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Abstract

Analogous to T2 shine-through, T2 hypointensity can “dark-through” on
diffusion weighted imaging (DWI) and mask diffusion restriction. In such cases,
diffusion restriction is evident only by apparent diffusion coefficient (ADC)
hypointensity, which is often subtle and easily missed without corresponding
DWI hyperintensity. Because diffusion restriction may be present in the setting
of seizure, avoiding this pitfall can aid in seizure diagnosis for patients without
any other magnetic resonance imaging (MRI) findings. We present a case series
of nine patients in the peri-ictal period with T2 dark-through on MRI to raise
awareness of this finding and its potential clinical role.
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Introduction

T2 dark-through describes diffusion restriction in the setting of T2
hypointensity. Just as T2 hyperintensity can “shine-through” on diffusion weighted
imaging (DWI), T2 hypointensity can “dark-though” on DWI. DWI signal is
influenced by multiple factors including T2 signal, which is demonstrated in the
equation: DWI signal intensity = kPDe TE'T2724PC \where k is a constant, PD
is the proton density, TE is the echo time, and b is the b-value [1]. Understanding
T2 dark-though is essential for detecting diffusion restriction of T2 hypointense
processes where subtle apparent diffusion coefficient (ADC) hypointensity may
be missed without corresponding DWI hyperintensity.

There have been reports of T2 dark-through in patients with seizure,
hyperglycemia, Moma-Moya, Sturge-Weber, intracranial neoplasm, intracranial
infection, and trauma [1-10]. We present a case series of nine patients with peri-
ictal T2 dark-through, including the first documented cases in the setting of
venous thrombosis and subdural hemorrhage.

Cases of Hyperglycemia

A 6-year-old male presented with 3 episodes of focal right-sided shaking and
severe hyperglycemia (414 mg/dL). MRI showed left parietal T2 dark-through
(Figure 1). Patient improved following the treatment of hyperglycemia.

A 52-year-old female presented with episodic confusion over the course
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Figure 1: MRI shows left parietal subcortical hypointensity on (A) FLAIR
\and (B) ADC without corresponding hyperintensity on (C) DWIL.

J

of 6 months and severe hyperglycemia (413 mg/dL).
MRI showed right parietal T2 dark-through (Figure 2).
Electroencephalogram (EEG) showed right intermittent
rhythmic delta activity and background slowing. Patient
improved following the treatment of hyperglycemia.

Figure 2: MRI shows right parietal subcortical hypointensity on (A)
FLAIR and (B) ADC without corresponding hyperintensity on (C)
DWI. There is a separate adjacent area of cortical diffusion restriction with
\hypointensity on (B) ADC and hyperintensity on (C) DWL

J

A 56-year-old male presented with episodic left
lower quadrant visual changes 50 times per day and severe
hyperglycemia (451 mg/dL). Initial MRI showed right parietal
T2 dark-through (Figure 3). Patient improved following the
treatment of hyperglycemia. Findings were less prominent on
3-month follow-up MRI.

Figure 3: Initial MRI shows right parietal subcortical hypointensity on
(A) FLAIR, (B) ADC, and (C) DWI. 3-month follow-up MRI shows less
\prominent findings on (D) FLAIR, (E) ADC, and (F) DWL

J

Case of Venous Thrombosis

A 32-year-old male presented with generalized tonic-

clonic convulsions lasting 1 minute and superior sagittal
sinus thrombosis. MRI showed left parietal T2 dark-through,
venous thrombosis, and leptomeningeal enhancement, the
latter thought to be related to venous stasis (Figure 4). Patient
was diagnosed with protein C deficiency and improved
tollowing anticoagulation.

and (B) ADC without corresponding hyperintensity on (D) DWI, sulcal
hyperintensity on (A) FLAIR, leptomeningeal enhancement on (D) axial
\T1+, and thrombus in the superior sagittal sinus on (E) sagittal T1+.

Case of Hyperglycemia and Venous

Thrombosis

A 62 year-old-female presented with left upper extremity
coordination difficulties over the course of 1 week with 2
episodes of shaking lasting 2-3 minutes, severe hyperglycemia
(505 mg/dL),and right transverse sinus thrombosis. Initial MRI
showed right parietal T2 dark-through, venous thrombosis,
and leptomeningeal enhancement, the latter thought to be
related to venous stasis (Figure 5). Patient improved following
the treatment of hyperglycemia and anticoagulation. T2 dark-
through was resolved on 1-month follow-up MRI.

I od 0

Figure 5: Initial MRI shows right parietal subcortical hypointensity on (A)
FLAIR, (B) ADC, and (C) DWI, leptomeningeal enhancement on (D)
T1+, and right transverse sinus thrombosis on (I) MRV. 1-month follow-
up MRI shows resolution of findings on (E) FLAIR, (F) ADC, (G) DWI,
\and (H) T1+. Follow-up MRV was not available.

J

Cases of Meningitis

A 9-year-old female presented with right upper
extremity shaking and numbness in the setting of meningitis.
Cerebrospinal fluid analysis showed an opening pressure
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of 24 ecm H20, 93 WBC per ul (48% neutrophils, 45%
lymphocytes), 26.5 mg/dL of protein, 60 mg/dL of glucose,
and negative gram stain. MRI demonstrated left frontal T2
dark-through and leptomeningeal enhancement (Figure 6).
Patient was lost to follow-up.

Figure 6: MRI shows left frontal subcortical hypointensity on (A) FLAIR,
\(B) ADC, and (C) DWI, and leptomeningeal enhancement on (D) T1+. )

A 16-year-old male presented with left upper extremity
and left facial twitching for 2 minutes in the setting of
meningitis. MRI demonstrated right frontal T2 dark-
through, sulcal FLAIR hyperintensity, and leptomeningeal

enhancement (Figure 7). Patient was lost to follow-up.

Figure 7: MRI shows right frontal subcortical hypointensity on (A)
FLAIR and (B) ADC without corresponding hyperintensity on (C) DWI,
sulcal hyperintensity on (A) FLAIR, and leptomeningeal enhancement on
(D) T1+.

Case of Sturge-Weber

A 2-year-old male with history of Sturge-Weber presented
with seizure of unspecified semiology. MRI demonstrated
right cerebral T2 dark-through and stigmata of Sturge-Weber
including asymmetric smaller right cerebral hemisphere
with pial angiomatosis (Figure 8). CT showed subcortical
calcification only in the posterior right cerebral hemisphere,

despite diffuse T2 dark-through throughout the right cerebral

J
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Figure 8: MRI shows diffuse right cerebral hypointensity on (A) T2 and

(B) ADC without corresponding hyperintensity on (C) DWI. Stigmata of

Sturge-Weber include asymmetric smaller right cerebral hemisphere with
\pial angiomatosis on (D) T1+ and calcification on (E) and (F) CT.

hemisphere. The patient underwent right hemispherectomy
due to uncontrolled seizure.

Case of Subdural Hematoma
A 78-year-old female presented with one episode of right

upper extremity tonic-clonic movement and intermittent
right-sided weakness lasting 1-5 minutes followed by
sleepiness in the setting of subdural hemorrhage. MRI showed
left frontal T2 dark-through (Figure 9). The patient improved

following hematoma evacuation and seizure management.

Figure 9: MRI shows left frontal subcortical hypointensity on (A) FLAIR
and (B) ADC without corresponding hyperintensity on (C) DWI and a

\ left subdural hematoma. )

Discussion

T2 dark-through is an under-recognized pattern
of diffusion restriction where T2 hypointensity “darks-
through” on DWI and masks signal changes. When this
happens, restricted diffusion can only be identified by ADC
hypointensity, which may be subtle and easily missed. We
present a case series of peri-ictal T2 dark-through, including
the first documented cases in the setting of venous thrombosis
and subdural hemorrhage, to raise awareness of this finding
and its potential clinical role.

The T2 hypointensity component of T2 dark-through has
been attributed to the susceptibility effects of paramagnetic
substances like deoxyhemoglobin and free radicals [1]. These
materials can accumulate from (1) oxygen demand exceeding
oxygen supply despite compensatory increased blood flow, such
as in the setting of seizure and super-imposed stressors, or (2)
insufficient venous drainage, such as in Sturge-Weber, venous
thrombosis, or mass effect from adjacent subdural hemorrhage.
In the case of Sturge-Weber, axonal hypermyelination and
other structural white matter abnormalities have also been
proposed as mechanisms for T2 hypointensity [6].

The ADC hypointensity component of T2 dark-through
may be related to a combination of hypoxia and excitatory
neurotransmitters leading to intracellular edema. In the setting
of hypoxia, sodium/potassium-ATPase pump failure results
in intracellular shift of sodium and water [11]. Excitatory
neurotransmitters released during seizure activate ion channel
coupled receptors, which allow the influx of sodium and water
and can activate the cell death cascade [12, 13]. Although
the precise combination and role of these mechanisms are
still unclear, it is believed that intracellular edema stemming
from hypoxia and over-excitation in the peri-ictal state may be
responsible for diffusion restriction.
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Patients that received follow-up imaging did not have
evidence of encephalomalacia. Plausible explanations for this
include: (1) T2 dark-through is reversible if underlying seizure
and stressors are treated promptly; (2) T2 dark-through may
cause mild tissue injury evident only on histology; (3) our
follow-up imaging did not allow sufficient time for the full
extent of the T2 dark-through event to manifest. Although
imaging was obtained within 24 hours of seizure, the precise
time-course is unknown. It is possible many cases of T2 dark-
through are resolved by the time patients are scanned. Prompt
imaging in the acute setting and long-term follow-up imaging
may increase the sensitivity for T2 dark-through and more
reliably define its time course and reversibility.

Although there is a correlation between T2 dark-through
and seizure, a relationship of causality is yet to be determined.
Regardless, recognizing T2 dark-through may have important
implications for seizure localization and managing seizures
with potentially reversible underlying etiologies.

Our case series is limited by retrospective review of data,
small sample size, and qualitative image analysis. Future
prospective studies with a larger sample size and quantitative
T2 dark-through analysis can determine the ADC and T2
thresholds for certain clinical outcomes, and better characterize
the patient population who will exhibit T2 dark-through and
benefit from a more comprehensive workup for comorbidities.

Conclusion

T2 dark-through is an under-recognized presentation of
diffusion restriction occurring in the peri-ictal period. This
finding should prompt the radiologist to look for superimposed
stressors such as metabolic and vascular abnormalities.
Although there is a correlation between T2 dark-through
and seizure, a relationship of causality is yet to be determined.
With further study, T2 dark-through may have a clinical role

in identifying and managing seizure.
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