontal and temporal opercula from the
insular cortex) on the coronal images [16] (Fig. 2). We
evaluated the high-convexity tightness on the four upper-
most contiguous transverse sections and three contigu-
ous coronal sections on and anterior to the posterior
commissure. The severity of the high-convexity tight-
ness was visually rated as follows: 1, dilated or normal; 2,
mildly tight (tightness was observed over less than three-
quarters of the high-convexity space); and 3, extremely
tight (tightness was observed over three-quarters or
more of the high-convexity space) (Fig. 3).

According to the previous reports [17], on T2W]I, the
radiologists assessed the presence of EPVS in the CS
(CS-EPVS: identified along the perforating medullary
arteries as they penetrated the cortical gray matter over
the high convexities and extended into the white matter).
The CS-EPVS were coded with the following scale (which
was applied to standard axial images): 0=no EPVS, 1=1
to 10 EPVS, 2=11 to 20 EPVS, 3=21 to 40 EPVS, and
4=>40 EPVS). The radiologists also evaluated the 3D
FLAIR images for the presence or absence of temporo-
polar WMLs. Brain atrophy was defined as enlarge-
ment of the gyri and rated on a subjective scale of 0 to 3
(0 =absent, 1 =mild, 2=moderate, 3 =severe)[18].

Statistical analyses
For the analyses, the age, CTG repeat numbers, z-Evans
Index, and callosal angle were treated as continuous vari-
ables, while the sex, high convexity tightness, Sylvian fis-
sure dilation, CS-EPVS, and temporo-polar WMLs were
treated as categorical variables.

A z-Evans Index of >0.3 was arbitrarily defined as ven-
triculomegaly. For the subjective scale of high-convexity
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Callosal angle

Fig.1 A z-EvansIndex and Callosal angle. A The figures are the MPR reconstructions of 3D FLAIR images. The z-Evans Index is defined as the
maximum length (yellow lines) from the foramen of Monro to the superior margin of the frontal horns (dashed lines) on coronal FLAIR images / the
maximum cranial z-axial length (red lines) on sagittal FLAIR images. The blue line indicates the anterior and posterior commissure (AC- PC) line. B

Bl AC- PC line

tightness and Sylvian fissure dilation, the “2 or 3” were
defined as pathologic findings. Thus, high-convexity
tightness (2 or 3) combined with Sylvian fissure dilation
(2 or 3) accompanied by ventriculomegaly was defined
as DESH (Fig. 3: Representative case 2). We defined high
CS-EPVS (3 or 4) as the presence of>20 EPVS, in line
with the most severe category of EPVS used in previous
studies [17, 19]. For the subjective scale of brain atrophy,
“2 or 3” was defined as pathological brain atrophy.

We compared the clinical and imaging characteristics
between patients and controls using Fisher’s exact test for

categorical variables and the Mann—Whitney U test for
continuous variables, as appropriate.

To determine the imaging characteristics (callosal
angle, Sylvian fissure dilation, high-convexity tightness,
CS-EPVS, temporo-polar WML, or pathological brain
atrophy), genetic information (CTG repeat numbers),
and the patient age and gender that were associated
with the z-Evans Index (ventriculomegaly), we con-
ducted the binominal logistic regression analyses. The
analyses were performed by excluding the finding of
“Sylvian fissure dilation”, “high-convexity tightness’, and
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Fig. 2 Classification for Sylvian fissure dilation. Visual rating scales for Sylvian fissure dilation coronal FLAIR images: 1, narrowed or normal; 2, mildly
dilated (@bnormal dilation of Sylvian fissure); and 3, severely dilated (@bnormal dilation of Sylvian fissure with widely-detachment of frontal and

disproportionately enlarged subarachnoid space hydrocephalus (DESH)

Fig. 3 Classification for Sylvian fissure dilatation and high convexity tightness. Representative case 1 is rated as “normal”for absence of
the high-convexity tightness and “severely dilated” for the Sylvian fissure dilation. Representative case 2 is rated as “extremely tight”for
the high-convexity tightness and “severely dilated” for the Sylvian fissure dilation. Therefore, Representative case 2 shows the findings of

“temporo-polar WML’ and because these findings are
obvious confounding factors.

We arbitrarily divided the DM1 patients into three
age groups: < 39, 40-49, and > 50 years old (Age-group
A, B, and C, respectively) by considering our sample
size and distribution. Because the continuous vari-
ables in this study showed non-normal distribution,
we compared the clinical and imaging characteristics
among the three age groups using the Steel-Dwass
test for continuous variables and Ryan’s procedure for
categorical variables. All analyses, P values <0.05 were
considered indicate statistical significance. All of the
statistical analyses were performed using the R soft-
ware program [20].

Results

Table 1 summarizes the clinical and radiological charac-
teristics of the DM1 patients and controls. The z-Evans
Index was significantly larger in the patients than in the
controls (0.304+0.05 vs. 0.24+£0.02; p<0.01). The Syl-
vian fissure dilation (54 vs. 4%; p<0.01), temporo-polar
WML (73 vs. 0%; p<0.01), and pathological brain atro-
phy (41 vs. 2%; p <0.01) were more commonly seen in the
patients than in the controls.

Table 2 lists the results of the logistic regression analy-
ses for the z-Evans Index. The z-Evans Index was inde-
pendently associated with the callosal angle (p<0.01) and
pathological brain atrophy (p<0.01) but not with age,
gender, CTG repeat numbers, or CS-EPVS.
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AOR (95% Cl) p value
Clinical characteristics Age 1.030 (0.98-1.08) 0.21
Gender Male 1.00 0.80

Female 0.886 (0.35-2.27)
DM1 related factors CTG repeat numbers 1.000 (1.00-1.00) 0.55
Imaging characteristics Callosal angle 0.944 (0.91-0.98) <0.01
CS-EPVS (+) 1.00 0.08

(=) 0.442 (0.15-1.28)
Pathological brain atrophy (+) 1.00 <0.01

(

4.610(1.71-124)

AOR adjusted odds ratio, C/ confidence interval, DM1 myotonic dystrophy type 1, CS-EPVS enlarged perivascular spaces in centrum semiovale

Figure 4 shows the proportion of imaging features
for each age group of DM1 patients. As shown in Age-
group C in Fig. 4, ventriculomegaly was observed in 21
(61.8%) of 34 patients. Most (n=18) of the 21 patients
with ventriculomegaly in Age-group C showed Sylvian
fissure dilation, whereas only 5 of the 11 patients with

ventriculomegaly in Age-group A showed it. In Age-
group C, high-convexity tightness was found in 7 patients
(20.6%), all of whom had ventriculomegaly as well as Syl-
vian fissure dilation and were thus diagnosed with DESH.
No and two patients were diagnosed with DESH in Age-

group A and B, respectively.

Age-group A (n=36)

normal
16 (44.4%)

ventriculomegaly
total 11 (30.6%)

6 (16.7%)

0

total 0

9 (25.0%)

total 14 (38.99

Sylvian dilatation high convexity tightness

Age-group B (n=42)

normal
12 (28.6%)

ventriculomegaly
total 17 (40.5%)
6 (14.3%)

2
(4.8%)

0
total 2 (4.8%)

13 (31.0%)
total 24 (57.1%)

Sylvian dilatation high convexity tightness

Age-group C (n=34)

normal
8 (23.5%)

ventriculomegaly
total 21 (61.8%)

3 (8.8%)

7
(20.6%)

0
total 7 (20.6%)

5(14.7%)
total 23 (67.6%)

Sylvian dilatation high convexity tightness

Fig. 4 The proportion of imaging features for each age group of DM1 patients. Age-group A: < 39 years old. Age-group B: 40-49 years old.
Age-group C:> 50 years old. A z-Evans Index of > 0.3 was defined as ventriculomegaly. For the subjective scale of high-convexity tightness and
Sylvian fissure dilation, “2 or 3" was considered a pathologic finding. Thus, high-convexity tightness (2 or 3) combined with Sylvian fissure dilation (2
or 3) accompanied by ventriculomegaly was defined as disproportionately enlarged subarachnoid space hydrocephalus (DESH)
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Table 3 summarizes the clinical and imaging charac-
teristics for the age group comparisons in DM1 patients.
The z-Evans Index was significantly higher in Age-group
C than in Age-group A (p<0.01) or B (p<0.05). The pres-
ence of the DESH was more commonly seen in Age-
group C than in Age-group A (p<0.01). With regard to
the other imaging characteristics (callosal angle, CS-
EPVS, temporo-polar WMLs, and pathological brain
atrophy), there were no statistically significant differences
among the three age groups.

Discussion

In the present study, we evaluated DM1 patients using
the newly proposed z-Evans Index. Although the original
Evans Index has been adopted as a criterion for discrimi-
nating the tap-test response [21], the z-Evans Index has
been shown to have a higher diagnostic accuracy [14].
We found that the z-Evans Index of DM1 was signifi-
cantly higher than that of control patients. Furthermore,
in our study, the DESH was observed in 20.6% of elderly
patients with DM1. These results were consistent with
those of previous studies showing that cerebral ventricu-
lomegaly was common in DM1 patients and appeared to
be progressive [11].

It is important to note that an increased z-Evans Index
(ventriculomegaly) was independently associated with
the callosal angle. The callosal angle is a specific quantita-
tive imaging biomarker in the diagnosis of NPH, allowing
improved differentiation from other neurodegenerative

Table 3 Findings according to the age of DM1 patients
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disorders with ventriculomegaly, prediction of surgi-
cal shunt responsiveness, and sensitivity to ventricular
changes following surgical shunt [22-27]. Another study
showed a significantly decreased mean callosal angle in
patients with NPH (109+9) compared with patients
with Alzheimer’s disease (AD) (135.4+11.3) or demen-
tia with Lewy bodies (DLB)(136.9+8.2) [28]. The mean
callosal angle (113+26.4°) in our elderly patients (Age-
group C) (Table 3), which might be close to that in NPH,
was smaller than that reported in AD and DLB cases
[28]. These results suggest that the morphologic changes
accompanied by ventriculomegaly in DM1 patients are
similar to those in patients with NPH. Furthermore,
we found that DESH was observed in 20.6% of elderly
patients with DM1 in our study. Previously, five cases
with NPH in association with DM1 have been reported
[12]. Three of those five patients received shunt surgery,
and their condition markedly improved. These cases may
support our results, as all of the cases were more than
50 years old, suggesting that DM1 patients may develop
an NPH pathology later in life. Although cognitive defi-
cits were found in a high percentage of DM1 patients
at a late stage [6, 29, 30], the exact mechanism remains
unclear. Therefore, further prospective studies with a
larger number of DM1 patients are needed to determine
whether or not an NPH-like appearance is associated
with neuropsychological deficits.

The etiology and pathophysiology of the NPH-
like appearance in DM1 are uncertain. One possible

Age-group A  Age-group B Age-group C Age- Age- Age-
<39yearsold 40-49 yearsold > 50 years old groupA groupA groupB
(n=36) (n=42) (n=34) vs B vs C vs C
Clinical characteristics ~ Age, mean (IQR) 335 45 55.5(53-61) NA NA NA
(29.5-36) (42-47)
Sex, female (%) 16 (44) 15 (36) 17 (50) NS NS NS
DM related factors CTG repeat numbers, 1100 950 833 NS NS NS
mean (IQR) (600-1450) (700-1200) (550-1200)
Imaging characteristics  z-Evans Index, mean 0.282 0.291 0313 NS * **
(IQR) (0.250-0.303) (0.278-0.313) (0.283-0.374)
Callosal angle, mean 123 123 125 NS NS NS
(IQR) (119-129) (112-129) (103-129)
DESH, n (%) 0(0) 2(5) 721) NS * NS
CS-EPVS, n (%) 17 (47) 10 (24) 8(24) NS NS NS
Temporo-polar WML, 25 (69) 30(71) 27 (79) NS NS NS
n (%)
Pathological brain 13 (36) 21 (50) 12 (35) NS NS NS

atrophy, n (%)

DM1 myotonic dystrophy type 1, IQR interquartile range, NA not applicable, NS not significant, DESH disproportionately enlarged subarachnoid space hydrocephalus,
CS-EPVS enlarged perivascular spaces in centrum semiovale, temporo-polar WML temporo-polar white matter lesion

*Significantly different (p <0.01)
**Significantly different (p <0.05)
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mechanism suspected by previous investigators involves
widespread cell membrane defects caused by genetic
abnormalities in DM1 [12, 31], leading to arachnoid
granulations [32]. Another possible mechanism may be
glymphatic system dysfunction in DM1. The glymphatic
system hypothesized as a waste clearance pathway that
removes metabolic wastes and neurotoxins from the
brain along perivascular channels [33]. Recently, a MRI
study disclosed that NPH patients have reduced glym-
phatic function along with enhanced accumulation and
decreased clearance of an intrathecally administered
contrast agent, gadobutrol [34]. The gadobutrol propa-
gated at the brain surface along large leptomeningeal
arteries. The cerebral metabolism was reduced in NPH
[35]. More recent study showed that perivascular aqua-
porin-4 (AQP4) expression is attenuated in NPH, poten-
tially contributing to impaired glymphatic circulation,
and waste clearance, and subsequent neurodegeneration
[36]. The anatomical pathways for the glymphatic sys-
tem are the perivascular spaces. While the perivascular
spaces terminate within the brain parenchyma, paravas-
cular cerebrospinal fluid (CSF) can continue traveling
along the basement membranes surrounding arterial
vascular smooth muscle [37]. In a previous neuropatho-
logical study, DM1 brain showed EPVS in the basal fore-
brain and deep white matter along with a loss of smooth
muscles in small to medium-sized arteries [38]. A previ-
ous MRI study also showed that EPVS were significantly
more frequent in DM1 patients (67%) than in controls
(27%) [7]. Based on these previous findings, we suspect
that the EPVS and NPH-like appearance in DM1 might
reflect a pathology of glymphatic system dysfunction. On
the other hand, we also found that z-Evans index was not
associated with EPVS. Although the reason is unclear,
brain compression due to ventriculomegaly might cause
the obscuration of perivascular spaces. Furthermore, in
previous studies, the EPVS increased in number with
advancing age [39], patients with cerebral small vessel
disease [40], patients with brain atrophy [41], or patients
with hypertensive arteriopathy [39]. These results may
suggest that EPVS might be caused by not only glym-
phatic system dysfunction but also various conditions.
For diagnosis of NPH, the clinical evaluation still often
relies on the clinical presentation and morphologic find-
ings on neuroimaging only, without assessment of the
intracranial pressure, nor the actual CSF manometric
profile. Therefore, the exact pathophysiological mecha-
nism of NPH remains unclear. In previous review article,
Bret et al. proposed a more relevant nosographic desig-
nation for the NPH syndrome by renaming it "chronic
hydrocephalus” without reference to age and CSF pres-
sure [42]. They also suggested that the "chronic hydro-
cephalus” is an active process that should be replaced
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in the sequence of events that result from failure of the
circulatory resorptive mechanisms of the CSF, and it may
be regarded as an intermediate state of balance between
uncompensated hypertensive hydrocephalus and asymp-
tomatic hydrocephalus. More recently, Taoka et al. pro-
posed “CNS Interstitial Fluidopathy” as a new concept
encompassing diseases whose pathologies are majorly
associated with abnormal interstitial fluid dynamics [43].
In the “CNS interstitial fluidopathy’, various diseases or
disorders, such as sleep disorders, Alzheimer’s disease,
Parkinson’s disease, small vessel diseases of CNS, glau-
coma, and NPH, were included. Moreover, according to
its etiology, various conditions, mechanical force, abnor-
mal blood-brain barrier, neuro-inflammation, abnor-
mal distribution of hemorrhagic products, or abnormal
vessel wall were categorized. Therefore, the DM1 with
abnormal vessel wall in the brain parenchyma, a loss of
smooth muscles in arteries [38], may also be included in
the “CNS interstitial fluidopathy”.

Costanzo et al. showed a significant negative correla-
tion between the degree of EPVS and disease duration
and suggested that EPVS might progressively disappear
during the disease course [7]. Our results regarding the
patient age also showed that the presence of CS-EPVS
was more common in Age-group A than in Age-group
B and C, although there were no significant differences.
Furthermore, regarding the frequency of temporo-polar
WMLs, we found no significant differences among the
age groups. These results suggest that CS-EPVS and/
or temporo-polar WMLs may be findings at the early
stage of DM1. Most of the elderly patients (Age-group
C) with ventriculomegaly showed Sylvian fissure dila-
tion, whereas only half of the younger patients showed
this finding (Age-group A). In addition, we found that
all patients with high-convexity tightness had ventricu-
lomegaly as well as Sylvian fissure dilation. These results
suggest that ventriculomegaly might precede the devel-
opment of Sylvian fissure dilation and high-convexity
tightness in DM1.

In DM, the classic disease range of CTG repeat num-
bers is 50-4000, with repeat sizes of 50—80 associated
with mild clinical phenotypes, while large repeat expan-
sions of up to 4000 are often found in severe, mostly
congenital forms of the disorder [44]. Brain abnormali-
ties, including issues with cognitive function and muscle
weakness, have been linked to the CTG repeat num-
bers, cognitive function, and muscle weakness [44—46].
However, the present study showed no correlation
between the z-Evans Index and the CTG repeat numbers.
Although the reason for this finding remains unclear, one
possible reason is the small sample size of elderly patients
with large repeat expansions because of their poor prog-
nosis. Furthermore, our negative result may be supported
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by the findings of previous studies; for example, Min-
nerop et al. noted no correlations between neuropsycho-
logical test results and CTG repeat numbers [44]. With
regard to neuroimaging assessments, temporo-polar
WMLs have shown no correlation with CTG repeat
numbers [7].

This study was limited by its retrospective design. Thus,
neuropsychological tests were not performed in many
cases, as neuropsychological deficits in cases of myotonic
dystrophy can escape commonly applied neuropsycho-
logical test batteries for as-yet-unclear reasons. Moreo-
ver, no patients undergo lumbar puncture and were
clinically diagnosed as having NPH. Second, our study
included many qualitative analyses with subjective crite-
ria. We arbitrarily defined ventriculomegaly as a z-Evans
index of>0.3 because an NPH-like appearance in DM1
patients is a relatively new finding.

Conclusions

Our MRI study revealed an NPH-like appearance as a
morphologic finding accompanied by ventriculomegaly
in DM1 that tends to occur in elderly patients. Further-
more, because cognitive deficits are found in a high per-
centage of DM1 patients at the late stage, correlation
analyses between neuropsychological deficits and the
NPH-like appearances might be an interesting topic for a
further study involving more patients.
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