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Gd-based Contrast Enhancement of the Perivascular
Spaces in the Basal Ganglia

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

Purpose: In textbooks, the perivascular space (PVS) is described as non-enhancing after the intravenous
administration of gadolinium-based contrast agent (IV-GBCA). We noticed that the PVS sometimes has
high signal intensity (SI) on heavily T,-weighted 3D-FLAIR (hT,-FL) images obtained 4 h after IV-GBCA.
The purpose of this study was to retrospectively evaluate the contrast enhancement of the PVS.

Materials and Methods: In 8 healthy subjects and 19 patients with suspected endolymphatic hydrops, mag-
netic resonance cisternography (MRC) and hT,-FL images were obtained before and 4 h after a single dose of
IV-GBCA. No subjects had renal insufficiency. On axial MRC at the level of the anterior commissure (AC)-pos-
terior commissure (PC) line, 1 cm circular regions of interest (ROIs) were drawn centering on the PVS in the
bilateral basal ganglia and thalami. Three-millimeter diameter ROIs were set in the cerebrospinal fluid (CSF) of
the bilateral ambient cistern. The ROIs on MRC were copied onto the hT,-FL images and the SI was measured.
The SI ratio (SIR) was defined as SIR = SI of PVS/SI of the thalami, and SIR - = SI of CSF/SI of the thalami.
The average of the bilateral values was used for the calculation. The SIR ., SIRpy, and SI of the thalami were
compared between before and 4 h after IV-GBCA.

Results: The SIR was increased significantly from 1.02 + 0.37 to 2.65 + 0.82 in the CSF (P < 0.01) and from 1.20
+0.35t02.13 £ 1.23 in the PVS at 4 h after IV-GBCA (P < 0.01). The SI of the thalami showed no significant
difference.

Conclusion: The enhancement of the PVS at 4 h after IV-GBCA was confirmed even in subjects without
renal insufficiency. It is possible that the GBCA in the blood vessels might have permeated into the cerebro-
spinal fluid (CSF) space and the PVS. This might be a first step in the imaging evaluation of the glymphatic

system (waste clearance system) of the brain.
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Introduction

In textbooks, the perivascular space (PVS) is described as
non-enhancing after the intravenous administration of gado-
linium-based contrast agent (IV-GBCA).! The PVS exists
throughout the brain, but is most frequently seen in the infe-
rior third of the basal ganglia near the anterior commissure
(AC).! We routinely performed magnetic resonance (MR)
imaging for the assessment of endolymphatic hydrops 4 h
after a single dose of [IV-GBCA.?>7 We noticed occasionally
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that the PVS would have high signal intensity (SI) on
heavily T,-weighted 3D-FLAIR (hT,-FL) images obtained
4 h after a single dose of IV-GBCA. hT,-FL imaging has
been utilized as a sensitive technique to detect very low con-
centrations of GBCA in fluid.*%° The slight enhancement of
the cerebrospinal fluid (CSF) on hT,-FL images acquired
4 h after a single dose of IV-GBCA had been reported in
healthy subjects with normal renal function'’; however, the
enhancement of the PVS in healthy subjects has not been
reported previously. The enhancement of the PVS, though,
has been reported in a patient with renal insufficiency.!! The
PVS represents an entrance point to the glymphatic system,
a recently discovered macroscopic waste clearance system
of the brain.!>!3

The purpose of this study was to retrospectively evaluate
the contrast enhancement of the PVS both prior to and 4 h
after a single dose of IV-GBCA in subjects who underwent
MR imaging.
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Materials and Methods g -
£ o~ -

In 8 healthy men (ages: 29-53) and 19 patients with suspected = E “ =
endolymphatic hydrops (7 men, 12 women; ages: 27-75), MR A
cisternography (MRC), and hT,-FL images were obtained on a .z
3T scanner (Magnetom Verio, Siemens Healthcare, Erlangen, 2 2 o
Germany) prior to and 4 h after a single dose of IV-GBCA. No EoS - o
subjects had renal insufficiency. The 8 volunteers and 7 of the z %
patients received IV-GBCA of 0.1 mmol/kg body weight or <« <«
0.2 ml/kg body weight using Gadoteridol (Gd-HP-DO3A: § 9 2 2
ProHance, Eisai, Tokyo, Japan) and the other 12 patients ‘E" @ X X
received the same amount of IV-GBCA using Gadodiamide - &
(Gd-DTPA-BMA: Omniscan, Daiichi-Sankyo, Tokyo, Japan). = © ©

. . . . o) Al > n
In this study, we defined renal insufficiency as the history of - £ " ” 5
proteinuria within 3 months or the estimated glomerular filtra- :'_j % 2 9 s
tion rate (eGFR) <60 mL/min/1.73 m?. S - - s

All MR scans were performed using 32-channel array o c=< 2
head coil and GRAPPA (acceleration factor of 2). The slice S E %D R R E_
thickness, field of view, matrix size, and slice position were - =
identical in both the MRC and hT,-FL images. The voxel size 38 - - 5
was 0.5 x 0.5 x 1.0 mm>. All sequences utilize a frequency 5= = = £
selective fat suppression pre-pulse. Further details of the MR Z%5 o
parameters are listed in Table 1. On the axial MRC parallel to g " " §
the AC-posterior commissure (PC) line, a 1 cm circular v g < < 2
region of interest (ROI) was drawn and centered on the PVS 2 E 1 1 g
bilaterally in both the basal ganglia and in the center of the & © O 8
thalami for signal reference. c 2 E 2

The PVS was defined as “small, sharply delineated % E £ = = E
structures with CSF-like intensity on the MRC that followed e S
the course of the perforating arteries.” If a CSF-like signal = %0 kS
area of 3 mm or above was found, coronal reformatting was o |88 828 g
performed to exclude the CSF containing lacunes by checking & § % 2 ; T: 2 E z
the shape (Fig. 1).'4 S.%D Ze2 E s 2 2

The circular 1 cm diameter ROI for the PVS in basal == 5385 838§ E
ganglia was placed according to the instructions given below. o S

“Select the highest axial MRC slice that contains both S E - o é
the AC and PC. Draw the vertical line along the center of the § QE) z Q g
interhemispheric fissure (line V on Fig. 2b). Draw the hori- £z éo
zontal line perpendicular to line V through the AC (line H on o o~ £
Fig. 2b). Draw an ROI (ROI 1 on Fig. 2) posterior to line H SEE § § @
contacting the anterior edge of the circle. The distance e §
between the contacting point and midline (Line 2 on Fig. 2b) 5% &
should be 25-30 mm. The ROI should be placed to cover as = E = S 'g
many PVS as possible on the MRC. If the VRS is not clear . 25)_ Qg" 3 & =
on the MRC, a distance of 27.5 mm should be employed.” gl ¥ =
Then, the ROIs were copied onto the hT,-FL image and the GE; £8 = ;
SI of the ROI was measured (Fig. 2b). 5 Q z 2 22312

The circular ROIs of 1 ¢cm diameter were placed in the Y = < < Q¢ 2 Eci
bilateral thalami on the same slice as the PVS at 1 cm lateral to S & g P c
the midline. The 3 mm diameter ROIs were set within the ?')‘ %
bilateral CSF spaces of the ambient cistern, avoiding the ves- o = 8
sels. Then, the ROIs were copied onto the hT,-FL image and A & 2.1 ¢
the SI of the ROI was measured. We chose the ambient cistern <l 8 g = '5_)0 < é@
for the signal measurement of CSF according to the previous 2 % % o g :rg 2 E o
study.'” In ambient cistern, the apparent signal decrease of S| »n < 20 Irm|=
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CSF due to flow was not seen on MRC, and the significant
contrast enhancement was detected on HF in the previous vol-
unteers’ study. The significant enhancement in lateral ventricle
was not detected in that study.!® One experienced neuroradi-
ologist placed the ROIs on the MRC.

The SI ratio (SIR) was defined as: SIR;,,, = SI of PVS/SI
of the thalami, and SIR g = SI of CSF/SI of the thalami. The
average of the bilateral values was used for the calculation.
The signal enhancement ratio (SER) of the PVS was given as
SER = SIR of the post-contrast administration/SIR of the pre-
contrast administration.

The SIRp, SIR,y, and SI of the thalami were com-
pared prior to and 4 h post IV-GBCA using Student’s #-test.
The SER of the volunteers and patients were compared using
Mann-Whitney’s test. We set 5% as a significance level for
the statistical test.

Fig 1. Coronal reformatting is performed to differentiate a large
perivascular space (PVS) from the cerebrospinal fluid (CSF)-
containing lacunes. On a coronal reformatted image, the PVS
(arrows) shows a typical shape following perforating vessels with-
out surrounding gliosis.

Fig 2. Example of region of interest (ROI) placement. On magnetic
resonance cisternography (MRC) (a) at the anterior commissure
(AC)-posterior commissure (PC) slice, a horizontal line (line H) was
drawn through the AC vertical to the midline (line V). A 1 cm diam-
eter ROl was drawn just posterior to line H (circle 1). The distance
from midline (length of line 2) was 2.5-3 cm. The ROl was placed
to include as much of the perivascular space (PVS) as possible. If
the PVS is not clear on MRC, line 2 was placed at 2.75 cm. Then,
the ROI was copied onto the hT,-FL image (b).
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For the healthy volunteers’ scans, the medical ethics
committee of our institution approved the study and written
informed consent was obtained from all volunteers.

For the patients’ retrospective study, the medical ethics
committee of our institution approved this retrospective study
with a waiver of written informed consent from the patients.

Results

In all 27 subjects, the mean SIR. increased significantly
from 1.02 £ 0.37 to 2.65 £ 0.82 after the [IV-GBCA adminis-
tration (P < 0.01) and the mean SIR,, increased signifi-
cantly from 1.20 + 0.35 to 2.13 £ 1.23 after IV-GBCA (P <
0.01) (Figs. 3, 4).

No significant difference was found between the SI of
the thalami prior to and 4 h after [V-GBCA.

When limited to the 8 volunteers and 7 patients who
received IV-GBCA by Gadoteridol, the mean SIR g
increased significantly from 0.91 + 0.32 to 2.35 £ 0.72 after
the IV-GBCA administration (P < 0.01) and the mean SIR;4
increased significantly from 1.00 + 0.16 to 1.38 £ 0.14 after
IV-GBCA (P <0.01).

When limited to the 12 patients who received [IV-GBCA
by Gadodiamide, the mean SIR. increased significantly
from 1.15 + 0.11 to 3.03 + 0.22 after the [IV-GBCA adminis-
tration (P <0.01) and the mean SIR, ¢ increased significantly
from 1.46 + 0.10 to 3.07 £ 0.37 after IV-GBCA (P < 0.01).

The SER of the PVS and the SER of the CSF showed no
significant difference between the 8 volunteers and 19
patients. When limited to the Gadoteridol group, the SER of
the PVS and the SER of the CSF showed no significant dif-
ference between the 8 volunteers and 7 patients. Among the
patients who received IV-GBCA by Gadodiamide and that by
Gadoteridol, there was no significant difference in the SER
of the PVS or the SER of the CSF.

Discussion

In this study, the enhancement of the PVS and CSF was con-
firmed even in subjects without renal insufficiency. The high

Signal intensity ratio of perivascular space (n=27) Signal intensity ratio of CSF (n=27)
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Fig 3. The signal intensity ratio (SIR) distribution in all 27 subjects.
(@) The SIR of the perivascular space was increased significantly
at 4 h after intravenous administration of gadolinium-based con-
trast agent (IV-GBCA). (b) The SIR of the cerebrospinal fluid (CSF)
was increased significantly at 4 h after IV-GBCA.
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Fig 4. A 71-year-old woman with suspected endolymphatic hydrops. On magnetic resonance cisternography (MRC) (a), there is much
perivascular space (PVS) in the bilateral basal ganglia (arrows). On pre-contrast heavily T,-weighted FLAIR (hT,-FL) image, the PVS has
a low-signal intensity (b). On post-contrast hT,-FL images (c), the PVS has an increased signal intensity (arrows). The cerebrospinal fluid
(CSF) also has increased signal. Note that some of the PVS has a higher signal than the CSF.

sensitivity of the hT,-FL image to a low concentration of
GBCA in fluid allowed the detection of the slightest enhance-
ment of the PVS in subjects without renal insufficiency.*® It
has been reported that GBCA injected intrathecally enters
into the PVS and brain parenchyma.' In this study, it is spec-
ulated that the IV-GBCA entered into the PVS from the CSF.
In the previous healthy volunteer study, the timing of
enhancement is earlier in the optic nerve sheath, Meckel’s
cave around trigeminal nerve, and the fundus of the internal
auditory canal around the seventh and eighth cranial nerves
than in the CSF of the ambient cistern.'? These findings sug-
gested that GBCM permeated from the peripheral part of the
cranial nerve or nerve sheath to CSF, even in the subjects
with intact blood—brain barrier.

On the other hand, some of the PVS signals were visually
higher than that of the CSF at 4 h after IV-GBCA (Fig. 4).
Simple penetration of the CSF into the interstitial fluid of the
PVS cannot explain this more intensely increased PVS signal.
This suggests that the PVS has an active mechanism such as
the absorption of water in the PVS or the secretion of gado-
linium into the PVS. This active function of the PVS might be
investigated using MR imaging in the future. A signal decrease
of CSF due to flow cannot be completely ruled out; however,
the CSF signal of ambient cistern on MRC was quite high as
inner ear fluid. Therefore, the flow effect in ambient cistern
might be quite small. Most reports regarding the glymphatic
system are describing the PVS around artery at the entry site of
CSF to the glymphatic system'?; however, one report is
describing the PVS around the artery as both the entry and
outlet.'¢ If the PVS around perforating artery acts also as an
outlet, more intense enhancement of PVS than CSF seems to
be reasonable. The MR scans at most time points should be
performed in the future to reveal the precise kinetics of GBCA
in the brain. The PVS in another region of the brain should also
be investigated. The glymphatic system is reported to be active
during sleep'”; thus, the sleep condition should be controlled
during the investigation of the glymphatic system.

The findings of this study suggest that the blood—CSF
barrier and the CSF-interstitial fluid (IF) barrier might be
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leakier than the blood—brain barrier. The deposition of gado-
linium in the brain parenchyma such as in the dentate nucleus
and globus pallidus is a recent hot topic in the field of MR
imaging.'®!” Intact gadolinium-chelates might penetrate the
brain parenchyma through the CSF and PVS (i.e., the glym-
phatic system).

Recently, several reports have suggested that the PVS is a
part of the brain “lymphatic” system (glymphatic system)
through which the interstitial solutes are cleared from the
brain!!320.21 Tt has been demonstrated that arterial pulsation
drives the subarachnoid CSF flow into the PVS, clearing sol-
uble proteins such as amyloid beta (AB) from the brain.2%?!
The wastes are washed out of brain from peri-venous spaces to
CSF space. Dysfunction of the PVS pathways thus may lead to
an enlarged PVS, increased AP deposition, and subsequent
neuronal dysfunction and loss, which clearly would have pro-
found implications for Alzheimer’s disease.?!

In the animal study, an intrathecal injection of gadolinium
was utilized to investigate glymphatic function by analyzing
the CSF-ISF exchange across the brain.?® The results of this
study might open the door to an examination of the glymphatic
system in humans by a clinically feasible method using MR
imaging and IV-GBCA.

Conclusion

The enhancement of the PVS at 4 h after a single dose of V-
GBCA was confirmed in human subjects without renal insuf-
ficiency. This might represent the first steps using MR
imaging to evaluate the glymphatic system in humans.

References

1. Osborn AG. Nonneoplastic cysts, 1st ed. In: Osborn AG,
ed. Osborn’s brain: imaging, pathology, and anatomy.
Altona: Amirsys, 2013; 773-808.

2. Naganawa S, Kawai H, lkeda M, Sone M, Nakashima T.
Imaging of endolymphatic hydrops in 10 minutes: a new
strategy to reduce scan time to one third. Magn Reson Med
Sci 2015; 14:77-83.

Magnetic Resonance in Medical Sciences




10.

11.

Naganawa S, Nakashima T. Visualization of endolymphatic
hydrops with MR imaging in patients with Méniére’s disease
and related pathologies: current status of its methods and
clinical significance. Jpn J Radiol 2014; 32:191-204.
Naganawa S, Yamazaki M, Kawai H, Bokura K, Sone M,
Nakashima T. Visualization of endolymphatic hydrops in
Méniere’s disease with single-dose intravenous gadolinium-
based contrast media using heavily T2-weighted 3D-FLAIR.
Magn Reson Med Sci 2010; 9:237-242.

Naganawa S, Yamazaki M, Kawai H, Bokura K, Sone M,
NakashimaT. Imaging of endolymphatic and perilymphatic
fluid after intravenous administration of single-dose
gadodiamide. Magn Reson Med Sci 2012; 11:145-150.
Naganawa S, Yamazaki M, Kawai H, Bokura K, Sone M,
Nakashima T. Visualization of endolymphatic hydrops in
Méniere’s disease after single-dose intravenous gadolinium-
based contrast medium: timing of optimal enhancement.
Magn Reson Med Sci 2012; 11:43-51.

Naganawa S, Yamazaki M, Kawai H, Bokura K, Sone M,
Nakashima T. Visualization of endolymphatic hydrops
in Méniere’s disease after intravenous administration of
single-dose gadodiamide at 1.5T. Magn Reson Med Sci
2013; 12:137-139.

Naganawa S, Kawai H, Sone M, Nakashima T. Increased
sensitivity to low concentration gadolinium contrast by
optimized heavily T,-weighted 3D-FLAIR to visualize
endolymphatic space. Magn Reson Med Sci 2010; 9:73-80.
Naganawa S. The technical and clinical features of 3D-
FLAIR in neuroimaging. Magn Reson Med Sci 2015;
14:93-106.

Naganawa S, Suzuki K, Yamazaki M, Sakurai. Serial scans
in healthy volunteers following intravenous administration
of gadoteridol: time course of contrast enhancement in
various cranial fluid spaces. Magn Reson Med Sci 2014;
13:7-13.

Kanamalla US, Boyko OB. Gadolinium diffusion into
orbital vitreous and aqueous humor, perivascular space,

Vol. 16, No. 1

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Enhancement of Perivascular Spaces

and ventricles in patients with chronic renal disease. AJR
Am ] Roentgenol 2002; 179:1350-1352.

Jessen NA, Munk AS, Lundgaard I, Nedergaard M. The
glymphatic system: a beginner’s guide. Neurochem Res
2015; 40:2583-2599.

Kyrtsos CR, Baras JS. Modeling the role of the glymphatic
pathway and cerebral blood vessel properties in Alzheimer’s
disease pathogenesis. Plos One 2015; 10:e0139574.
Wardlaw JM, Smith EE, Biessels GJ, et al. Neuroimaging
standards for research into small vessel disease and its
contribution to ageing and neurodegeneration. Lancet
Neurol 2013; 12:822-838.

Li L, Gao FQ, Zhang B, Luo BN, Yang ZY, Zhao J.
Overdosage of intrathecal gadolinium and neurological
response. Clin Radiol 2008; 63:1063-1068.

Bakker EN, Bacskai BJ, Arbel-Ornath M, et al. Lymphatic
clearance of the brain: perivascular, paravascular and
significance for neurodegenerative diseases. Cell Mol
Neurobiol 2016; 36:181-194.

Berezuk C, Ramirez J, Gao F, et al. Virchow—Robin
spaces: correlations with polysomnography-derived sleep
parameters. Sleep 2015; 38:853-858.

Kanda T, Fukusato T, Matsuda M, et al. Gadolinium-based
contrast agent accumulates in the brain even in subjects
without severe renal dysfunction: evaluation of autopsy
brain specimens with inductively coupled plasma mass
spectroscopy. Radiology 2015; 276:228-232.

McDonald RJ, McDonald JS, Kallmes DF, et al. Intracranial
gadolinium deposition after contrast-enhanced MR
imaging. Radiology 2015; 275:772-782.

Iliff )J, Lee H, Yu M, et al. Brain-wide pathway for
waste clearance captured by contrast-enhanced MRI.
J Clin Invest 2013; 123:1299-1309.

Zong XP, Park SH, Shen DG, Lin WL. Visualization of
perivascular spaces in the human brain at 7 T: sequence
optimization and morphology characterization. Neuroimage
2016; 125:895-902.

65




