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Abstract The fluid-attenuated inversion recovery (FLAIR) sequence forms part of the vast
majority of current diagnostic protocols for brain MRI. This sequence enables the suppression of
the signal from cerebrospinal fluid, facilitating the detection of disease involving the subarach-
noid space. The causes of hyperintensity in the arachnoid space in this sequence can be divided
into two main categories: hyperintensity due to disease and hyperintensity due to artifacts.
Hyperintensity due to tumors, inflammation, vascular disease, or hypercellularity of the cere-
brospinal fluid or hematic contents is well known. However, numerous other non-pathological
conditions, mainly due to artifacts, that are also associated with this finding are a potential
source of diagnostic errors.

© 2022 SERAM. Published by Elsevier Espana, S.L.U. All rights reserved.

Hiperintensidad en secuencia FLAIR del LCR en el espacio subaracnoideo:
diagnosticos diferenciales

Resumen La secuencia fluid attenuated inversion recovery (FLAIR) forma parte hoy en dia
de la gran mayoria de protocolos diagnosticos de RM cerebral. Esta secuencia de inversion-
recuperacion permite una supresion de la sefal del liquido cefalorraquideo, lo que facilita la
deteccion de enfermedad que afecta al espacio subaracnoideo. Las causas de hiperintensi-
dad del liquido cefalorraquideo en esta secuencia pueden subdividirse en 2 grandes grupos,

Abbreviations: CNS, Central nervous system; CSF, Cerebrospinal fluid; DLGT, Diffuse leptomeningeal glioneuronal tumour; DWI, Diffusion-

weighted imaging; FLAIR, Fluid-attenuated inversion recovery; HaNDL, Headache and Neurological Deficits with cerebrospinal fluid
Lymphocytosis; LVM, Leptomeningeal venous malformation; SAH, Subarachnoid haemorrhage; SAS, Subarachnoid space; SWI, Susceptibility-
weighted imaging; TE, Echo time; Tl, Inversion time; TR, Repetition time.
* Corresponding author.
E-mail address: mirandabautistajuan@gmail.com (J. Miranda Bautista).

2173-5107/© 2022 SERAM. Published by Elsevier Espafa, S.L.U. All rights reserved.


https://doi.org/10.1016/j.rxeng.2022.01.003
http://www.elsevier.es/rx
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rxeng.2022.01.003&domain=pdf
mailto:mirandabautistajuan@gmail.com

Radiologia 66 (2024) 78-89

las patologicas y las debidas a artefactos. Son bien conocidas la etiologia tumoral, la inflam-
atoria, la vascular o las debidas a hipercelularidad del liquido cefalorraquideo o a ocupacion
por contenido hematico. Sin embargo, existen numerosas condiciones no patoldgicas, principal-
mente debidas a artefactos, que se relacionan con este hallazgo constituyendo una potencial

fuente de errores diagnosticos.

© 2022 SERAM. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

Key points

1.

Figure 1

. Contrast-enhanced-FLAIR

The importance of FLAIR imaging today requires radiolo-
gists to be familiar with the various pathological causes
of hyperintensity in the subarachnoid space. Analysis of
the distribution and other associated findings may help
to elucidate its aetiology.

. Increased signal in the subarachnoid space on FLAIR

imaging may be due to the presence of hyperpro-
teic content, haematic content or increased cellularity,
either due to lymphocytosis, or inflammatory or tumoural
in nature.

In some cases, the increased signal displayed is not a
pathological finding, but rather is due to artefacts, which
must be taken into account to avoid potential diagnostic
errors.

. The long inversion time gives the FLAIR sequence a cer-

tain degree of T1 weighting, which facilitates assessment
of intravenous contrast enhancement of certain lesions,
despite being highly T2-weighted.

imaging differentiates
between vascular structures and true leptomeningeal
lesions, as this sequence does not show uptake of
cortical veins, unlike contrast-enhanced T1 sequences,

which is particularly relevant in patients with suspected
meningitis or leptomeningeal carcinomatosis.

Introduction

Anatomical reminder: the subarachnoid space

The subarachnoid space (SAS) is the extra-axial space
between the deep pia mater and the superficial arachnoid,
both known as the leptomeninges (Fig. 1). It contains cere-
brospinal fluid (CSF), vascular channels and cranial nerves,
as well as a thin web of connective tissue that it supports.
In the convolutions of the cerebral convexity, where the
two membranes are in close proximity, this space is very
narrow, almost non-existent. However, in the sulci and in
the basal cisterns, the arachnoid is distant from the brain
parenchyma, accompanying the dura mater. As such, the SAS
is enlarged and becomes visible in the various imaging tests.

FLAIR magnetic resonance imaging

The fluid-attenuated inversion recovery (FLAIR) sequence
is a magnetic resonance imaging (MRI) sequence with long
repetition times (TR) and echo times (TE) using an inversion-
recovery pulse (Fig. 1). With an initial inversion pulse of 180°

FLAIR SEQUENCE

90°

Anatomical illustration of the subarachnoid space and meningeal layers (A). FLAIR sequence acquisition diagram (B). By

applying an initial inversion pulse of 180° and using a long Tl prior to the initial excitation pulse of 90°, the signal of structures that
have a long relaxation time, such as the CSF, can be suppressed. FLAIR: fluid-attenuated inversion recovery; TE: echo time; Tl:
inversion time; 1: superior sagittal sinus; 2: emissary and diploic veins; 3: pial cerebral veins; 4: skull; 5: dura mater; 6: arachnoid
granulations; 7: interhemispheric fissure; 8: subarachnoid space; 9: sulci of the cerebral convexity; 10: cerebral white matter; 11:
cerebral grey matter.

Courtesy of Dr Javier Lafuente Martinez.
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Table 1 Summary table of the main causes of signal hyperintensity in the subarachnoid space on FLAIR imaging.
Group Cause Condition
Pathological Non-tumour-related hypercellularity HaNDL

Inflammatory Meningitis

Vascular LVM, Moyamoya, stroke

Blood SAH

Tumoural Carcinomatosis, gliomatosis, leptomeningeal

Due to artifacts Oxygen therapy
Pulsatility

Magnetic susceptibility

lymphomatosis and melanocytosis, DLGT
Recent oxygen administration

Vascular, CSF, eye movements

Metallic material (foreign body, implants,
prostheses)

CSF: cerebrospinal fluid; DLGT: diffuse leptomeningeal glioneuronal tumour; HaNDL: Headache and Neurological Deficits with cere-
brospinal fluid Lymphocytosis; LVM: leptomeningeal venous malformations; SAS: subarachnoid haemorrhage.

Figure 2
FLAIR MRI (B) one month later, these findings disappeared.

and a sufficiently long inversion time (TI) (around 2000 ms)
prior to the initial excitation pulse of 90°, the CSF signal is
suppressed in the resulting images.' The brain parenchyma
shows intensity values superimposable on those of the T2
sequence, with the grey matter being more hyperintense
than the white matter.

One of its main applications is the assessment of subtle
changes occurring in the brain parenchyma close to or in
contact with CSF, such as the grey matter on the periphery
of the hemispheres or the periventricular white matter.

Although the resulting FLAIR images are highly enhanced
on T2, the long Tl conditions a certain degree of
enhancement on T1. This makes it possible to assess the
enhancement of lesions or anatomical structures with this
sequence when paramagnetic intravenous contrast is admin-
istered beforehand.?

One of the most widely accepted uses of this
contrast-enhanced FLAIR sequence is to differentiate
between vascular structures and true leptomeningeal
lesions when contrast-enhanced T1 images are inconclu-
sive, since the FLAIR sequence does not identify cortical
vein uptake that can be confused with pathological lep-
tomeningeal enhancement, which is especially relevant
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HaNDL. Axial FLAIR image (A) showing faint hyperintensity in the occipital paramedian sulci (arrows). In the control SPIR

in patients with suspected meningitis or leptomeningeal
carcinomatosis.?

Causes of FLAIR hyperintensity in the SAS

CSF hyperintensity in the SAS on the FLAIR sequence is a non-
specific finding in itself that has been described in numerous
entities that can be divided into two large groups (Table 1):

- Pathological: which include aetiology due to CSF
hypercellularity (HaNDL [Headache and Neurologi-
cal Deficits with cerebrospinal fluid Lymphocytosis]),
inflammatory aetiology (meningitis), vascular aetiology
(leptomeningeal venous malformation, Moyamoya dis-
ease or in hypoperfusion in stroke), aetiology due to
occupation by haematic content (subarachnoid haem-
orrhage [SAH]) or tumoural aetiology (carcinomatosis,
leptomeningeal melanosis and diffuse leptomeningeal
glioneuronal tumour).

- From artefacts: in patients receiving supplemental oxy-
gen, from eye, CSF or vascular pulsatility movements, or
from magnetic susceptibility artefacts induced by metal-
lic material (e.g. dental implants) or by adjacent bony
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Figure 3

Cryptococcal meningitis. Patient with HIV infection. FLAIR sequence (A) shows a faint signal enhancement adjacent to

the cerebellar folia, more evident in FLAIR sequence with intravenous contrast (IVC) (B) and difficult to visualise in T1 with IVC and

magnetisation transfer.

Figure 4 Moyamoya disease. 60-year-old woman with stenosis of major intracranial vessels, with Moyamoya pattern. Cranial CT
scan without IVC (A) shows small ischaemic lesions (black arrow) of undetermined chronology in the subcortical border zone. FLAIR
images (B and C) show discrete linear signal hyperintensity in the adjacent convexity sulci (white arrows), reflecting the increased
pial collaterality. MRI angiography (D) confirms stenosis of the supraclinoid segment of the left internal carotid artery (ICA) and M1
segment of the left middle cerebral artery (MCA) (white arrow). CT angiography (E) also shows the proliferation of a deep vascular

network surrounding the stenosed segments (white arrow).

structures of the skull base. It is important to be aware
of this group so as not to confuse it with leptomeningeal
disease, which will lead to an error in the definitive diag-
nosis.

Pathological

Given the importance and routine use of the FLAIR sequence
today, radiologists should be familiar with the various patho-
logical causes of hyperintensity in the SAS. Analysis of the

81

distribution and other associated findings may help to eluci-
date its aetiology.

However, on many occasions there will be no other find-
ings to help us establish a definitive diagnosis, in which case
correlation with the clinical history and CSF analysis will be
necessary.

Generally speaking, the CSF signal in this sequence will
not be suppressed when other substances or structures are
present in the CSF (e.g. proteinaceous material, red blood
cells, inflammatory or tumour cells, slowed vascular flow in
ectatic vessels, etc.). This results in a prolongation of the
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Figure 5

Sturge-Weber syndrome. Extensive gyral and leptomeningeal calcification (black arrow) in the left parietal lobe, visu-

alised on cranial CT scan without IVC (A). Control MRI 5 years later (B-D): T2* FFE sequence (B) shows susceptibility artefact
(*) caused by calcifications; FLAIR sequence (C) and T1 after IVC administration show focal cortical atrophy, SAS hypersignal and
leptomeningeal enhancement (white arrow in D) in the sulci of the left parietal convexity, reflecting the leptomeningeal venous
malformation typical of this disease. Frontal hyperostosis and subtle cutaneous hyperintensity corresponding to the port-wine stain

on the left side (white arrow in C) are also seen.
Courtesy of Dr Lancharro Zapata and Dr Aguado del Hoyo.

T2 relaxation time or a shortening of the T1 relaxation time,
with consequent hyperintensity in this sequence.’

HaNDL

Headache with Neurological Deficits and CSF Lymphocyto-
sis (HaNDL) is characterised by bouts of pain, associated
with focal motor, sensory or language neurological symp-
toms and CSF lymphocytic pleocytosis. It is considered to
be a benign disorder due to its reversible and self-limiting
nature.’ Its aetiology is unknown, although the neurovas-
cular alterations that occur are very similar to those of
migraine, which is sometimes one of the clinical differential
diagnoses.

Neuroradiology plays a key role in cases where other more
serious diseases such as ischaemic stroke, meningitis or vas-
culitis cannot be ruled out due to the clinical presentation.
However, its utility in confirming the disease is minimal.
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Some of the signs described in this disease, all of them
non-specific, are: focal cerebral oedema, the finding of
hypoperfusion in temporo-occipital regions and the identifi-
cation of areas of FLAIR hyperintensity in the SAS (Fig. 2).*
Another more recently described sign, the decreased venous
signal in the symptomatic hemisphere shown on magnetic
susceptibility sequences, may be useful in the differential
diagnosis with migraine with aura, which by contrast shows
a prominence of venous structures on this sequence.’

Meningitis

The diagnosis of suspicion is primarily clinical, while confir-
mation is obtained by biochemical and cellular analysis of
CSF.

Imaging tests are relegated to the background, as in many
cases they show non-specific findings. However, brain MRI is
increasingly used to support this diagnosis. Some features
on imaging are®’:
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Figure 6

Subarachnoid haemorrhage (SAH). The CT image shows a faint hyperdensity in the left superior frontal and left parieto-

occipital sulci (arrows) in relation to non-traumatic SAH (A). The haematic content of the superior frontal and prerolandic sulci
produces a susceptibility hypointensity in the T2*FFE sequence (B) and a hyperintensity in the FLAIR sequence (C). No enhancement
on T1 sequence with IVC (D). No aneurysms or vascular anomalies were found on digital subtraction angiography.

- Leptomeningeal inflammation (Fig. 3) in the form of
nodular or linear and focal or diffuse contrast uptake in
the SAS, due to a rupture or altered permeability of the
blood-brain barrier.

- Areas of hyperintensity on FLAIR or diffusion-weighted
imaging (DWI) in the SAS, resulting from pathological
deposition of protein content and increased cellularity.

- Cerebritis resulting from contiguous inflammatory
changes in the adjacent parenchyma and development
of intra-axial (brain abscess) or extra-axial (empyema)
collections.

In recent years, an intravenous contrast-enhanced 3 D-
FLAIR sequence has been included in meningitis protocols
because it has shown greater sensitivity in detecting involve-
ment of the SAS than gadolinium-enhanced T1-weighted
imaging and a greater ability to differentiate between true
pathological contrast uptake and enhancement of a pial vas-
cular structure.??

Moyamoya disease

This is a non-atherosclerotic idiopathic cerebral vasculopa-
thy characterised by progressive stenosis of the intracranial
segment of the internal carotid arteries and their terminal

branches, usually bilateral, with a consequent reduction in
oxygen supply to the brain. In an attempt to compensate for
this deficit, a proliferation of a network of anomalous col-
lateral vessels occurs. It is called Moyamoya syndrome when
there are certain associated pre-existing conditions, such
as sickle cell anaemia, neurofibromatosis type 1, Down’s
syndrome, etc.

Imaging tests reveal vascular stenoses and in many cases
generalised brain atrophy and infarcts in border territories
by haemodynamic mechanism secondary to the stenoses.
Cerebral neovascularisation will be responsible for other
findings:* 2

- vy sign: identified in 80% of symptomatic Moyamoya
patients and 30% of asymptomatic patients.'® It is a mean-
dering hyperintensity in the sulci on FLAIR imaging (Fig. 4)
and on contrast-enhanced T1 sequences, where it is eas-
ier to detect. This sign is an indicator of the dynamic
state of the leptomeningeal collaterals and a predictor
of Moyamoya disease, especially in those diseases that
predispose to its development. It is caused by slowed
flow in the engorged pial collaterals, which, from less
affected regions, attempt to irrigate the hypoperfused
territory.'%"
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Figure 7

Leptomeningeal carcinomatosis. Patient with a history of lung cancer with signs of leptomeningeal dissemination with

signal hyperintensity in bilateral frontoparietal convexity sulci on FLAIR imaging (A), which show enhancement with intravenous
contrast in both the FLAIR sequence with contrast (B) and in gadolinium-enhanced T1 with magnetisation transfer (arrow in C).
Secondary leptomeningeal melanosis. Patient with metastatic melanoma with signs of bilateral leptomeningeal infiltration on SPIR
FLAIR images (arrows in D) and with areas of leptomeningeal uptake on FLAIR (E) and gadolinium-enhanced T1-weighted sequences

with magnetisation transfer (F).

- Prominent medullary veins and small foci of microbleed-
ing in deep regions.

- Transdural collateral arteries from branches of the mid-
dle meningeal artery.

The term Moyamoya pattern or phenomenon is an
angiographic concept in which multiple entities, whether
congenital or acquired, can cause progressive stenosis of
the distal end of the internal carotid artery with subsequent
development of leptomeningeal collateral vessels, including
Moyamoya disease.'"'?

Leptomeningeal venous malformation (LVM)

This is a manifestation that is categorised as a cerebrofacial
venous metameric syndrome,'>'* in which patients develop
a constellation of venous vascular malformations in the soft
tissue, bone, dura mater and nerve structures, including
the brain and eyeball. Within this group, Sturge-Weber syn-
drome is the best known and is characterised by the triad of
leptomeningeal venous malformations, port-wine stainfacial
capillary malformation and sometimes ipsolateral glaucoma,
which are the defining criteria of this disease.’

For treatment planning and follow-up, the diagnosis
of glaucoma and intracranial involvement, even if asymp-
tomatic, is essential in at-risk patients.''®

LVM is a vascular malformation dysplasia of superficial
veins showing slowed flow and reminiscent of Moyamoya dis-
ease on imaging (Fig. 5), although with a different pattern of

involvement and pathophysiology. The most specific direct
sign is fine gyral enhancement on gadolinium-enhanced T1
sequences. However, this enhancement is not always present
and in early stages of the disease other more subtle, indi-
rect findings should be sought, which may be suggestive of
LVMZ13_16

- Hyperintensity on FLAIR imaging in the convexity sulci.

- Inversion of intensity values in the underlying white mat-
ter on both T1- and T2-weighted sequences.

- Hypertrophic choroid plexus, with debate as to whether
this is due to a venous vascular malformation or secondary
to an attempt to compensate for diminished venous
return.

- Retinal venous vascular malformation that can lead to
glaucoma.

As the disease progresses, leptomeningeal uptake
decreases and atrophy of the affected hemisphere and gyral
calcifications exhibiting tram trackdppearance underlying
the location of the LVMs, best assessed by CT, appear. In
addition, the prevalence of venous occlusion, thrombosis
and vascular steal phenomena that favour the development
of gliosis and parenchymal malignancy increases.'®!”

Subarachnoid haemorrhage (SAH)
In imaging tests (Fig. 6), acute SAH is difficult to detect
in T1- or T2-weighted sequences, with the FLAIR sequence
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Figure 8

Secondary leptomeningeal lymphomatosis by contiguity. The FLAIR image (A) shows hyperintensity in the sulci between

the cerebellar folia (arrow) due to leptomeningeal infiltration contiguous to a cerebellar lymphomatous mass showing intense
enhancement on the gadolinium-enhanced T1-weighted sequence (B) and diffusion restriction (C). Leptomeningeal involvement
shows uptake in the T1-weighted sequence after Gd administration (D).

demonstrating a higher sensitivity, as high or higher than
CT, especially in the subacute phase and in anatomical sites
difficult to assess by CT, due to beam hardening artefacts
such as the posterior fossa.'®'® Moreover, haemoglobin and
haemosiderin degradation products condition susceptibil-
ity artefacts in T2* gradient-echo sequences and magnetic
susceptibility sequences such as susceptibility-weighted
imaging (SWI) that help characterise foci of chronic SAH
(superficial haemosiderosis).

Nevertheless, CT and CT angiography, together with clin-
ical suspicion and lumbar puncture for CSF analysis, remain
the modalities of choice for the diagnosis of SAH and its pos-
sible causes, with MRI being relegated to a secondary role if
the initial scan is inconclusive or for differential diagnosis.

Leptomeningeal carcinomatosis

Leptomeningeal metastases occur from the spread of a
tumour to the CSF, arachnoid or pia mater in approximately
5-8% of cancer patients. They are most common in lung
cancer, breast cancer and melanoma, but also occur in
tumours of the central nervous system (CNS) with dissem-
ination through the CSF, characteristic of such conditions as
medulloblastoma and ependymoma.

Imaging tests are unequivocally useful for their detec-
tion, especially as they are often asymptomatic patients and
CSF cytology has a significant percentage of false negatives.
The main findings are:?%?'
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- Hyperintensity in FLAIR (Fig. 7) and in DWI with low
apparent diffusion coefficient (ADC) values in the SAS,
similar to that explained in the case of meningitis, mainly
due to increased tumour cellularity and protein content.

- Nodular or linear, focal or diffuse thickening of the lep-
tomeninges, which will show up on T1 sequences after
intravenous contrast administration. As previously men-
tioned, the shortening of the T1 relaxation time exerted
by gadolinium can be exploited in contrast-enhanced
FLAIR sequences to better delineate carcinomatous
lesions. However, the added value of this technique
is open to much debate and its use is not yet stan-
dardised in protocols for patients with this diagnostic
suspicion. However, an intravenous contrast-enhanced 3
D-FLAIR sequence is now being included in carcinomatosis
protocols to help differentiate between true patholog-
ical contrast uptake or enhancement of a pial vascular
structure.®

- Non-resorptive hydrocephalus is not uncommon as a form
of disease onset and results from infiltration of the arach-
noid villi.

A rare condition, leptomeningeal melanocytosis (Fig. 7)
may show overlapping findings on MRI studies. It consists
of primary (originating in neuroectodermal tissue) or sec-
ondary (in patients with metastatic melanoma) neoplastic
proliferation of melanocytes in the pia mater or arachnoid
at any location in the CNS. Due to the paramagnetic proper-
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Figure 9

CSF pulsatility artifact. Axial FLAIR images show non-pathological CSF signal hyperintensity in the peribulbar (A), pre-

pontine (B) and suprasellar (C) cisterns. Magnetic susceptibility artifact. The CT image (D) shows a millimetre-sized foreign body
of metallic density in the subcutaneous cellular tissue (arrow) causing a magnetic susceptibility artefact on T2* gradient-echo
sequences (E) and a linear signal hyperintensity artefact on FLAIR (F) in the underlying subarachnoid space (arrow).

ties of melanin, the hyperintensity of lesions on T1-weighted
sequences can provide diagnostic guidance.?>%

Diffuse leptomeningeal glioneuronal tumour (DLGT)
This is a very rare entity with a very poor prognosis
defined by focal or diffuse neoplastic proliferation of
oligodendroglial-like cells with evidence of neuronal differ-
entiation in a subset of cases located in the meninges, with
no evidence of primary tumour in the CNS. Most are low-
grade lesions histologically, but in some cases anaplasia may
manifest.?*

Pre-mortem diagnosis is difficult. Some of its manifesta-
tions on imaging tests should be known since CSF cytology
for malignant cells is often negative:?4%

- Leptomeningeal enhancement on contrast-enhanced
sequences, particularly in the basal cisterns with exten-
sion to the surface of the brain and spinal cord.

- Focal or diffuse FLAIR signal hyperintensity in the SAS.

- Numerous, millimetric subpial cysts on the inferior sur-
face of the temporal and frontal lobes, posterior fossa
and spinal cord. It is thought that they may correspond to
dilated perivascular spaces.

- Non-resorptive hydrocephalus and signs of intracranial
hypertension.

Secondary leptomeningeal gliomatosis
Much more frequent than its primary counterpart, it consists
of contiguous infiltration of the meninges by glial tumour

cells from a primary CNS tumour and poses differential diag-
nosis problems in few patients.

Leptomeningeal lymphomatosis

Lymphoproliferative syndromes can also involve the
meningeal layers either primarily (primary leptomeningeal
lymphoma) or secondarily either by contiguity (Fig. 8) or
by haematogenous spread. Its imaging manifestations are
superimposable to other neoplastic processes affecting the
leptomeninges (carcinomatosis or gliomatosis).?°

Non-pathological (due to artifacts)

FLAIR images have several artefacts that can degrade image
quality and simulate disease.” Some of the most frequent
are as follows.

CSF pulsatility

CSF pulsation artefacts in inversion-recovery sequences are
a very common source of diagnostic error in brain MRI. The
pulsatile CSF flow gives rise to the influx of protons that
have potentially not received that inversion pulse, with con-
sequent failure of CSF signal suppression. This artefact is
especially common in the basal cisterns (Fig. 9) (prepon-
tine or pontocerebellar cistern) and in the third and fourth
ventricles, and less common and intense in the sulci of the
convexity where CSF flow is diminished.?”
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Figure 10  Oxygen therapy artifact. Patient who was receiving supplemental oxygen. The FLAIR sequence (A) shows a very faint
and diffuse increase in CSF intensity in the frontoparietal convexity sulci that disappeared in the control MRI after withdrawal
of oxygen therapy (B). Artefact due to vascular pulsatility. Pulsatility artefact in the cistern of the bulbocerebellar angle on the
left side (C), produced by the throbbing of the basilar artery, simulating a lesion. This image is not identified in the T1-weighted

sequence with IVC (D).

Magnetic susceptibility

Metallic foreign bodies (shrapnel, brackets, etc.) and bony
structures of the base of the skull (floor of the anterior
and middle cranial fossa) cause magnetic susceptibility arte-
facts in the form of hyperintensity in conventional FLAIR
sequences (Fig. 9), as well as a marked and more exten-
sive hypointensity that hinder the assessment of adjacent
structures.?’

The origin of these artefacts can be confused with patho-
logical findings, so it is advisable to consult previous CT
studies, which will often facilitate the detection of the
metallic material causing the artefact.

Oxygen therapy
Oxygen is a paramagnetic substance and its increase in CSF
will cause a reduction in T1 relaxation time. For this rea-
son, it is not uncommon to observe an increased CSF signal
on FLAIR imaging in patients receiving supplemental oxygen
(Fig. 10).%8

Many studies have shown that the diffusion of oxygen
from the blood to the CSF and the resulting signal hyper-
intensity are dependent on the delivery methods and the
concentration of inhaled O,. Higher fractions of inspired

oxygen (FiO;) will increase blood oxygen tension and sub-
sequently diffusion into the CSF.?°

Vascular pulsatility

Intracranial vessel pulsatility can generate motion artefacts
in FLAIR images. These are well-defined spectral images that
are projected onto the CSF and neighbouring anatomical
structures in the form of a hyperintensity that mimics the
size, shape and alignment of the responsible vessel, and
could be mistaken for CSF disease (Fig. 10). It is impor-
tant to mention that this artefact is not unique to the FLAIR
sequence or to intracranial vessels.?’

It has also been linked to spontaneous eye movements,
respiratory movements or heartbeat in cardio-MRI studies.
The distance between the false images is related to the TR
and the periodicity with which the movement is reproduced.

Conclusions

CSF hyperintensity in the SAS on FLAIR imaging can be found
in numerous entities with different clinical repercussions,
some pathological and some due to artefacts, of which the
radiologist should be aware. The reported clinical context,
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CSF analysis and other coexisting findings on MRI scan will
be helpful in arriving at a definitive diagnosis.
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