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Intracranial Distribution of Intravenously Administered  
Gadolinium-based Contrast Agent over a Period of 24 Hours:  
Evaluation with 3D-real IR Imaging and MR Fingerprinting
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Purpose: To evaluate the feasibility for the detection of slight contrast effects after intravenous administration 
of single dose gadolinium-based contrast agent (IV-SD-GBCA), the time course of the GBCA distribution up 
to 24 h was examined in various fluid spaces and brain parenchyma using 3D-real IR imaging and MR  
fingerprinting (MRF).
Methods: Twenty-four patients with a suspicion of endolymphatic hydrops were scanned at pre-administration 
and at 10 min, 4 and 24 h post-IV-SD-GBCA. 3D-real IR images and MRF at the level of the internal auditory 
canal were obtained. The signal intensity on the 3D-real IR image of the cerebrospinal fluid (CSF) in the cere-
bellopontine angle cistern (CPA), Sylvian fissure (Syl), lateral ventricle (LV), and cochlear perilymph (CPL) was 
measured. The T1 and T2 values of cerebellar gray (GM) and white matter (WM) were measured using MRF. 
Each averaged value at the various time points was compared using an analysis of variance.
Results: The signal intensity on the 3D-real IR image in each CSF region peaked at 4 h, and was decreased 
significantly by 24 h (P < 0.05). All patients had a maximum signal intensity at 4 h in the CPA, and Syl. The 
mean CPL signal intensity peaked at 4 h and decreased significantly by 24 h (P < 0.05). All patients but two 
had a maximum signal intensity at 4 h. Regarding the T1 value in the cerebellar WM and GM, the T1 value 
at 10 min post-IV-GBCA was significantly decreased compared to the pre-contrast scan, but no significant 
difference was observed at the other time points. There was no significant change in T2 in the gray or white 
matter at any of the time points.
Conclusion: Time course of GBCA after IV-SD-GBCA could be evaluated by 3D-real IR imaging in CSF 
spaces and in the brain by MRF.
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administered gadolinium-based contrast agents (GBCAs) in 
various liquid cavities over time.1–5 One study examined up to 
6 h post-administration4 and another one investigated changes 
up to 24 h post-administration using heavily T2-weighted 
3D-FLAIR imaging.1

Heavily T2-weighted 3D-FLAIR imaging is quite sensi-
tive for the detection of low concentrations of GBCA in 
fluid.6,7 However, with heavily T2-weighted 3D-FLAIR 
imaging, a paradoxical signal drop due to the GBCA distri-
bution can occur during the longitudinal recovery period 
after the application of the inversion pulse, and prior to 
passing the null point.3,8 In addition, not only heavily 
T2-weighted 3D-FLAIR imaging, but also all inversion 
recovery methods in general, might not apply a completely 
uniform inversion pulse within the slab volume. Thus, there 
may be areas where the complete spin inversion does not 

Introduction
Several studies using heavily T2-weighted 3D-FLAIR imaging 
have reported changes in the distribution of intravenously 
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occur. For example, if the inversion time is set to null for the 
cerebrospinal fluid (CSF) in the lateral ventricles, the CSF in 
other regions might not be sufficiently nulled. Thus, there 
may be some fluid-containing voxels before passing the null 
point in FLAIR images that were adjusted to a null point of a 
different CSF region. At such sites, the paradoxical signal 
drops due to the GBCA distribution described above can 
occur with magnitude reconstruction. In order to overcome 
this problem, the use of 3D inversion recovery with real 
reconstruction (3D-real IR) imaging is preferable for the 
determination of subtle contrast effects in fluid.3,8

Currently, 3D-real IR imaging with heavily T2 weighting 
is used for the detection of small amounts of GBCA in CSF 
spaces and the labyrinthine perilymph.3,8 In this method, 
since the degree of T2 weighting is strong, almost no brain 
parenchymal signal is obtained. Therefore, the contrast effect 
in the brain parenchyma cannot be evaluated.

Alternatively, one study indicated that MR fingerprinting 
(MRF) of 3D-real IR imaging can detect T1 and T2 short-
ening in CSF spaces with distinct contrast enhancement after 
intravenous injection of GBCA.9 MRF can also be used to 
evaluate the changes of T1 and T2 in brain parenchyma.10–13 
There is an advantage in that the dynamic range is larger 
using MRF than for 3D-real IR imaging alone.

Various studies have shown that GBCAs distribute in 
various fluid spaces such as the CSF, the perilymph of the 
inner ear, the perivascular spaces of the basal ganglia, the 
meningeal lymphatics and the brain parenchyma after IV 
administration.1–5,9,14–20

The pattern for the intracranial distribution of intrave-
nously administered GBCA might be associated with aging, 
blood–brain barrier (BBB) integrity, function of glymphatic 
system, and renal function.2,3,21,22 The glymphatic system is 
the waste clearance system of the brain and has attracted 
much attention from a wide range of investigators.23–25 
Establishment of a method for the evaluation of the glym-
phatic system is a hot research topic in the neuroscience 
field.26 Currently, the distribution patterns of intravenously 
administered GBCA in various fluid spaces of humans are 
under intense investigation as the first step of the glym-
phatic system and as a measure of BBB integrity.1,25,27 For 
the evaluation of the glymphatic system in brain paren-
chyma, an intrathecal administration of a small dose of 
GBCA (IT-GBCA) is used by some investigators.23,28 How-
ever, intrathecal administration of GBCA is usually con-
traindicated in a clinical setting.29 If we could detect the 
presence of intravenously administered GBCA in brain 
parenchyma, the evaluation of glymphatic system in clinical 
setting might be feasible.

The purpose of this study was to evaluate the feasibility 
of detecting slight contrast effects in CSF and brain paren-
chyma after intravenous administration of single dose GBCA 
(IV-SD-GBCA). For this purpose, we used both 3D-real IR 
imaging3,8,9,14 and MRF9,10,30 pre- and post-intravenous injec-
tion of GBCA through 24 h to evaluate the contrast in the 

CSF, cochlear perilymphatic space, and in the cerebellar 
white and gray matter. This study represents a next step for 
research of the glymphatic system in a clinical setting.

Materials and Methods
Patients
The subjects were 24 patients suspected of endolymphatic 
hydrops (nine women and 15 men, age: 23–80, median age: 55). 
In all cases, the estimated glomerular filtration rate was 50 
mL/min/1.73 m2 or greater. There were no cases with brain 
tumors or large cerebral infarctions. The ethical committee 
of our institution approved this study. Written informed con-
sent was obtained from all patients.

MR imaging
The images were obtained pre-administration, and at 10 min, 
4 and 24 h post-intravenous administration of a single dose 
(0.1 mmol/kg) of macrocyclic GBCA (gadobutrol, Bayer-
pharm, Osaka, Japan). A 3T MR scanner (MAGNETOM 
Skyra, Siemens Healthcare, Erlangen, Germany) with a 
32-channel head coil was used. The detailed parameters for 
the 3D-real IR imaging and 2D-MRF were similar to a pre-
vious study, but the measurement time for the 2D-MRF was 
reduced from 41 to 21 s per slice by reducing the number of 
echoes from 3000 to 1500.9 Briefly, for 3D-real IR imaging 
we obtained 256 axial slices with 1 mm thickness covering 
the entire brain, as well as axial 2D-MRF (5 mm slice thick-
ness) at the level of the inner ear canal.

The prototype 2D-MRF sequence was based on an FISP 
acquisition scheme, that uses a spiral readout trajectory, inver-
sion recovery pulse, variable TR, and variable flip angles. The 
slice thickness for this acquisition was 5 mm and had a square 
field of view of 300 mm. The matrix size was 256 × 256. The 
scan parameters included an echo time of 2.0 ms and an inver-
sion time of 20.6 ms. The repetition time ranged from 12.1 to 
15.0 ms, and the flip angle ranged from 0° to 74°. Each echo 
encoded an image by a single spiral readout with a variable-
density k-space trajectory (24- to 48-fold under-sampling),31 
and the spiral trajectory was rotated by 82.5° for each repeti-
tion time to improve the temporal incoherence of the under-
sampling artifacts.32 To compensate for the inhomogeneity of 
the RF-field (B1

+), an automated field correction was applied. 
Before the actual MRF scan was started, an RF-field-mapping 
sequence was triggered.33 After acquisition of the MRF data, 
the scanner automatically performed pattern recognition 
between the calculated dictionary and the measured time 
course. One slice of MRF at the level of internal auditory 
canal was obtained and analyzed.

The scan time for the 3D-real IR imaging was 10 min per 
volume and the MRF was 21 s per slice. Detailed parameters 
of 3D-real IR imaging are shown in Table 1. Slice position 
for 3D-real IR imaging and MRF was co-registered between 
time points using a scanner-equipped automatic alignment 
function.34



Gd Distribution by 3D-real IR and MRF

93Vol. 20, No. 1

This sequence utilizes a frequency selective fat suppres-
sion pre-pulse, non-slab selective excitation pulse, and non-
slab selective inversion pulse. 

3D slab is set in an axial orientation.

Image analysis
On the 3D-real IR images, 3 mm diameter circular regions of 
interest (ROIs) were placed in the bilateral cerebellopontine 
angle cistern, the bilateral trigone of the lateral ventricle, and 
the bilateral Sylvian fissure, while avoiding brain tissue, cra-
nial nerves, choroid plexus and blood vessels, and the CSF 
signal intensity was measured. The signal intensity of the 
perilymph in the left and right cochlear basal turn was also 
measured. The perilymph signal intensity was measured by 
manually surrounding the scala tympani in the basal turn of 
cochlea. Examples of the ROI placement are shown in Fig. 1.

For MRF, T1 and T2 were measured by placing a 10-mm 
circular ROI in the gray (i.e. cerebellar hemispheres) and 
white (i.e. middle cerebellar peduncles) matter of the left and 
right cerebellum, while avoiding the CSF and blood vessels. 
Examples of the ROI placement are shown in Fig. 2.

For each CSF and perilymph signal intensity measure-
ment on the 3D-real IR images as well as the T1 and T2 values 
from the cerebellar white and gray matter on MRF, the values 
of the left and the right were averaged. Averaged values at all 
time points were compared using an analysis of variance.  
A Bonferroni correction was performed for multiple com-
parisons. The T1 ratio (T1 value at 10 min divided by that at 
pre-contrast) was calculated and compared between gray and 
white matter using a Student’s t-test. 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
The mean cochlear perilymph signal intensity peaked at 4 h 
and decreased significantly by 24 h (P < 0.05). All patients 
but two had a maximum signal intensity at 4 h.

There was no significant difference in signal intensity at 
pre-administration and 10 min post-contrast, and all other 
time points were significantly different from pre-contrast 
(Figs. 3 and 4).

The mean signal intensity of 3D-real IR from each CSF 
compartment peaked at 4 h, and it decreased significantly by 
24 h (P < 0.05). All patients had a peak signal intensity at 4 h 
in the cerebellopontine angle cistern, and the Sylvian fissure. 
All patients but six had a peak signal intensity at 4 hours in 
the lateral ventricle (Figs. 3 and 4). The mean signal intensity 
at 24 h remained significantly higher than pre-contrast 
images in the cerebellopontine angle cistern and the Sylvian 
fissure.

In the cerebellar gray and white matter, a significant 
shortening of the mean T1 at 10 min post-GBCA Ta
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administration was observed as compared to the pre-contrast 
scan, but no significant differences were found for other time 
point comparisons (Fig. 5a and 5b). In all patients, T1 was 
decreased at 10 min in both gray and white matter compared 
to that in the pre-contrast image. The mean T1 ratio (T1 value 
at 10 min divided by the value at pre-contrast) was 0.934 ± 
0.02 for gray matter and 0.963 ± 0.01 for white matter. This 
ratio was significantly less in the gray matter (P < 0.01).

There was no significant change in the mean T2 value 
over time in either gray or white matter (Fig. 5c and 5d).

Fig. 3  An example of 3D-real IR images at pre-administration (a), 
10 min (b), 4 (c) and 24 h (d) post-intravenous administration of the 
gadolinium-based contrast agent. The perilymph in both sides of 
the cochlea was most strongly enhanced at 4 h (arrows). The signal 
intensity of the cerebrospinal fluid in the cerebellopontine angle 
cistern was highest at 4 h (short arrows).

a

c

b

d

Discussion
CSF enhancement
It was reported that the intravenously administered GBCA 
distributes in CSF. The GBCA leaks from the impaired por-
tion of the BBB, the peripheral part of the cranial nerves, 
choroid plexus, circumventricular organs, and subarachnoid 
vessels.2–5,14,20,25,27 It has been reported that the CSF signal 

Fig. 1  An example of the region of 
interest (ROI) placement for signal 
intensity measurements on 3D-real IR 
images. Values from the right and left 
sides were averaged. (a) For the cere-
brospinal fluid (CSF) in the cerebello-
pontine angle cistern, a circular ROI 
was drawn (ROI#1). For the cochlear 
perilymph, the scala tympani in the 
basal turn of the cochlea was manually 
contoured (ROI#2). (b) For the CSF in 
the lateral ventricle, a circular ROI was 
drawn posterior to the choroid plexus 
bilaterally (ROI#1 and #2). (c) For the 
CSF in the Sylvian fissure, a circular 
ROI was drawn in the fissure avoid-
ing blood vessels (ROI#1 for the left 
Sylvian fissure).

a

c

b

Fig. 2  An example of the region of interest (ROI) placement on 
the T1 map by MR fingerprinting. Circular ROIs were manually 
placed in both the cerebellar gray matter (cerebellar hemisphere) 
and the white matter (i.e. middle cerebellar peduncle). The ROIs 
were placed to avoid the CSF. The T1 values from both sides were 
averaged. These ROIs were copied and pasted onto the T2-map.

Fig. 1  An example of the region of 
interest (ROI) placement for signal 
intensity measurements on 3D-real IR 
images. Values from the right and left 
sides were averaged. (a) For the cere-
brospinal fluid (CSF) in the cerebello-
pontine angle cistern, a circular ROI 
was drawn (ROI#1). For the cochlear 
perilymph, the scala tympani in the 
basal turn of the cochlea was manually 
contoured (ROI#2). (b) For the CSF in 
the lateral ventricle, a circular ROI was 
drawn posterior to the choroid plexus 
bilaterally (ROI#1 and #2). (c) For the 
CSF in the Sylvian fissure, a circular 
ROI was drawn in the fissure avoid-
ing blood vessels (ROI#1 for the left 
Sylvian fissure).
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intensity in the lateral ventricles and the prepontine cistern 
was decreased at 24 h compared to 3 h post-administration 
of GBCA.1 Decreased enhancement in the CSF at 24 h is 
consistent with the results of the present study. Leakage of 
IV-GBCA into the CSF might be affected by various condi-
tions. An effect of age on IV-GBCA leakage into the CSF 
has been reported.3 In addition, an association of white 
matter degeneration and the degree of GBCA distribution in 
the CSF has also been documented.1 A correlation of IV-
GBCA leakage into the CSF with aging, white matter degen-
eration, BBB disruption and other pathophysiological 
conditions would be interesting for future research. The 
drainage of GBCA from CSF is also important issue in the 
research of the glymphatic system.23 The perivascular space, 
subpial space around cortical vein and meningeal lym-
phatics might be working as a part of the drainage 
pathway.2,3,9,14

Cochlear perilymph signal intensity
A previous study found that the signal intensity of the cochlear 
perilymph was decreased at 6 h compared to 4 h post-IV-GBCA 
in a small number of healthy subjects.35 In another study, serial 
scans post-IV-GBCA were carried out in healthy subjects.4 The 
cochlear perilymph and the CSF in the internal auditory canal 
and ambient cistern showed no significant differences between 
3 and 4.5 h, and between 4.5 and 6 h post-administration. Fur-
ther studies are necessary to define the time of peak enhance-
ment in the CSF and perilymph under various conditions.

A recent report indicated that the cochlear perilymph 
signal intensity was increased at 24 h in healthy subjects 
compared to 3 h.1 In the present study, the cochlear perilymph 
signal intensity was decreased slightly at 24 h compared to 4 
h. Also in the previous study, the cochlear perilymph signal 
intensity tended to be higher in patients with white matter 
degeneration.1 In the present study, no evaluation for white 

Fig. 4  A box-and-whisker plot of the signal intensity of the cochlear perilymph (a), cerebrospinal fluid (CSF) in the cerebellopontine angle 
cistern (b), CSF in the Sylvian fissure (c), CSF in the lateral ventricle (d) pre-, 10 min, 4 and 24 h post-intravenous administration of gadolinium- 
based contrast agent on the 3D-real IR images. The lower side of the rectangle is the first quartile (25th percentile value) and the upper 
side is the 75th percentile value. The horizontal line in the rectangle is the median. The horizontal line under the whisker indicates the 
10th percentile value, and the horizontal line above the whisker indicates the 90th percentile value. The cross sign in the rectangle is the 
mean. (a) The mean signal intensity of the cochlear perilymph was highest at 4 h compared to the other time points (P < 0.01). The mean 
signal intensity was significantly higher at 24 h compared to that at pre- and 10 min post-administration (P < 0.01). *, **: Significant dif-
ference. (b) The mean signal intensity of the CSF in the cerebellopontine angle cistern was highest at 4 h compared to all other time points  
(P < 0.01). There was a significant difference between all paired scans. *: Significant difference. (c) The mean signal intensity of the CSF 
in the Sylvian fissure was highest at 4 h compared to all other time points (P < 0.01). There was a significant difference between all paired 
scans. *: Significant difference. (d) The mean signal intensity of the CSF in the lateral ventricle was highest at 4 h compared to all other time 
points (P < 0.01). There was no significant difference between the other paired scans. *, **, ***: Significant difference.

a

c

b

d
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matter lesions in the brain was performed, and all patients had 
a suspicion of endolymphatic hydrops. The reason for the dif-
ference in the results between the present study and the pre-
vious study1 is not known, but may be due to differences in 
the patient groups as well as the scan timing (i.e. 3 vs. 4 h).

Brain parenchyma
For the evaluation of glymphatic function in human subjects, 
a small dose of IT-GBCA can be administered.28,36–40 The dis-
tribution and clearance of IT-GBCA in brain parenchyma 
was found to be significantly different between control sub-
jects and idiopathic normal pressure hydrocephalus patients.40 
However, the distribution pattern of IT-GBCA in the brain 
has a large inter-individual variability, therefore an individual 
evaluation of glymphatic function by IT-GBCA is difficult.

However, IV-GBCA can also be difficult to interpret, 
because not only glymphatic function, but also renal function 
and BBB integrity contribute to the distribution.

It has been demonstrated in animal experiments that the 
presence of gadolinium contrast in brain parenchyma may be 
seen with both linear- and macrocyclic-type agents at 24 h 
after intravenous administration.20 It has been further clari-
fied that gadolinium contrast agents administered 

intravenously are distributed in cerebrospinal fluid in healthy 
subjects.4,5,41 It has also been shown that gadolinium contrast 
agents in the cerebrospinal fluid spaces are transferred to 
brain parenchyma in animals and humans.20,28,29,37,42

Thus, if gadolinium contrast is present in cerebrospinal 
fluid, it will also be present in brain parenchyma. However, in 
the present study it was found that MRF could not detect the 
presence of gadolinium contrast that may have transferred 
from the cerebrospinal fluid spaces into the brain parenchyma 
after intravenous administration at 4 or 24 h, probably due to 
the lack of enough sensitivity to trace amounts of GBCA in 
brain parenchyma. The T1 shortening in the brain parenchyma 
at 10 min post-intravenous administration is mainly presumed 
to be due to the presence of contrast in the blood pool, and not 
mainly due to GBCA in the interstitial spaces of the brain 
parenchyma.22,43,44 To separately evaluate the intravascular 
versus interstitial components for the presence of GBCA, we 
might need additional information such as the cerebral blood 
volume and intravascular concentration of the GBCA. The 
mean T1 ratio (i.e. T1 value at 10 min divided by that at pre-
contrast) was larger in white matter than in gray matter. This 
may reflect the difference of cerebral blood volume between 
gray and white matter.

Fig. 5  A box-and-whisker plot of the T1 and T2 values in cerebellar gray and white matter for pre-administration, and 10 min, 4 and  
24 h post-intravenous administration of gadolinium-based contrast agent as measured by MR fingerprinting (MRF). T1 of the gray matter (a), 
T1 of the white matter (b), T2 of the gray matter (c), T2 of the white matter (d). The mean T1-value of gray and white matter at 10 min was sig-
nificantly smaller than that at all the other time points (a and b). *, **, ***: Significant difference. There was no significant change in the mean 
T2 value over time in either gray or white matter (c and d). The lower side of the rectangle is the first quartile (25th percentile value) and the 
upper side is the 75th percentile value. The horizontal line in the rectangle is the median. The horizontal line under the whisker indicates the 
10th percentile value, and the horizontal line above the whisker indicates the 90th percentile value. The cross sign in the rectangle is the mean.

a

c

b

d
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We still do not know the precise concentration of GBCA 
in the cerebellar white and gray matter at 4 and 24 h post-IV-
GBCA. Additional scan intervals should be applied in a 
future study to detect the change in T1 for the brain paren-
chyma after IV-GBCA. We might also need to improve the 
sensitivity of MRF to very low concentration GBCA in brain 
parenchyma.

We believe that some portion of the GBCA was distrib-
uted in the brain parenchyma after intravenous administra-
tion even with an intact blood brain barrier. If detected by 
MRF at some other scan timing, it may be due to a complex 
mix of BBB leakiness and blood–CSF barrier permeability, 
as well as clearance or drainage from the brain (i.e. glym-
phatic function). The results of the present study provide 
basic data for future research. In the present study, we 
observed the change over time of the IV-GBCA distribution 
in the CSF space using 3D-real IR imaging. The CSF signal 
intensity may be affected not only by glymphatic function, 
but also by BBB integrity and renal function. Thus, the 
change in CSF signal intensity over time post-IV-GBCA may 
be a potential biomarker for glymphatic function.

Limitations of the study
This study has some limitations. We included only a small 
number of patients with the suspicion of endolymphatic 
hydrops. Further study including a larger number of patients 
and healthy volunteers is necessary. Scan timing was limited 
to only four time points to avoid too much burden on the 
patients. To obtain more time points, the scan time might 
need to be much shorter to reduce the time burden on the 
participants. The number of slices for MRF was limited in 
this study due to the time constraint. 3D-MRF covering whole 
brain45,46 might be beneficial to analyze a larger brain region.

Conclusion
The presence of GBCA in various CSF compartments and in 
the cochlear perilymph was detected most appreciably by 
3D-real IR imaging at 4 h post-IV-SD-GBCA. The presence 
of GBCA in the brain could be detected at 10 min post- 
IV-SD-GBCA, but could not be detected at 4 and 24 h post-
IV-SD-GBCA by MRF.
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