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Confirmation of Age-dependence in the Leakage of Contrast Medium 
around the Cortical Veins into Cerebrospinal Fluid after Intravenous 

Administration of Gadolinium-based Contrast Agent

Shinji Naganawa1*, Rintaro Ito1, Hisashi Kawai1, Toshiaki Taoka1,  
Tadao Yoshida2, and Michihiko Sone2

Purpose: It has been reported previously that intravenously administered gadolinium-based contrast agent 
(GBCA) leaks into the subarachnoid space around the cortical veins at 4 h after injection in all old people 
over 37 years, but not in younger people up to 37 years of age in 3D-real IR images. The purpose of this study 
was to investigate whether there was a strict threshold of 37 years of age for the leakage of the GBCA into the 
subarachnoid space.
Methods: The subjects included 190 patients, that were scanned for 3D-real IR images at 4 hours after intra-
venous injection of GBCA as a diagnostic test for endolymphatic hydrops. The patient’s age ranged from 14 
to 81 years. Two experienced neuroradiologists evaluated the images to determine whether the GBCA 
leakage around the cortical veins was positive or negative. Any discrepancies between the two observers 
were discussed and a consensus was obtained.
A Mann–Whitney U test and receiver operating characteristic (ROC) curve analysis were used to compare 
the positive and the negative group and to set the age cut-off value for the prediction of GBCA leakage.
Results: The GBCA leakage around the cortical veins was negative in 35 patients and positive in 155 patients. 
The average age was 33 ± 11 years in the negative group, and 55 ± 12 years in the positive group (P < 0.01). 
In the ROC analysis for the age and leakage of the GBCA, an area under the curve was 0.905 and the cut-off 
age was 37.317 years (sensitivity of 0.942 and specificity of 0.771).
Conclusion: Intravenously administered GBCA leaks into the subarachnoid space around the cortical veins 
in most patients over 37 years of age. However, it should be noted that it can be found occasionally in 
patients under 37 years of age.
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modified from heavily T2-weighted 3D-FLAIR, and is quite 
sensitive to low concentrations of GBCA in fluid.2–7 In a pre-
vious study, it was reported that no leakage of GBCA into the 
subarachnoid space was detected in young people up to 37 years 
of age on 3D-real IR imaging.1 However, that study included 
only 21 cases total, and only five people under the age of 37.1

The finding that GBCA leaks into the subarachnoid space 
around the cortical veins might be related to the function of the 
waste clearance system from the brain (i.e.: the glymphatic 
system or the meningeal lymphatic channels).1,8–12 The con-
cepts of the glymphatic system13–15 and the meningeal lym-
phatic channels9,10 are currently attracting much attention from 
the neuroscience community.

The first objective of this current study was to investi-
gate whether there was a strict threshold of 37 years of age 
for the leakage of the GBCA into the subarachnoid space 
after intravenous injection as was reported previously. Since 

Introduction
It has been reported previously that gadolinium-based contrast 
agents (GBCAs) leak into the subarachnoid space around the 
cortical veins on the brain surface at 4 h after intravenous injec-
tion in 3D-real IR images.1 This 3D-real IR technique is 



S. Naganawa et al.

376 Magnetic Resonance in Medical Sciences 

there is a hypothesis that GBCA leaks around the cortical 
veins in part due to the influence of arachnoid granulations 
protruding into the venous sinus,16 the number of protruding 
granulations into the superior sagittal sinus (SSS) might be 
important. The secondary purpose of this study was to inves-
tigate the relationship between the number of arachnoid 
granulations protruding into the SSS and the leakage of the 
GBCA into the subarachnoid space around the cortical veins.

Materials and Methods
Patients
The subjects included 190 patients (91 male and 99 female), 
that were scanned at 4 h after an intravenous injection of 
gadolinium as a diagnostic test for endolymphatic hydrops. 
The patient age ranged from 14 to 81 years and the median 
age was 50 years. For the age calculation, the value obtained 
by dividing the number of days from the date of birth to the 
date of the examination by 365.25 was used. In all cases, the 
estimated glomerular filtration rate (eGFR) was 60 mL/min/ 
1.73 m2 or greater. There were no cases with brain tumors or 
large cerebral infarctions. They do not have apparent history 
of central nervous system infection. Systemic steroids had 
not been administered within 2 months prior to the MR 
examination. In the 190 patients, 21 patients evaluated in the 
previous study1 were included. Images from these 21 patients 
were evaluated again in the present study.

MR imaging
The axial 3D-real IR images covering the entire skull were 
obtained at 4 h after an intravenous injection of a single dose 
(0.1 mmol/kg) of macrocyclic GBCA (Gadobutrol, Bayer-
pharm, Osaka, Japan). A 3T MR scanner (Skyra, Siemens 
Healthineers, Erlangen, Germany) with a 32-channel array 
coil was used. The detailed parameters for the 3D-real IR 
imaging were the same as the previous study1 and are indi-
cated in Table 1.

Image analysis
A high signal intensity in the subarachnoid space around the 
cortical veins with a value of 30 or greater, a length of at least 
10 mm and a width of at least 2 mm on the 3D-real IR images 
was regarded as a positive finding. Therefore, the thin pial 
high signal intensity on the brain surface, the pial-sheath 
around the cortical veins and the presumed meningeal lym-
phatics along both sides of the superior sagittal sinus were 
excluded (Figs. 1 and 2). On a PACS viewer (RapideyeCore, 
Canon Medical Systems, Tokyo, Japan), the 3D-real IR 
images were displayed with very narrowed window condi-
tions (Window width of 2, Window level of 30), as well as 
regular window conditions (Window width of 80, Window 
level of 10), which showed the anatomy of the brain, suba-
rachnoid spaces and cortical veins (Figs. 1 and 2). The reg-
ular window parameters are identical to those in the previous 
study.1 Two experienced neuroradiologists (S.N. and T.T.) Ta
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Fig. 1 A 32-year-old man with a suspicion of endolymphatic hydrops. The left image is the regular window width and level setting  
(window width of 80 and window level of 10). The right image is the extremely narrow window width setting (window width of 2 and win-
dow level of 30) at the same location as the left image. The pial-sheath around the cortical vein shows a linear high signal intensity (arrows, 
a). In the right image, the thin pial high signal intensity on the brain surface (arrow, b), the pial-sheath around the cortical veins (dotted 
arrow, b), and the presumed meningeal lymphatics along the superior sagittal sinus (short arrow, b) can be seen as thin structures with a 
high signal intensity. However, these structures do not match the criteria for a positive finding. Thus, we regarded this image as negative.

Fig. 2 A 31-year-old man with a suspicion of endolymphatic hydrops. The left image is the regular window width and level setting  
(window width of 80 and window level of 10). The right image is the extremely narrow window width setting (window width of 2 and 
window level of 30) at the same location as the left image. Around the cortical vein (arrows, a), the leakage of gadolinium-based contrast 
agent is indicated as a band-like high signal intensity (short arrows, a). An arachnoid granulation is protruding into the superior sagittal sinus 
(dotted arrow, a). In the right image, the leakage of the gadolinium-based contrast agent is indicated as a band-like high signal intensity (short 
arrow, b). This broad-shaped structure matches the criteria for a positive finding. Thus, we regarded this image as positive for leakage.

independently reviewed all of the 256 axial, 1 mm thick, 
slices for each patient to determine whether the GBCA 
leakage around the cortical veins was positive or negative. 
The number of arachnoid granulations was counted as posi-
tive for high signal intensity in nodular structures with a 
diameter of 1.5 mm or greater and protruding into the SSS. 
Any discrepancies between the two observers were discussed 
and a consensus was obtained.

Statistical analysis
A Mann–Whitney U test was used to compare the average 
age between the negative and the positive group. The receiver 
operating characteristic (ROC) curve analysis for the Youden 
index (sensitivity + specificity − 1) maximization was used 
to set the age cut-off value for the prediction of GBCA 
leakage around the cortical veins. A kappa test was used to 
evaluate the agreement between the two observers regarding 

a

a

b

b
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Fig. 3 A box-and-whisker plot of the age distribution of the nega-
tive group (n = 35) versus the positive group (n = 155) for leakage of 
the gadolinium contrast agent into the subarachnoid space around 
the cortical veins. The lower side of the rectangle is the first quar-
tile (25th percentile value) and the upper side is the 75th percen-
tile value. The thick 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. There is overlap between the two groups, how-
ever the average of each group differs significantly (P < 0.01).

Fig. 4 A box-and-whisker plot of the number of arachnoid gran-
ulations protruding into the superior sagittal sinus of the negative 
group (n = 35) versus the positive group (n = 155) for the leakage of 
the gadolinium contrast agent into the subarachnoid space around 
the cortical veins. The lower side of the rectangle is the first quar-
tile (25th percentile value) and the upper side is the 75th percentile 
value. The thick 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 percen-
tile value. Although the average of the groups differs significantly (P 
< 0.01), the overlap is large. Ags = arachnoid granulations.

the GBCA leakage. A Mann–Whitney U test was used to 
compare the average number of arachnoid granulations 
between the negative and the positive group. The ROC curve 
analysis for the Youden index maximization was used to set 
the number of arachnoid granulations cut-off value for the 
prediction of GBCA leakage around the cortical veins. For 
the evaluation of the number of arachnoid granulations pro-
truding into the superior sagittal sinus, a Pearson’s correla-
tion coefficient and an intraclass correlation coefficient (ICC) 
between the two observers were calculated. 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 all 
statistical analyses.

The ethics committee of our institution approved this 
retrospective study with a waiver of consent from the 
patients.

Results
The GBCA leakage into the subarachnoid space around the 
cortical veins was negative in 35 patients and positive in 155 
patients. In the negative group, the average age was 33 ± 11 
years, and the average number of arachnoid granulations was 
1.2 ± 1.4. In the positive group, the average age was 55 ± 12 
years, and the number of arachnoid granulations was 1.5 ± 1.1.  
There were significant differences in both age and number of 
arachnoid granulations between the negative and positive 
groups (P < 0.01) (Figs. 3 and 4).

Regarding the leakage of the GBCA around the cortical 
veins between the two observers, discrepancies were seen 
in four patients (κ-value of 0.9315, 95% confidence level: 
0.865–0.998) and the number of arachnoid granulations 
was different by one in two patients (Pearson’s correlation 
coefficient of 0.996, 95% confidence level: 0.995–0.997, 
ICC of 0.996).

In the ROC analysis for the age and leakage of the 
GBCA around the cortical veins, an area under the curve 
(AUC) of 0.905 (95% confidence level: 0.848–0.963) was 
calculated. The Youden index reached a maximum at 
37.317 years (sensitivity of 0.942 and specificity of 0.771; 
Fig. 5).

For the number of arachnoid granulations and the 
leakage of the GBCA around the cortical veins, the threshold 
was 1.000 with an AUC of 0.657 (95% confidence level: 
0.542–0.772), at the Youden index maximum (sensitivity of 
0.923 and specificity of 0.429; Fig. 6).

Discussion
Although there was no strict age threshold as previously 
reported,1 the age of 37 years is correct as a threshold for 
these imaging parameters of 3D-real IR at 4 h after intrave-
nous injection of a single dose of GBCA (IV-SD-GBCA). 
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Fig. 5 The graph shows the result of the receiver operating char-
acteristic (ROC) curve analysis of the GBCA leakage into the sub-
arachnoid space around the cortical veins and the patient age. 
The Youden index is maximized at an age cut-off of 37.317 years 
(sensitivity of 0.942 and specificity of 0.771). The AUC is 0.905 
(95% confidence interval: 0.848, 0.963). GBCA, gadolinium-based 
contrast agent; AUC, area under the ROC curve. Youden index = 
sensitivity + specificity − 1.

Fig. 6 The graph shows the result of the receiver operating char-
acteristic (ROC) curve analysis of the GBCA leakage to the sub-
arachnoid space around the cortical veins and the number of 
arachnoid granulations. The Youden index is maximized at the 
number of arachnoid granulations’ cut-off of 1.000 (sensitivity of 
0.923 and specificity of 0.429). The AUC is 0.657 (95% confi-
dence interval: 0.542, 0.772). GBCA, gadolinium-based con trast 
agent; AUC, area under the ROC curve. Youden index = sensitiv-
ity + specificity – 1.

The leakage of the GBCA around the cortical veins might 
be related to increased permeability of the blood–brain bar-
rier (BBB) and congestion of the meningeal lymphatic 
channels.11,12 In addition, since it is estimated that the func-
tion of the glymphatic system is also affected, it may 
become an important index in the future for the study of 
neurodegenerative diseases such as Alzheimer’s dis-
ease.15,17 It is an important first step to identify an age 
threshold as shown in this study.

An experimental study using regular FLAIR imaging, 
which temporarily opened the blood-brain barrier with 
focused ultrasound (FUS) showed that the amount of GBCA 
leakage into the subarachnoid space after intravenous injec-
tion was increased by FUS.18

According to the previous report, the leakage around the 
cortical veins after intravenous injection of GBCA is limited 
to the perivascular space around the cortical veins at 5 min 
after intravenous injection, after which it spreads into the 
surrounding the subarachnoid space.1 Furthermore, images 
in which the perivascular space around the cortical veins is 
directly connected to the meningeal lymphatic vessels near 
the SSS have been shown.19 If the permeability of the pial-
sheath20,21 encapsulating the cortical veins remains intact 
even with age, the results of the present study suggest that 
there might be congestion due to stenosis in the vicinity of 
the junction with the meningeal or meningeal lymphatics 
with age.11,12 Increased permeability of the BBB, resulting in 
an increase in the amount of the GBCA flowing into the 
perivascular space around the veins18 may lead to an increase 
in the leakage of the GBCA around the cortical veins. It has 
been reported previously that aging increases BBB permea-
bility22 and also decreases the meningeal lymphatic vessel 
diameter and coverage.17

Although the number of arachnoid granulations and the 
leakage of GBCA around the cortical vein seem to be slightly 
related, as seen in the boxplot in Fig. 4, the overlap between 
the positive and negative groups is quite large. Due to a lower 
AUC value (0.657) from the number of arachnoid granula-
tions (Fig. 6), it might not be appropriate to use this metric to 
predict leakage for an individual diagnosis. The results of the 
present study might have been affected by the fact that there 
was no arachnoid granulation, which was large enough to 
inhibit venous sinus flow.23

It is speculated that the deposition of the GBCA in the 
brain after the repeated intravenous administrations could be 
related to the GBCA concentration in cerebrospinal fluid 
(CSF).8,23–25 Increased GBCA concentration in CSF due to 
aging has also been reported.24 The results of the present 
study are consistent with these previous investigations.

Steroid has the effect of reducing inflammation and per-
meability of disrupted BBB.26 In the patients of the present 
study, no patients received systemic steroid therapy within 2 
months from MR examination.

This study has some limitations. All patients were 
imaged under suspicion of endolymphatic hydrops and were 
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not completely healthy. For the imaging method used in the 
present study, we did not confirm the linearity of the gado-
linium concentration in CSF, nor the detection rate of posi-
tive findings for leakage. We relied on subjective evaluation, 
although a signal intensity threshold was used. The number 
of patients in the negative group (n = 35) was much smaller 
than the number of patients in the positive group (n = 155). 
We did not obtain the super-delayed images more than 4 h 
after IV-SD-GBCA. Further research would be warranted to 
know the peak leakage timing for each age.

There are several applications for leakage of GBCA into 
the subarachnoid space around the cortical veins that should 
be investigated in the future. These include investigations for 
Alzheimer’s disease and normal pressure hydrocephalus, as 
well as the effects of circadian rhythm, arteriosclerosis, and 
other physiological parameters such as gender or blood glu-
cose levels.

Conclusion
Intravenously administered GBCA leaks into the subarach-
noid space around the cortical veins in most patients over 37 
years of age. However, it should be noted that it can be found 
occasionally in patients under 37 years of age. The age of 37 
is not a perfect cut-off for predicting GBCA leakage into the 
subarachnoid space around the cortical veins. However it 
may be an adequate cut-off value in most cases. The number 
of arachnoid granulations protruding into the superior sag-
ittal sinus is not a good predictor of GBCA leakage.
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