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Increased Signal in the Subarachnoid Space on
Fluid-Attenuated Inversion Recovery Imaging
Associated with the Clearance Dynamics of
Gadolinium Chelate: A Potential Diagnostic Pitfall

J.M. Morris
G.M. Miller

BACKGROUND AND PURPOSE: Hyperintense CSF in the subarachnoid space (SAS) on fluid-attenuated
inversion recovery (FLAIR) imaging has been reported in numerous pathologic conditions, including
subarachnoid hemorrhage, meningitis, meningeal carcinomatosis, superior sagittal thrombosis, adja-
cent tumors, status epilepticus, and stroke. It has also been reported in otherwise healthy patients
undergoing anesthesia with supplemental oxygen. We present a series of 11 patients with hyperin-
tense CSF signal intensity in the SAS on FLAIR imaging after previous administration of gadolinium
chelate.

MATERIALS AND METHODS: Head MR images of patients who had a prior gadolinium-enhanced body,
spine, or brain MR imaging and who had increased signal intensity in the SAS on FLAIR images were
prospectively and retrospectively reviewed. Correlation was made with the clinical and laboratory
findings.

RESULTS: Eight of the 11 patients had negative findings on lumbar punctures. Seven patients had
either chronic renal insufficiency or acute renal failure, but the remaining 4 had normal renal function.
Nine patients had no other significant intracranial abnormalities, and 2 patients had acute infarcts
remote from the CSF hyperintensity. One patient had follow-up studies at 24 and 48 hours, docu-
menting resolution of the CSF hyperintensities.

CONCLUSION: Given the sharp rise in volume of contrast-enhanced MR imaging studies, it is inevitable
that some patients will have undergone a contrast-enhanced MR imaging 24–48 hours before an MR
imaging of the brain. The neuroradiologist should be aware that previous administration of gadolinium
chelate can cause increased signal intensity in the SAS on FLAIR imaging in patients with or without
a history of renal insufficiency and without abnormalities known to disrupt the blood-brain barrier.

Fluid-attenuated inversion recovery (FLAIR) is routinely
used in brain imaging due to its high lesion-to-tissue con-

trast from T2 prolongation with nulling of normal CSF back-
ground. It is known to be particularly sensitive for pathologic
entities that affect the CSF in the subarachnoid space (SAS).
Increased signal intensity in the SAS on FLAIR imaging has
been described in numerous conditions, including subarach-
noid hemorrhage,1,2 meningitis,1,3-5 stroke,1,6-8 meningeal
carcinomatosis,9 leptomeningeal metastasis,10 subdural he-
matoma,11 adjacent neoplasms,1,12 dural venous thrombo-
sis,13 and status epilepticus.14 It has also been described as a
diagnostic pitfall in patients undergoing an MR imaging with
supplemental oxygen15 and in those patients who have previ-
ously received iodinated contrast material.16 It can be seen as a
susceptibility artifact if there is adjacent metal. A few case re-
ports have described increased signal intensity in the SAS on
FLAIR imaging in patients with renal failure who had previ-
ously received gadolinium.17-19 These findings have also been
described in vitro and in animal models.20 No reports to date

have reported these findings in patients with normal renal
function absent intracranial pathology.

Materials and Methods
We retrospectively and prospectively identified patients who under-

went MR imaging of the brain and had a prior gadolinium-enhanced

body, spine, or brain MR imaging. Patients with increased signal in-

tensity in the SAS on FLAIR imaging were then reviewed. Patient

characteristics, including age, renal function, milliliters per kilogram

and rate of gadolinium administered, use of supplemental oxygen

during the MR imaging, and any associated intracranial pathology,

were then correlated with the MR images. Correlation was also made

with the patients’ clinical and laboratory findings, including lumbar

puncture.

Results
Eleven patients were identified with increased signal intensity
in the SAS on FLAIR imaging who had been administered
gadolinium between 1 and 6 days before their scanning (Figs
1–3). No patient received supplemental oxygen or was receiv-
ing steroids at the time of imaging. One patient had follow-up
studies at 24 and 48 hours documenting resolution of the CSF
hyperintensities (Fig 4). After the findings were reported, 8 of
the 11 patients had lumbar punctures performed emergently
and were negative for subarachnoid hemorrhage, infection, or
malignant cells. Three patients had mildly elevated protein in
their CSF (patients 3, 4, and 6; Table); however, this was not
high enough to produce increased signal intensity in the SAS
on FLAIR.21
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Seven patients had either chronic renal insufficiency or
acute renal failure, but the remaining 4 had normal renal
function (Table). Nine patients had no other significant
intracranial abnormalities seen on MR imaging. Postgado-
linium T1-weighted imaging did not show corresponding
enhancement in the SAS. Two patients had acute infarcts
remote from the hyperintensity seen in the SAS on FLAIR
imaging (Fig 3). The age range of the patients was 21– 87
years. The rate of gadolinium administered varied between
1 and 2 mL/s, with total doses ranging from 20 to 60 mL/s.
The average length of time between gadolinium adminis-
tration and the increased signal intensity in the SAS seen on
FLAIR was 2 days (range, 1– 6 days), with the patients with
normal renal function at the lower end of the spectrum.
One patient had known prostate cancer. No other patient
had a known malignancy, and none were found to have
leptomeningeal metastasis or carcinomatosis.

Discussion
During the past decade, multiple investi-
gators have shown FLAIR imaging to be
sensitive but not specific in demonstrat-
ing varied pathologies involving the SAS,
such as subarachnoid hemorrhage, men-
ingitis, stroke, meningeal carcinomatosis,
leptomeningeal metastasis, subdural he-
matoma, adjacent neoplasm, dural ve-
nous thrombosis, and status epilepti-

cus.1-14 This relies on the fact that FLAIR imaging is designed
to null the normal CSF signal intensity, and any alteration in
the CSF results in an increased signal intensity in the CSF.
Postgadolinium FLAIR imaging has also shown hyperinten-
sity in the SAS in patients with pathologies that are not specific
to the SAS but rather disrupt the blood-brain barrier.22,23 Al-
ternatively, increased signal intensity in the SAS can be a diag-
nostic pitfall in patients receiving supplemental oxygen15 dur-
ing MR imaging of the brain, in patients with renal
insufficiency who have previously received gadolinium,17-19,23,24

and in patients immediately after carotid stent placement.25

Gadolinium has also been reported to diffuse across the cho-
roid plexus and uveochoroid membrane in patients with im-
paired renal function, resulting in increased signal intensity in
the ventricular system and in the vitreous and aqueous humor
of the eye on FLAIR imaging.18

This CSF hyperintensity in the SAS and ventricles after
prior administration of gadolinium has not been previously

Fig 1. A 74-year-old man with normal renal function who underwent a gadolinium-enhanced MR imaging of the head and MR angiography (MRA) of the neck because of a transient ischemic
attack and who had a follow-up head MR imaging the next day. A, Normal MRA findings of the neck. B, Precontrast axial FLAIR image shows no signal intensity in the SAS on the date
of the gadolinium administration. C, Repeat noncontrast coronal FLAIR image 24 hours later shows increased signal intensity in the SAS. The patient had an emergent lumbar puncture,
which was negative for subarachnoid hemorrhage, infection, or malignant cells.

Fig 2. A 21-year-old man with chronic renal insufficiency who
underwent gadolinium-enhanced MRA of the abdomen fol-
lowed by MR imaging of the brain 6 days later to rule out
causes of syncope. A, Normal findings on abdominal MRA. B,
Precontrast FLAIR image shows diffuse increased signal in-
tensity in the SAS 6 days after the gadolinium injection. The
patient had an emergent lumbar puncture, which was as
negative for subarachnoid hemorrhage, infection, or malig-
nant cells.
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Fig 3. An 81-year-old man with normal renal function who underwent a triple-dose (60 mL) 3D MRA of the spine to exclude a dural arteriovenous fistula, followed by MR imaging of the
brain 24 hours later for a syncopal episode. Upper thoracic (A) and thoracolumbar (B ) spinal MRA images demonstrate no evidence of a dural arteriovenous fistula. C, Precontrast FLAIR
image shows increased signal intensity in the SAS and in the lateral ventricles 24 hours after gadolinium injection. The patient returned to the department and was imaged a second time
due to the T2 spin-echo appearance to ensure that there was not a technical error in the initial FLAIR sequence and was found to have similar results.

Fig 4. A 79-year-old man with normal renal function evaluated for a transient ischemic attack. A, Precontrast axial FLAIR image shows no abnormal signal intensity in the SAS. B, Forty-eight
hours postgadolinium injection, repeat MR imaging shows diffuse increased signal intensity in the subarachnoid space (SAS) on coronal FLAIR images due to delayed clearance of the
gadolinium chelate. C, Repeat MR imaging 72 hours postgadolinium injection shows resolution of the increased signal intensity in the SAS.

Patient characteristics and time interval between gadolinium administration and increased signal in the subarachnoid space on FLAIR

Patient
No. Age (yr)

Intervala

(days)
Gadolinium

(mL/kg)
Creatinine Level

(mg/dL) Lumbar Puncture Other Pertinent Findings
1 74 2 0.82 4.4 Negativeb Minimal leukoaraiosis
2 21 6 0.42 4.1 Negative None
3 73 6 0.27 4.4 CSF protein 50 mg/dL,

otherwise negative
Acute occipital infarct

4 70 1 0.35 2.5 CSF protein 154 mg/dL,
otherwise negative

Old infarction frontal lobe, tiny anterior
meningioma without mass effect

5 79 1 0.24 2.4 No CSF collected Right PCA infarct, prostate metastasis
to the clivus

6 81 1 0.61 1.5 CSF protein 108 mg/dL Minimal leukoaraiosis
7 74 1 0.31 1.0 Negative None
8 68 1 0.43 0.9 No CSF collected Right carotid occlusion with chronic

watershed infarct
9 79 1 0.63 1.0 Negative Old lacunar infarcts
10 65 2 0.52 1.2 Negative None
11 56 2 0.40 2.3 Negative None

Note:—PCA indicates posterior cerebral artery.
a Between gadolinium administration and increased signal in the subarachnoid space on FLAIR.
b For subarachnoid hemorrhage, infection, or malignant cells.
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reported in patients with normal renal function without intra-
cranial pathology that would otherwise cause a disruption in
the blood-brain barrier. To our knowledge, this is the largest
series to date of patients with increased signal intensity in the
SAS after previous administration of gadolinium.

The direct mechanism by which CSF diffuses into the SAS
in patients with or without renal insufficiency is not entirely
known. It is postulated that in patients with renal insuffi-
ciency, the gadolinium may move across an osmotic gradient
at the circumventricular organs in the setting of prolonged
elevation of plasma concentrations,18 because it is primarily
cleared through glomerular filtration.26

The normal half-life (t 1⁄2) of gadolinium chelates is 1.6
hours.26 Although patients with normal serum creatinine lev-
els and renal function should not have prolonged clearance of
gadolinium chelates, in those patients with renal insufficiency
(glomerular filtration rate [GFR] �20 mL/min), the t 1⁄2 can
increase up to 30 hours.27 Although the reported rate of gad-
olinium neurotoxicity in patients with renal insufficiency is
�1%,28 this may, in fact, be higher than previously thought. It
has been reported that the clinical correlation of increased
signal intensity in the SAS on FLAIR imaging in patients with
renal insufficiency also appears not to be associated with clin-
ical neurotoxicity.11 This is likely not the case, given the re-
ports of gadolinium-induced nephrogenic fibrosing dermop-
athy (NFD)29 and gadolinium-induced encephalopathy.19 For
these very reasons, in our institution, we have recently insti-
tuted withholding gadolinium in patients with a GFR of less
than 15 mL/min.

Conclusion
Given the sharp rise in volume of contrast-enhanced MR im-
aging studies, it is inevitable that some patients will have un-
dergone contrast-enhanced MR imaging 24 – 48 hours before
MR imaging of the brain. The neuroradiologist should be
aware that delayed gadolinium chelate clearance can cause in-
creased signal intensity in the SAS on FLAIR imaging in pa-
tients with or without a history of renal insufficiency and with-
out abnormalities known to disrupt the blood-brain barrier.
Although this represents a diagnostic pitfall, this finding could
be clinically relevant in regards to encephalopathy and NFD.
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