Magn Reson Med Sci 2019; 18; 163-169
doi:10.2463/mrms.mp.2018-0053

MAJOR PAPER

Published Online: November 5, 2018

Age Dependence of Gadolinium Leakage from
the Cortical Veins into the Cerebrospinal Fluid Assessed
with Whole Brain 3D-real Inversion Recovery MR Imaging

Shinji Naganawa’, Toshiki Nakane, Hisashi Kawai, and Toshiaki Taoka

Purpose: It has been reported that intravenously administered gadolinium-based contrast agents
(IV-GBCAs) leak into the cerebrospinal fluid (CSF) even in healthy subjects. The purpose of this study was
to evaluate GBCA leakage from the cortical veins in patients with delayed imaging after IV-GBCA.

Materials and Methods: There are two parts of retrospective study. In the first part, we reviewed six patients
with suspected endolymphatic hydrops (EH) who received a single dose of IV-GBCA (37-58 years old). The
3D-real inversion recovery images were obtained prior to the contrast administration as well as 5 min and
4 h after IV-GBCA. Leakage from the cortical veins to the CSF was graded as positive if enhancement
around the cortical veins at 5 min was observed and had further spread into the CSF at 4 h after IV-GBCA.
In the second part of this study, we reviewed 21 patients with suspected EH (17-69 years old). Images were
obtained only at 4 h after IV-GBCA. The number of slices (NOS) with a positive GBCA leakage from the
cortical veins was counted. The correlation of the NOS with age, gender, and degree of EH was evaluated by
Spearman’s rank correlation coefficient.

Results: In the first part of the study, the GBCA leakage from the cortical veins was positive in all patients.
In the second part of the study, the GBCA leakage from the cortical veins was seen in all older patients
(above 37 years old), but not in the five younger patients (younger than 37 years old). The NOS correlated
significantly only with age (r = 0.755, P < 0.01), but not with gender or degree of EH.

Conclusion: IV-GBCA leaks from the cortical veins into the surrounding CSE. The leakiness of the cortical

veins significantly correlated with age, but not with gender or degree of EH.

Keywords: cortical vein, gadolinium, glymphatic system, magnetic resonance imaging

Introduction

We have previously reported that intravenously administered
gadolinium-based contrast agents (IV-GBCAs) leak into the
cerebrospinal fluid (CSF) and perivascular space (PVS) even
in healthy subjects without blood-brain barrier (BBB)
disruption.!> GBCAs in the CSF can enter brain parenchyma,
probably through the PVS in humans®= as well as animals.®
This “glymphatic” route is speculated to be the path by which
GBCA enters the brain, and ultimately accumulates.®® The
leakage points for GBCAs into the CSF have been suggested
to include the peripheral part of the cranial nerves, the
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circumventricular organs (CVOs) and the spinal gan-
glions.!?? In our clinical practice, we routinely obtain heavily
T,-weighted 3D-fluid-attenuated inversion recovery (FLAIR)
images for the evaluation of endolymphatic hydrops (EH) of
the inner ear at 4 h after a single dose of IV-GBCA.'"!5 Sub-
sequently, we noticed that the signal intensity of the CSF
around some of the cortical veins, such as the vein of Labbe,
sometimes increased selectively. In a previous study, the
axial imaging slab with multiple averaging for the evaluation
of EH was centered on the inner ear and only covered the
inferior half of the brain including the vein of Labbe. An
improved hybrid of reversed image of positive endolymph
signal and native image of positive perilymph signal
(i-HYDROPS) technique utilizing a longer repetition time
has a higher sensitivity to low concentrations of GBCA in
fluid."! Three-dimensional real inversion recovery (3D-real
IR) imaging using a longer repetition time similar to the
i-HYDROPS!! technique was reported to be useful for the
evaluation of EH by avoiding the risk of paradoxical signal
decrease by GBCAs and artifacts from misregistered
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subtraction images.!®'® Whole brain 3D-real IR imaging

[}
with a single excitation can obtain a similar signal-to-noise g T |lo
ratio to that obtained by a limited slab 3D-real IR image with = g -
multiple excitations. Therefore, we now routinely obtain oA
whole brain 3D-real IR images for the evaluation of EH. - o
The purpose of this study was to retrospectively evaluate ° 5
the leak of IV-GBCA from the cortical veins into the CSF £ s |-
space by reviewing whole brain 3D-real IR images in sub- § S
jects that received a 3D-real IR scan for the evaluation of EH. Zz o
We also evaluated the effect of age and gender, as well as the 9 3
degree of EH on the leakiness of the cortical veins. ER N
273
N
Materials and Methods °
[e)]
This retrospective study consisted of two parts. In the first part, 8 B X
the leakage of IV-GBCA from the cortical veins into the CSF = E B
space to be confirmed, we reviewed scans from patients who -
received pre- and post-contrast enhanced 3D-real IR imaging. cctlo
The detailed scan parameters are shown in Table 1. The scan é g %o 4
time was 10 min. The images were obtained using a 3T MR -
scanner (Skyra; Siemens, Erlangen, Germany) at pre- and s 3
immediately after (5 min) and 4 h after IV-GBCA in six g _E E
patients with a suspicion of EH (37-58 years old, median 55, 25
three men). Subtracted images of 5 min minus pre-contrast and -
4 h minus pre-contrast were generated on the scanner. For T oElC
image evaluation, a positive enhancement was considered as = 5 £ o
(=]

fulfilling the two conditions below in multiple locations.

3D-real IR, 3D inversion recovery with phase sensitive reconstruction (real reconstruction); GRAPPA, (generalized autocalibrating partial parallel acquisition)x3 for real IR; SPACE,

This sequence utilizes a frequency selective fat suppression pre-pulse, non-slab selective excitation pulse, and non-slab selective inverison pulse. 3D slab is set in an axial orientation.

B = Z

1. Linear enhancement along the cortical vein in the 5 § E o %
subtracted images acquired at 5 min post [V-GBCA. g 3 5_ = g

2. A further spread of the linear enhancement along FE=le ©
the cortical vein into the CSF space around the o = %3

veins in the subtracted images acquired at 4 h post o0 /g} Z £
IV-GBCA. 8|57 £

23 |3 g

In the second part of the study, we reviewed 21 patients = o ES
with suspected EH who received IV-GBCA (1769 years old, c % 2
median 49, six men). The images were acquired on the same g £ |g f
3T MR scanner and using identical scan parameters as the g GE) N g
first part of this study. In this second part, the images were == g
obtained only at 4 h after [V-GBCA. More recently, we have — -
not acquired the scans at pre- and immediately after I'V- = é % I
GBCA, because we have confirmed that images at 4 h are %
sufficient to evaluate the presence of EH. In this part of the o - 5 i
study, six axial slices at 20 mm interval were selected out of £ £ 2 %
the 256 slices. The six slices were selected every 20 mm from % B ) (_“;’_
the vertex. The images were evaluated on a PACS viewer I o
(RapideyeCore, Cannon Medical Systems, Tokyo, Japan). 8 c S
The display condition was set as constant with a window § g § £ % 2 i
width of 80 and a window level of 10. Two experienced neu- g Fo|53E2 2
roradiologists (S.N. and T.T.) independently counted the Y - £
number of slices (NOS) with positive GBCA leakage from 2 § o 155
the cortical veins into the surrounding CSF. The kappa sta- < Sy | ?EL
tistic was calculated to evaluate the inter-observer variability. E §‘ § é E

Consensus was obtained after discussion between the two
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observers for any discrepancies. Correlations of the NOS
with age, gender, and the degree of EH in the cochlea and the
vestibule was evaluated by Spearman’s rank correlation coef-
ficient. For the EH grading, the previously proposed score
(0: none, 1: mild, 2: severe) was used.'” The EH grading had
been performed previously by an experienced neuroradiolo-
gist (S.N.) and was obtained from the diagnostic report.
If there were no slices with a positive enhancement for a
patient, all slices were carefully reviewed to confirm that
there were no leakage points on the non-selected slices. The
number of patients with a positive enhancement out of
21 patients at each slice level was compared among the slices
by a one factor ANOVA with Bonferroni correction.

All patients in both parts of this study had an estimated
glomerular filtration rate (eGFR) of more than 60 ml/min/
1.73 m?. All patients received only a single dose (0.1 mmol/kg)
of IV administered gadobutrol (Gadovist; Bayer Pharmaceu-
ticals, Osaka, Japan). The ethical committee of our institution
approved this retrospective study with a waiver of consent
from the patients. We used 5% as a threshold to determine
statistical significance. The software R (version 3.3.2, R
Foundation for Statistical Computing, Vienna, Austria, https://
www.R-project.org/) was used for the statistical analyses.

Results

In the first part of this study, the GBCA leakage from the
cortical veins into the surrounding CSF was positive in all
patients. (Fig. 1) The linear enhancement along the cortical
veins was apparent in the images obtained at 5 min after

Sub (5min-pre)

4

Gd Leakage from Cortical Veins

IV-GBCA and the enhancement spread into the CSF space in
multiple sites.

In the second part of this study, there was only one slice
with a discrepancy between the two observers out of 126
(6 x 21) slices (k-value = 0.984). The GBCA leakage from
the cortical veins into the surrounding CSF was seen in all
older patients (37 years and above), but not in the five
younger patients (under 37 years: 16, 17,23, 29, and 36 years
old) (Figs. 2 and 3). In these younger patients, all 256 slices
were reviewed to confirm the absence of the GBCA leakage
from the cortical veins and there was no slice with positive
GBCA leakage in all five young patients.

The NOS significantly correlated only with age (»=0.755,
P < 0.01) (Fig. 4). Neither the significant correlation was
observed between the NOS and gender, nor between the
NOS and the degree of EH. The number of patients with a
positive signal enhancement out of 21 patients at each slice
level was significantly higher at the most vertical slice com-
pared to the third slice from the vertex and the most basal
slice (P < 0.05). There was also a significant difference
between the second slice from the vertex and most basal slice
(P <0.05) (Table 2).

Discussion

Recently, it has been reported that IV-GBCA leaks to the
CSF in humans and animals without BBB disruption even in
cases with normal renal function.!210:.142021 Muyltiple leak
points such as the anterior eye segment, the peripheral part of
the various cranial nerves, and the circumventricular organs

Fig. 1 A 57-year-old woman with a suspicion of endolymphatic hydrops. Three dimensional real inversion recovery (3D-real IR)
images obtained at pre- (a), 5 min after (b) and 4 h after intravenous administration of single dose gadolinium-based contrast agent
(IV-SD-GBCA) (c). (d) Subtracted image (b—a). (e) Subtracted image (c-a). At 5 min after IV-SD-GBCA, the peri-venous enhancement
appears along the cortical veins (arrows in b-d). The areas of enhancement spread into the surrounding cerebrospinal fluid (CSF)

space (arrows in ¢ and e).
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have been suggested.*!42! The results of this present study
add the cortical veins to this list of potential leaky points. It
is important to know how GBCA in the CSF enters the brain
parenchyma to better understand the mechanism for gado-

linium deposition in the brain.>-822
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Fig. 2 A 49-year-old woman with a
suspicion of endolymphatic hydrops.
In the second part of this study, six
out of 256 axial slices obtained at
4 h after intravenous administration
of single dose gadolinium based
contrast agent (IV-SD-GBCA) were
selected at 20 mm increments from
the vertex to the skull base for the
image evaluation. The cerebrospinal
fluid (CSF) around the cortical veins
has a high signal intensity on Three
dimensional real inversion recovery
(3D-real IR)images (arrows).

Fig. 3 A 17-year-old woman with a
suspicion of endolymphatic hydrops.
These images were obtained at 4 h
after intravenous administration of
single dose gadolinium based contrast
agent (IV-SD-GBCA). Enhancement in
the cerebrospinal fluid (CSF) around
the cortical veins was not observed in
this young patient.

The glymphatic system has been proposed recently as
the waste clearance mechanism in the brain, which lacks a
lymphatic system.®7232% In this proposed concept, the CSF
enters the brain parenchyma through the peri-arterial space
through aquaporin-4 channels in the end-feet of astrocytes.
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Subsequently, the CSF disperses into the interstitial spaces of
the brain through the peri-venous spaces before circulating
back into the CSF space, thereby clearing wastes such as
aggregated proteins from the brain. Recently, there have
been hot debates regarding this glymphatic concept. One
study proposed a modification of the glymphatic concept.?
From the results of their animal experiments using intrath-
ecal administration of superparamagnetic iron oxide, they
speculated that some part of the waste in the peri-venous
efflux route of glymphatic system might be absorbed through
the venous wall into the venous lumen. This new concept
postulates some permeability of the venous wall, which is
also supported by the results of the present study. Also, it has
been reported that the wall of leptomeningeal venule allows
the transfer of antigen presenting cells.?® During the process
of cell transfer, the wall of leptomeningeal venule might
permit the passage of some molecules such as GBCA simul-
taneously. However, it is still unknown if the larger venous

number.of positive. shce

20 30 40 50 60 70

r=0.755, p<0.01

oo

Fig. 4 Scatter plots of the correlations between the number of
positive slices and age. There is a significant positive correlation
between the number of slices with a positive enhancement and
age. The Spearman’s rank correlation coefficient was 0.755
(P < 0.01). Note that the gadolinium based contrast agent (GBCA)
leakage from the cortical veins into the surrounding cerebrospi-
nal fluid (CSF) was positive in all elderly patients (37 years and
above), but negative in all five younger patients (under 37 years).
IV-SD-GBCA, intravenous administration of single dose gadolinium
based contrast agent; CSF, cerebrospinal fluid.

Gd Leakage from Cortical Veins

wall permits to pass the antigen presenting cells. Anatomi-
cally, it is reported that the pial sheath surrounding the venous
wall is sparse, especially in the perivascular space.?’ It is
unknown whether the pial sheath surrounds the venous wall
completely in the subarachnoid space, especially in aged
subjects. Recently, it has been reported that the pial sheath in
the subarachnoid space has pores or stomata, which allows
the passage of antibodies.?® Considering these anatomical
features, it is likely that GBCA molecules permeate from the
cortical veins to the subarachnoid space.

In the present study, the leakiness of the cortical vein
correlated significantly with aging. It has been reported that
the focal peri-cortical enhancement on 3D-FLAIR MRI
obtained at 16 min after IV-SD-GBCA was observed with
normal aging and did not correlate with cognitive function.?
Although the images did not show directly that the leakage of
GBCA comes from the cortical venous wall, they speculated
that the peri-cortical CSF signal enhancement likely resulted
from leakage of GBCA through the cortical or leptomenin-
geal vessels and, as such, represents a marker for focal loss
of BBB integrity.?’ They also speculated that the peri-cortical
enhancement was likely not specific for a particular disease
and also occurs in the context of normal aging.?® Using reg-
ular contrast 3D-FLAIR imaging and a shorter waiting time
of 16 min, their positive ratio of peri-cortical enhancement
was only 28% even in a cohort at the age of 55 years and
older. In the present study, we confirmed that the leak
occurred in the region of the cortical veins by serially
obtained images, and the increased signal intensity indicating
a leak occurred in 100% of subjects that were 37 years or
older. This increased signal intensity might be because of a
longer interval after IV-GBCA and the higher sensitivity of
the pulse sequence to low concentrations of GBCA in the
CSF. Taken together, these studies suggest that chronic
hypoxic and/or inflammatory processes in the cortex and lep-
tomeninges during the aging process may underlie this neu-
roimaging phenomenon. However, further study is warranted
to elucidate the clinical significance of the cortical venous
leakiness in the various diseases using our sensitive method.
To our knowledge, there is no histological study to show the
apparent change of venous wall before and after the age
around 37 years.

Recently, it has been reported that the signal enhance-
ment of the perivascular space in the basal ganglia was nega-
tively correlated to the volume of the cochlear in EH.!* In the
present study, the leakiness of the cortical veins did not show
a significant correlation with the degree of EH. It would be

Table 2 Number of patients with positive enhancement at each slice location

Slice location (vertical > basal) Slice 1 Slice 2 Slice 3 Slice 4 Slice 5 Slice 6
Number of patients with positive 16%, ** 13%8x 6* 9 9 ¥k, R
enhancement out of 21
Ratio of positive patients 0.76 0.62 0.29 0.43 0.43 0.10
¥, xx 0k Significant difference.
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interesting to investigate the potential relationship between
the leakiness of the cortical veins and disease processes
other than EH. The new finding indicated in this present
study might provide insight into the research in neuroim-
aging. Further study is warranted to elucidate the difference
of GBCA leakage to CSF by aging and meningitis.

There are some limitations in this study. First, we did
not include healthy volunteers. All subjects had a suspi-
cion of EH. Although the degree of EH did not signifi-
cantly correlate with the leakiness of the cortical veins, it
is necessary to include healthy volunteers to completely
rule out the effect of EH on the leakiness of the cortical
veins. Second, the number of subjects is small. In par-
ticular, additional younger subjects should be included in
the future study. Third, the lack of histopathological anal-
ysis of the leaky cortical veins prevents us from deter-
mining if the leakiness is from the venous wall itself or the
surrounding vasa vasorum.

Conclusion

Intravenously administered GBCA from the cortical veins
into the surrounding CSF. The leakiness of the cortical veins
correlates significantly with age, but not with gender or
degree of EH.
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