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INTRODUCTION

Gadolinium-based contrast agents are extensively used in 
magnetic resonance imaging (MRI) of the brain. Occasionally, 
these agents are associated with minimal neurotoxicity. Howev-
er, several reports of increased signal intensity in the subarach-
noid space have been reported in patients with end-stage renal 
failure due to the deposition of gadolinium in the cerebrospinal 
fluid (CSF), following the use of a gadolinium chelate as the con-
trast medium. Here, we report a patient admitted to our emer-
gency room with an acute cerebral infarction, whose enhance-
ment brain MRI revealed high signal intensity in the CSF spaces 
on follow-up fluid-attenuated inversion recovery (FLAIR) im-
ages, which could have led to a misdiagnosis.

CASE REPORT

An 81-year-old woman was admitted to our emergency room 
with a 4-hour history of aphasia and right hemiparesis. Her 
medical history was significant for diabetes and hypertension, 
for which she was undergoing treatment. She underwent brain 
MRI with gadolinium-based contrast medium. During the study, 
30 mL of gadopentetate dimeglumine (Uniray, Dongkook Phar-
maceutical Co., Ltd, Seoul, Korea) was administered, to obtain 
perfusion MRI and contrast-enhanced neck MR angiography. 
Diffusion and perfusion MRI revealed multifocal acute infarc-
tions in the left frontal lobe, basal ganglia, and insular cortex, 
with diffusion-perfusion mismatch (Fig. 1A-C). Magnetic reso-
nance angiography revealed stenosis in the left M1 and M2 seg-
ments. At the time of admission, the patient had a creatinine 

A gadolinium-based contrast is the preferred agent when differentiating acute neu-
rological diseases. Since the renal route is the main pathway for excretion of gadolini-
um chelates, prolonged extracellular distribution of gadolinium has previously been 
reported in dialysis-dependent patients. Hence, gadolinium-based contrast agents 
are used cautiously in patients with known renal disease. Retention of gadolinium 
manifests as increased fluid-attenuated inversion recovery (FLAIR) signal intensity 
in the subarachnoid space, leading to diagnostic errors. Here, we describe a patient 
who presented to our emergency room with an acute cerebral infarction. Enhanced 
brain magnetic resonance imaging performed 2 days later revealed high signal inten-
sity in the cerebrospinal fluid spaces on follow-up FLAIR images.
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level of 2.66 mg/dL and an estimated glomerular filtration rate 
of 16.3 mL/min/1.73 m2. At our hospital, if there is a suspicion 
of acute cerebral infarction, MRI is performed before obtaining 
the creatinine test result; hence, we were unaware of the high 
creatinine level of the patient at the time of administering the 
contrast medium. Intra-arterial thrombectomy was attempted 
for a stenosis in the left middle cerebral artery, but recanalization 
of the vessel was not possible due to severe steno-occlusive le-

sions in both common femoral arteries. Therefore, the patient 
was admitted to the stroke unit for observation. Follow-up MRI 
performed 2 days later showed markedly increased signal inten-
sity in the CSF space on T1 weighted and FLAIR images (Fig. 
1D, E). Increased signal intensity was also present in the aque-
ous and vitreous humor of both eyes. Diffuse subarachnoid 
hemorrhage or meningitis were considered as the etiology, but 
neither was consistent with the clinical presentation. Subse-

Fig. 1. An 81-year-old woman with acute cerebral infarction. 
A. A diffusion-weighted image shows lesions with diffusion restriction in the left basal ganglia. 
B. Perfusion–weighted magnetic resonance imaging shows increased time to peak in left middle cerebral artery territory, suggesting acute infarc-
tion with perfusion-diffusion mismatch. 
C. Fluid-attenuated inversion recovery image shows multifocal hyperintense lesions in the left basal ganglia and insular cortex, but normal signal 
intensity in the cerebrospinal fluid spaces.
D, E. Two-day follow-up axial fluid-attenuated inversion recovery images (D, E) show high signal intensity in the bilateral eye globes, subarach-
noid spaces, and ventricular system.
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quently, we considered the possibility that presence of gadolin-
ium in the CSF was caused by decreased renal function, due to 
which the contrast agent could not be cleared from the extra-
cellular compartment and was excreted into the CSF spaces. At 
follow-up examination, the patient’s creatinine level had in-
creased to 3.52 mg/dL, and her estimated glomerular filtration 
rate had decreased to 11.6 mL/min/1.73 m2. Dialysis to reduce 
her serum creatinine level was planned, but the patient suc-
cumbed to multiorgan failure before this could be commenced.

DISCUSSION

Gadolinium chelates are generally considered safe and are wide-
ly used as contrast agents for MRI. Increased use of contrast-en-
hanced MRI has generated more interest in the side effects caused 
by contrast agents. Patients with renal dysfunction are more likely 
to experience toxicity than those with normal renal function, 
because of their decreased ability to eliminate gadolinium. Fur-
ther, several reports on the accumulation of gadolinium in pa-
tients with renal insufficiency, have presented the presence of 
high signal intensity in the CSF spaces on FLAIR images (1-3). 

Gadolinium is an extracellular contrast medium, and its elim-
ination is mainly via the glomerular route, which is likely to be 
affected by renal impairment (4). In patients with normal renal 
function, the mean half-life of gadolinium was reported to be 
1.5 hours, but increased to 34.3 ± 22.9 hours in patients with 
severe renal insufficiency who received gadolinium 0.1 mmol/
kg (4). Another paper reports a patient with renal impairment, 
in whom the contrast medium was retained for more than 2 
weeks after injection (3). A prolonged elevated concentration 
increases the availability of gadolinium in plasma (2), and its 
persistence in the circulation leads to release of free gadolinium. 
This free gadolinium has been reported to cause neurotoxicity 
(5). The mechanism via which gadolinium enters the CSF spac-
es remains unclear. The choroid plexus in the brain and ciliary 
body of the eye contain fenestrated capillary endothelium that 
could be the entry site for contrast medium (2). This may ex-
plain why FLAIR hyperintensity was observed in both ocular 
globes in our patient. Further, circumventricular organs, includ-
ing the pineal body, neurohypophysis, and area postrema, nor-
mally lack tight junctions in their capillary epithelium, and allow 
gadolinium-based contrast medium to cross the blood-brain 

barrier via an osmotic gradient (2). Resolution of the increased 
signal intensity in the CSF after dialysis suggests that impaired 
renal functions can result in the accumulation of gadolinium.

Since FLAIR high signal intensity in the CSF could also indi-
cate other afflictions, such as subarachnoid hemorrhage, menin-
gitis, hyperoxygenation therapy, CSF flow artifact, and motion 
artifact (6), it could be a source of diagnostic confusion. Retention 
of gadolinium should be considered as a cause of high FLAIR 
signal intensity in patients with renal failure. A gradual decrease 
in renal function is helpful in differentiating from other diseas-
es, such as hemorrhage, infection, and hyperoxygenation thera-
py. T2* gradient–recalled echo imaging (particularly suscepti-
bility weighted image) could be helpful to exclude hemorrhage. 
T1-weighted image is also helpful to differentiate gadolinium 
from other neurologic diseases, because of the T1 shortening ef-
fect of gadolinium. If accumulation of gadolinium is confirmed, 
it should be removed by peritoneal dialysis or hemodialysis (2).

The major limitation of our study is the lack of inclusion of a 
mass spectrometry or CSF study to demonstrate changes in gad-
olinium levels in the serum and CSF. The correlation between 
MRI findings and these indices need to be further investigated. 
Recognition of these unusual features of gadolinium retention 
may prevent diagnostic errors and unnecessary additional di-
agnostic examinations to exclude other causes of increased CSF 
signal intensity (2). Immediate dialysis is recommended for pa-
tients who are found to have renal insufficiency after MRI of the 
brain using contrast medium.
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뇌척수액 내에 가돌리늄 잔존과 신장기능 저하: 증례 보고

박경식 · 허영진* · 정해웅 · 백진욱 · 추혜정 · 정천식

뇌 MRI에서는 급성 신경계 질환들의 감별하는 경우에 Gadolinium 기반 조영제의 사용이 선호된다. 신장 경로가 가돌리늄 

킬레이트의 배설을 위한 주요 경로이며, 투석을 하는 환자에서 가돌리늄의 오랜 세포 외 분포는 이전에 보고되었다. 따라

서 Gadolinium 기반 조영제는 알려진 신장 질환이 있는 환자에게서는 조심스럽게 사용된다. 가돌리늄의 축적은 지주막 공

간에서 유체 감쇠 반전 회복 신호 강도가 증가하여 진단적 오류를 일으킬 수 있다. 본 증례 보고에서는 급성 뇌경색으로 

응급실에 내원하여 조영증강 뇌 MRI를 시행한지 2일 후에 유체 감쇠 반전 회복 영상에서 뇌척수액 공간의 신호증가를 보

였던 환자를 보고하고자 한다.
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