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ABSTRACT

SUMMARY: Abnormally decreased T2/T2 FLAIR signal can be seen on brain imaging of patients who are experiencing clinical or
subclinical seizures and can be associated with various intracranial pathologies. We identified 29 such patients. The abnormal
signal was unilateral in 75.9% of patients. It affected various lobes of the brain, but only in the anterior circulation. In 28
patients (96.6%), there was corresponding decreased signal on DWI. The ADC was normal in all cases. In 26 patients (89.7%),
there was corresponding low signal on SWI/gradient recalled-echo; 44.8% of patients underwent contrast-enhanced scans,
and there was no abnormal enhancement. Twenty-two (75.9%) patients had documented clinical seizures on the day of imag-
ing. The most frequent concomitant pathology was a subdural hematoma. Electroencephalograms obtained within 24 hours of
imaging were available in 65.5%. Findings of all of these electroencephalograms were abnormal, and these electroencephalo-
gram changes were either localized to the area of the abnormal MR imaging signal (where the signal was unilateral) or were
bilateral (where the MR imaging changes were bilateral). In summary, decreased white matter T2/T2 FLAIR signal changes can
be seen in patients with remarkably similar clinical findings (particularly seizures). These changes are often correlated with
abnormal electroencephalogram activity localized to the involved lobes.

ABBREVIATIONS: EEG 4 electroencephalogram; GRE 4 gradient recalled-echo

Much has been published on the abnormal MR imaging
appearances of the brain in patients experiencing acute

seizures.1 These articles have mainly focused on the more com-
mon descriptions of such changes, namely diffusion restriction
and T2 hyperintensity in the gray matter and/or subcortical white
matter.2,3 Transient cortical swelling or parenchymal enhance-
ment or both have also been described.

Less attention has been paid to decreased signal in the sub-
cortical white matter on T2-weighted and T2-weighted FLAIR
sequences. These changes have been described in various condi-
tions such as intracranial hypotension,4 head injury,5 encephali-
tis, meningitis, leptomeningeal disease,6 diffuse axonal injury,
and cortical ischemia7 and in patients with seizures.8 We report a
series of 29 patients with abnormally decreased T2 FLAIR signal

in the subcortical white matter. We describe their imaging
appearances, clinical and EEG findings, and follow-up.

MATERIALS AND METHODS
Case Selection
Using a natural-language processing search engine (mPower;
Nuance, Burlington, Massachusetts), we searched our radiology
data base from 2013 to 2019 for variations of the terms “T2 hypo-
intensity” and “FLAIR hypointensity.” This yielded .350 records;
these reports were then read to identify those patients with con-
firmed abnormal T2 FLAIR low-signal changes. Patient records for
each case were then retrospectively reviewed, and demographic,
clinical, and EEG features were noted. Specific clinical features
recorded included the primary CNS pathology (eg, subdural hema-
toma) and whether the patient was having active clinically evident
seizures on the day of imaging.

Imaging Acquisition and Analysis
All images were obtained at our institution on either 1.5T or 3T
scanners. Each study consisted of a minimum of a sagittal T1-
weighted, axial T2 FSE, and axial T2-weighted FLAIR, DWI, and
gradient recalled-echo (GRE)/SWI sequence (depending on the
scanner). Two neuroradiologists reviewed all scans in a consensus
analysis. The presence and location of abnormally decreased T2
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FLAIR signals were recorded, and the corresponding DWI and
GRE/SWI signals were analyzed.

RESULTS
Demographic Findings
Patient demographics, imaging, and clinical findings for the
cohort are summarized in the Table. Twenty-nine patients were

identified; 19 were men (65.5%). The median patient age was
49 years (range, 18–85 years).

Imaging Findings
Imaging findings are summarized in the Table. Hypointensity on
T2 and T2 FLAIR images was present in the subcortical white mat-
ter in all cases, with sparing of the overlying cortex (Figs 1–3). The
abnormal signal was bilateral in 7 cases (24.1%) and unilateral in
22 (75.9%). It was usually found in .1 lobe. In 6 cases (20.7%), it
was confined to the frontal lobe only; in 1 case (2.1%), to just the
parietal lobe; and in 1 case, to the occipital lobe alone. Overall, the
frontal lobe was the most common lobe involved (19 cases, 65.5%),
followed by the parietal (17%, 58.6%), temporal (16%, 55.2%), and
occipital (14%, 48.3%) lobes. The signal pattern was not seen in the
posterior fossa in any case. In 28 patients (96.6%), the areas of brain
with low T2 signal showed corresponding decreased signal on DWI
and increased DWI signal in none. The ADC findings were normal
in all cases. In 26 patients (89.7%), there was also corresponding
decreased signal on SWI/GRE sequences. Contrast was adminis-
tered in 13 scans (44.8%); none of the T2 hypointense signal areas
showed enhancement. There were no instances of T2 FLAIR hyper-
intense cortical signal.

Clinical Data
Twenty-seven patients were inpatients at the time of imaging
(93.1%), while the remaining 2 were imaged as outpatients
(6.9%). All clinical and imaging data are presented in the On-line
Table. All the inpatient MR imaging studies were performed
within 72hours of the initial clinical presentation. Twenty-two
patients (75.9%) had documented clinical seizures on the day of
imaging. Of those patients with seizures, 18 seizures were gener-
alized (81.8%), while the remaining 4 (18.2%) were focal. A fur-
ther 3 patients had a documented alteration in the level of
consciousness and were undergoing investigation for “possible
seizures.” Of the remaining patients, 1 patient had asymptomatic
signal changes adjacent to a meningioma, 2 patients developed a
subdural hematoma following a meningioma resection but were
also asymptomatic, and the remaining 2 patients had these signal
changes underlying an acute subdural hematoma and were, simi-
larly, clinically asymptomatic. The most frequent concomitant

Summary of imaging and clinical findings in patients with
abnormally decreased T2 signal

Findings
Demographics
Patients 29
Sex (male) 19 (65.5%)
Age (yr) 49 (range, 18–85)

Clinical information
Associated seizures 22 (75.9%)
Extrinsic compressive lesions 14 (48.3%)

Imaging findings
Laterality
Bilateral 7 (24.1%)
Unilateral 22 (75.9%)

Multiple lobes involved 21 (72.4%)
Frequency of involved lobes
Frontal 19 (65.5%)
Parietal 17 (58.6%)
Temporal 16 (55.2%)
Occipital 14 (48.3%)

EEG findings
Availability 19 (65.5%)
Laterality
Unilateral 12/12 Cases with MRI T2

changes unilateral
Bilateral 7/7 Cases with MRI T2

changes bilateral
Follow-up imaging
Availability 9 (31%)
Changes resolved 6 (66.6%)
Associated with
compressive lesion

4/6

Nonresolved/gliosis 3 (33.3%)
Associated with
compressive lesion

1/3

FIG 1. Patient admitted to the intensive care unit with persistent seizures 1 day after evacuation of a left-sided subdural hematoma. A, T2 FLAIR,
B, FSE T2, C, DWI, and D, GRE-weighted images. Note the decreased T2-weighted signal in the subcortical white matter of the left frontal and
parietal lobes on A and B, as well as the lack of corresponding diffusion restriction on C. D, GRE-weighted image shows there is subtle corre-
sponding decreased subcortical white matter signal change.
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pathology was a subdural hematoma (12 patients, 41.8%), and
the signal alterations were always found in the subjacent white
matter. Similarly, the signal abnormality was always found in the
white matter adjacent to compressed brain region in those cases of
meningioma. Overall, an extrinsic compressive lesion (eg, menin-
gioma, subdural hematoma) was present in 14/29 patients (48.3%).

Electroencephalograms (EEGs) obtained within 24 hours of
the MR imaging were available in 19 of the total cohort (65.5%),
including all patients who were having clinical seizures. In these
patients, abnormal EEG signal was found in all cases, and these
changes were localized to the side of the MR imaging abnormality
in 12/12 cases in which the MR imaging signal was unilateral.
The EEG showed bilateral abnormalities in the remaining 7
patients who had bilateral T2-hypointense changes. All inpatients
were receiving antiseizure medication at the time of MR imaging.
Two outpatients were taking antiseizure medication, while data
were unavailable for the remainder.

Follow-Up
Imaging follow-up was available in 9 patients (31%), at a median
of 18months (range, 1.25–72months). The changes had resolved in

6 of these patients (66.6% of this sub-
group), while 2 patients had persistent
decreased T2 FLAIR signal (at 18- and 5-
month follow-ups, respectively). One
patient had gliosis with volume loss on
follow-up imaging (performed at 18
months). Of those patients in whom the
changes resolved, 4/6 (66.6%) had an
extra-axial compressive lesion, which had
been removed or treated in the interval.
Conversely, 1 of the 3 patients in whom
the signal changes did not resolve or pro-
gressed to gliosis had a compressive lesion
which was treated.

DISCUSSION
We have described a series of patients
with remarkably similar imaging fea-
tures: All had areas of decreased T2
FLAIR signal in the subcortical white
matter, usually with corresponding de-
creased signal on GRE/SWI and without
corresponding diffusion restriction or
enhancement. This imaging pattern was
most commonly unilateral and affected
multiple lobes. In addition, many of
these patients had strikingly similar clin-
ical features: More than 80% had either
clinical seizures or altered levels of con-
sciousness at the time of imaging. We
do not perform continuous EEG moni-
toring on all patients in our intensive
care unit, so it is also possible that at
least some of the remaining patients
were experiencing some subclinical seiz-
ures during the course of their admis-

sion. The causative factor was also quite similar in many cases;
almost half (48%) had an extrinsic lesion (subdural hematoma,
meningioma) with mass effect on the subjacent subcortical white
matter.

The question still exists regarding the nature of these white
matter signal alterations. It is not clear whether they are the result
of the causative process that leads to the seizure activity or
whether they represent imaging evidence of abnormal neuronal
activity “spilling over” to the adjacent white matter—ie, a possible
imaging biomarker of seizure activity. As mentioned in our intro-
duction, there are a range of pathologies that can cause decreased
T2 signal in white matter. For example, this pattern can be seen
in patients with a primarily leptomeningeal process, such as men-
ingitis or leptomeningeal metastasis. However, it can also be seen
in patients with intracranial hypotension, which is not a primary
“leptomeningeal” pathology per se but still could be considered
an extra-axial issue that is having an effect on intra-axial tissues.
In addition, these disparate diseases often cause generalized signal
changes. In our cohort, we see a remarkable side concordance
(and often lobe concordance) with both causative pathology
(when such a cause was known) and with abnormal EEG activity.

FIG 2. A, T2 FLAIR images from a 49-year-old male patient being followed for a left-frontal me-
ningioma with asymptomatic low signal in the subcortical white matter adjacent to the meningi-
oma. Nonspecific failure of suppression of CSF signal in the subjacent sulci was also noted. B, T2
FLAIR images showing low signal in the left occipital lobe in a 46-year-old patient who initially
presented with visual seizures. C, T2 FLAIR images from a 48-year-old patient with a left convex-
ity subdural hematoma and seizures. Subcortical low T2 signal is present in the compressed pos-
terior frontal and parietal lobes.

FIG 3. A, T2 FLAIR image in the same patient as in Fig 2A shows complete resolution of the white
matter changes 2 years after resection of the lesion. B, T2 FLAIR image from a 53-year-old female
patient with a spontaneous right-sided acute subdural hematoma. T2 hypointense signal changes
are present in the subjacent white matter. C, Follow-up 5months later shows resolution of both
the hematoma and the white matter changes.
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Previously, some groups have attributed this signal change to
accumulation of oxygen-free radicals in the white matter,9 but the
evidence for this theory remains sparse at best. Free radicals are
transient oxygen intermediates, with a supposed paramagnetic
effect due to their unpaired electrons. However, recent laboratory
work has shown that the paramagnetic effect of reactive oxygen-
free radicals is mainly on T1 shortening, with a negligible effect on
T2-relaxation times.10 If these transient free radicals are responsi-
ble for this decreased signal, we would not expect to see persistent
changes many months later as we did in some patients in our
cohort. Furthermore, in patients with seizures, free radicals are
present in the cortex as well as in the subcortical white matter,11

yet we do not see these signal changes in the cortex in our patients.
On balance, it appears that there is not much proof to directly im-
plicate free radicals as the cause of the described findings.

Some other possibilities remain. It is interesting that there was
associated decreased signal on T2*-weighted sequences in our cohort.
Decreased signal on such sequences has been associated with
increased oxygen extraction (ie, an uncoupling between oxygen sup-
ply and demand). Cortical perfusion abnormalities are well-described
in patients undergoing seizure activity12 as well as with pathologies
such as subdural hematomas,13 so perhaps the changes we are seeing
are reflective of such increased oxygen extraction. Direct nonheme
iron deposition in the tissues has also been suggested previously,7,9

and while this could account for the pattern we are seeing acutely, it
would not be expected to resolve in most cases as it did in our cohort.

The neurochemical changes in the subcortical white matter in a
patient group such as ours are undoubtedly complex. Various
pathophysiologic mechanisms are likely at play, such as loss of
autoregulation, changes in cellular permeability, regional perfusion
changes, and neuronal excitotoxicity.14 Much has been written about
these changes15,16 and about the danger of applying a single imaging
label to what is surely multiple parallel processes.17 However, it
appears clear that the MR imaging findings we describe indicate
some abnormality in the subcortical white matter. They may also
serve as a useful suggestion to the clinician to consider EEG moni-
toring in those patients in whom seizures cannot be clinically identi-
fied (eg, the intubated patients in the intensive care unit).

There are obvious limitations with this retrospective study,
which was performed in an adult-only population. It is possible
that the abnormal EEG activity could be related to the offending
pathology in such cases as subdural hematomas; however, this
EEG-imaging concordance was also maintained in those patients
in whom such an extrinsic factor did not exist (eg, those patients
with primary seizures or epilepsy). We did not perform advanced
imaging techniques such as MR perfusion, which could poten-
tially provide more information about the areas of signal altera-
tion. It is also likely that these changes are also underreported,
both in our center and in the literature more generally, so the
prevalence of such changes is possibly higher than that seen here.
Finally, most of our patients were inpatients (93.1%), so we are
unable to comment on the prevalence of these findings in outpa-
tients with chronic seizure disorders.

CONCLUSIONS
We have described a cohort of 29 patients with a similar clinical
presentation (most had seizures/altered level of consciousness),

with strikingly similar imaging findings of decreased T2-weighted
signal in the subcortical white matter, in whom EEG abnormal-
ities were frequently localized to the area of the MR imaging
changes. We emphasize that these changes are often correlated
with a degree of seizure activity in the surrounding brain paren-
chyma. Whether the altered signal change is a cause or effect of
seizure activity is still uncertain, as is the underlying pathophysi-
ology causing the signal changes.

Disclosures: Timo Krings—UNRELATED: Consultancy: Stryker, Medtronic, Penumbra;
Royalties: Thieme; Stock/Stock Options: Marblehead.
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