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Abstract

Status epilepticus (SE) is a commonly occurring life-threatening 
neurological emergency. Magnetic resonance imaging (MRI) may 
provide insight into the pathophysiological processes implicated 
in SE and unique MRI patterns associated with partial SE have 
recently been reported. We describe transient signal changes on 
MRI in the areas of cortex and thalamus both ipsilateral to the ictal 
discharges on electroencephalogram (EEG) in a selected group of 
fi ve patients with partial SE. We believe this pattern is specifi c to 
the peri-ictal state and its recognition is important in those cases 
where the diagnosis of SE is uncertain. We discuss other common 
MRI fi ndings seen in SE and possible reasons for similar patterns of 
corticothalamic signal changes in patients with varying etiologies 
for SE. The determination of the sensitivity and specifi city of such 
an imaging fi nding for partial SE still requires further large-scale 
studies, but a correct recognition of these often reversible imaging 
abnormalities may help to avoid unnecessary diagnostic tests and 
invasive procedures.
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Introduction

Status epilepticus (SE) is a common life-threatening neuro-

logical emergency. It is defi ned as continuous seizure activity 
lasting longer than 30 minutes or sequential seizures without 
a full recovery of consciousness in between [1]. Magnetic 
resonance imaging (MRI) is now frequently performed on 
patients with SE for various reasons. Most commonly it is 
used for identifying possible underlying structural etiologies 
and excluding other neurological disorders. In addition, MRI 
characteristics may provide insight into the pathophysiologi-
cal processes implicated in SE. For example, vasogenic or 
cytotoxic cerebral edema has been observed in patients with 
SE, suggesting increased blood-brain permeability or hy-
poxia as possible mechanisms of brain injury [2-4]. Finally, 
unique MRI patterns associated with partial SE have recently 
been reported [5, 6]. Recognizing these imaging fi ndings as 
postictal phenomena is valuable in diagnosing and managing 
SE, especially the ones with atypical clinical presentations 
such as minimally convulsive or nonconvulsive SE. Here we 
describe signal changes on MRI in the areas of cortex and 
thalamus both ipsilateral to the ictal discharges on electroen-
cephalogram (EEG) in a selected group of fi ve patients with 
partial SE. We believe this pattern is specifi c to the peri-ictal 
state and its recognition is important in those cases where the 
diagnosis of SE is uncertain. We discuss other common MRI 
fi ndings seen in SE and possible reasons for similar patterns 
of corticothalamic signal changes in patients with varying 
etiologies for SE.

Case Report
  

Case 1

A 20-year-old male with a history of mild mental retarda-
tion and localization-related epilepsy presented with SE. 
Seizure episodes began with right arm twitching followed 
by generalized tonic and clonic convulsions. Complete 
blood count, electrolyte and spinal fl uid analysis were within 
normal limits. EEG showed continuous 1 to 2 Hz high-am-
plitude sharp and slow discharges predominantly over the 
left frontotemporal region. Multiple medications including 
pentobarbital infusion were started to terminate SE. MRI on 
day 3 of admission showed a restricted diffusion in the left 
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frontotemporal cortices and the left thalamus. Gyriform 
cortical hyperintensities were seen on diffusion-weight-
ed images (DWI) corresponding to areas of hypointense 
signals on Apparent Diffusion Coeffi cient (ADC). Simi-
lar signal changes were observed in the entire left thala-
mus. Fluid Attenuated Inversion Recovery (FLAIR) im-
ages showed hyperintense signals in the left thalamus but 
without obvious abnormalities in the left frontotemporal 
cortex. Slight leptomeningeal contrast enhancement was 
noted in the left frontotemporal region (Fig. 1). The use 
of pentobarbital infusion led to a burst suppression pat-
tern on the continuous EEG monitoring. A repeat MRI on 
day 10 showed a complete resolution of signal abnormali-
ties in the left thalamus and left cortical regions on DWI, 
but subtle hyperintense signals remained within the left 
thalamus on FLAIR. Upon the discontinuation of pento-
barbital, patient continued to have refractory and frequent 
seizures originating from the left frontotemporal cortex 
and he eventually underwent a left frontal lobectomy for 
seizure control. A follow up MRI in nine months demon-
strated an extensive volume loss on T1 weighted images 
and patchy hyperintensities on FLAIR involving the left 
hemisphere (Fig. 1).

Case 2

A 27-year-old female with a history of neurosarcoidosis and 
prior seizures presented with recurrent episodes of confu-
sion, aphasia, right arm paresthesia and weakness. EEG was 
consistent with non-convulsive focal SE originating from the 
left temporal lobe spreading to the left parietal cortex. Initial 
DWI and FLAIR on day 1 showed hyperintensities in the 
cortical areas surrounding the left central sulcus with corre-
sponding hypointensities on ADC. Repeat DWI and FLAIR 
images on day 14 showed hyperintensities in the left poste-
rior thalamus (pulvinar) as well as the above cortical areas, 
corresponding to subtle hypointensities on ADC (Fig. 2). 
Slight leptomeningeal enhancement was noticed over the left 
parietal region. Multiple antiepileptic medications including 
a midazolam drip were given to terminate seizures. A repeat 
MRI in six weeks showed interval resolution of above diffu-
sion abnormalities with persistent hyperintensities in the left 
frontal and parietal cortices on FLAIR. Within the next two 
years, SE originating from the same area recurred and the 
patient was frequently admitted for seizure control. Repeat 
MRI of brain in two years revealed a diffuse atrophy of the 
left hemisphere (Fig. 2). 

Figure 1. MRI brain fi ndings on case 1. Arrows indicate signal abnormalities at the thalamus. Arrowheads indicate signal abnormalities 
at the cortex. On day 3 hyperintense signals were seen in the entire left thalamus and gyriform hyperintensities were seen at the left 
frontotemporal area on diffusion weighted image (A) with corresponding hypointensities on apparent diffusion coeffi cient (B). Subtle 
hyperintensities in the left thalamus was seen on fl uid attenuated inversion recovery (C) and subtle leptomeningeal enhancement 
was observed in the left frontotemporal area on T1 weighted image with contrast (D). At nine months T1 weighted image indicated 
signifi cant left hemispheric atrophy (E).

Figure 2. MRI brain fi ndings on case 2. Arrows indicate signal abnormalities at the thalamus. Arrowheads indicate signal 
abnormalities at the cortical region. On day 1 hyperintensities in the left frontal and parietal cortex were seen on diffusion 
weighted image (A) and fl uid attenuated inversion recovery (B). On day 14, subtle hyperintensities were seen at the left 
posterior thalamus on diffusion weight image (C). At two years T1 weighted image indicated signifi cant left hemispheric 
atrophy (D).
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Case 3

A 60-year-old male with a remote history of alcohol abuse 
and localization-related epilepsy presented after a witnessed 
generalized tonic clonic seizure. Intermittent and frequent 
myoclonic jerks in the right leg and right arm with decreased 
responsiveness was noticed at admission. CT scans of the 
head showed an acute hemorrhage in the area of left poste-
rior lenticular nucleus. EEG revealed multiple ictal episodes 
originating from the left mid-temporal region. MRI on day 
3 showed the aforementioned hemorrhage as well as hyper-
intense lesions in the left medial temporal lobe and left pos-
terior thalamus on both DWI and FLAIR without signifi cant 
signal abnormalities on ADC (Fig. 3). No contrast enhance-
ment was observed. The patient was treated with multiple an-
tiepileptic medications including propofol which eventually 
controlled his seizures. No follow up MRI was performed. 

Case 4

A 52-year-old male was admitted with pneumonia and fungal 
septicemia. On day 1 he developed nine witnessed seizures 
within a period of two hours. Seizures were characterized 
by a lack of responsiveness and the presence of tonic/clon-
ic arm movement. EEG showed seizures originating from 

left or right parietooccipital cortex independently. DWI and 
FLAIR on day 3 demonstrated diffuse hyperintensities in the 
bilateral thalami, hippocampi and posterior parietal cortices 
with corresponding hypointense lesions on ADC (Fig. 4). No 
contrast enhancement was observed. The patient did not sur-
vive the admission and a follow up MRI was not performed. 

Case 5

A 61-year-old male presented with prolonged confusion and 
left arm automatism. EEG revealed recurrent seizures origi-
nating from the right temporal lobe. DWI and FLAIR on day 
2 showed subtle hyperintensities in the right hippocampus 
and right thalamus without corresponding signal changes 
on ADC (Fig. 4). No contrast enhancement was seen. With 
treatment, subsequent EEGs did not show recurrent seizure 
activity. Repeat MRI in eight weeks revealed a resolution of 
above hyperintense lesions.

Discussion
  
We report fi ve cases of partial SE with varying etiologies for 
seizures. Three of the fi ve patients had prior diagnoses of 
epilepsy while the remaining two had no such history. All pa-

Figure 3. MRI fi ndings on case 3. Arrows indicate signal abnormalities at the thalamus. Arrowheads indicate signal 
abnormalities at the cortical region. On day 3 diffusion weight image showed hyperintensities in the left thalamus (A) 
and left medial temporal lobe (B). Similar hyperintensities were seen on FLAIR in the left thalamus (C) and left medial 
temporal lobe (D). Signal changes in the left lenticular nucleus represent an acute hemorrhage (A, C).

Figure 4. MRI fi ndings on cases 4 and 5. Arrows indicate signal abnormalities at the thalamus. Arrowheads indicate 
signal abnormalities at the cortical region. In case 4, diffusion weight images showed hyperintensities in the bilateral hip-
pocampus (A), bilateral parietooccipital cortex and bilateral posteior thalamus (B). In case 5, diffusion weighted images 
showed hyperintensities in the right medial temporal lobe (C) and right posterior thalamus (D).
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tients were placed on continuous EEG monitoring within the 
fi rst 24 hours of seizure onset. On EEG the origin of SE was 
unilateral in four and bilaterally independent in the remain-
ing patient. Timing of fi rst MRI scanning varied from within 
the fi rst 24 hours of SE onset to up to three days after. All 
fi ve patients had the combination of ipsilateral cortical and 
thalamic hyperintensities on DWI. The cortical signal abnor-
malities were irregular and gyriform. The pulvinar area was 
involved in four of the fi ve patients and the entire thalamus 
was affected in the remaining patient. FLAIR abnormalities 
were seen in the same regions as DWI in all fi ve patients but 
overall more obscure. In all cases DWI and FLAIR abnor-
malities were ipsilateral to the ictal discharges on EEG and 
the cortical signal changes corresponded closely in location 
to the ictal foci. In three patients who had follow up MRI 
scans, there was a complete resolution of DWI abnormali-
ties as early as ten days after seizure occurrence. In two pa-
tients MRI scans at long-term follow up showed a signifi cant 
parenchymal volume loss ipsilateral to ictal discharges, and 
in both patients intractable seizures recurred after the initial 
MRI.

Transient focal MRI changes following partial SE 
were fi rstly described by Kramer, et al. [7]. With recent ad-
vances in imaging techniques, various fi ndings have been 
described. Hyperintense lesions in cortical laminar, subcor-
tical or mixed regions have been demonstrated on various 
imaging modalities that include T2, FLAIR and DWI. The 
cortical involvement may include temporal, occipital, pari-
etal, insular or frontal lobes, and these signal changes are 
highly concordant with the ictal discharges on EEG [5, 6, 
8-10]. Restricted diffusion on DWI and ADC may mimic 
acute ischemic stroke, however, these lesions do not respect 
vascular territories and there are no associated major arte-
rial diseases [6, 11]. Gyral thickening with an obliteration 
of cortical sulci has been observed indicating cortical edema 
[12]. The involvement of subcortical white matter is usually 
limited. Signal abnormalities in the hippocampus, basal gan-
glia and thalamus are often ipsilateral to the cortical lesions 
and the ictal discharges [5, 6, 10, 13]. In most patients there 
is a lack of contrast enhancement except minimal leptomen-
ingeal enhancement seen in a minority of cases [11]. Perfu-
sion scans usually reveal cerebral hyperperfusion in the ictal 
cortex [5, 14]. Such a regional hyperfusion serves as a com-
pensatory mechanism which is insuffi cient to avoid hypoxia 
following prolonged ictal activity.

Very similar patterns of acute MRI fi ndings were detect-
ed in SE patients with heterogeneous causes of seizures. The 
absence of infectious or vascular disorders, the ipsilateral 
distribution of focal signal abnormalities to the epileptogenic 
focus, and the disappearance of signal abnormalities follow-
ing the seizure control all indicate that these acute lesions on 
MRI are consequences of prolonged epileptic activity rather 
than the cause of seizures. Such transient T2 signal changes 
represent focal cerebral edema. Depending on whether the 

edema is cytotoxic or vasogenic, the predominant diffusion 
abnormalities in the epileptogenic area may result in a re-
duction or an increase in ADC or both. The majority of MRI 
changes after SE resolve within weeks, supporting a mecha-
nism of vasogenic edema due to increased cerebrovascular 
permeability [5, 13]. Atrophy and persistent T2 hyperinten-
sities were also reported on follow-up MRI scans, suggest-
ing a component of cytotoxic edema and neuronal death [6, 
15, 16]. Seizure activity of longer duration is more likely 
to result in cytotoxic edema, and there is a signifi cant as-
sociation between the total convulsive time and focal signal 
changes on imaging [14, 16]. Sequential seizures can lead to 
intracellular infl ux of sodium secondary to the failure of so-
dium-potassium-ATPases, resulting in subsequent cytotoxic 
edema. Excessive release of excitatory amino acids, such as 
glutamate may contribute to edema, necrosis or apoptosis. 
Three patients in our series demonstrated the presence of cy-
totoxic edema with DWI hyperintensities and corresponding 
hypointensities on ADC while the remaining two did not ex-
hibit any noticeable changes on ADC. In the two cases with 
resultant cerebral atrophy, very prolonged and recurrent sei-
zures were recorded.   

Lansberg and colleagues fi rstly reported postictal T2 hy-
perintensity in the pulvinar area in a patient with partial sta-
tus epilepticus [11]. Similar fi ndings have been observed in 
patients with frontal, temporal, parietal or occipital lobe sei-
zures [5, 6, 9, 12,]. In one prospective case series, pulvinar 
hyperintensities on DWI were seen in 9 of 10 patients with 
complex partial SE who underwent serial MR imaging [5]. 
Katramados et al. reported that among a group of 36 patients 
with documented clinical and/or electrographic partial SE 
who underwent peri-ictal MRI, 11 (31%) had acute thalamic 
lesions on DWI. In almost all patients, both thalamic and 
cortical signal abnormalities were ipsilateral to the seizure 
foci. These thalamic lesions were mostly seen in patients 
with epileptiform discharges of posterior (temporal, parietal 
and occipital) origin, and the cortical involvement appeared 
to derive mainly from the dorsolateral surfaces rather than a 
midsagittal location [6]. The thalamus may serve as a relay 
point in the pathway of seizure propagation. In rat models, 
thalamic epileptiform activities appeared simultaneously 
with those in the cortical focus, and the intensity of epileptic 
activity in thalamus increased in parallel with that in the cor-
tical focus as well [17]. Primate models of absence SE have 
demonstrated an activation of the corticothalamic circuitry 
that corresponds to epileptiform discharges [18]. Using in-
tracerebral EEG recording, Guye et al. demonstrated syn-
chronized electrical activity between thalamus and temporal 
lobe structures during temporal lobe seizures [19].

While pulvinar hyperintensity is the most commonly re-
ported MRI abnormality, an involvement of other areas of 
thalamus has been identifi ed such as the entire thalamus [13]. 
Case No. 1 in our series also revealed such a fi nding on im-
aging. Similar to cortical signal abnormalities following SE, 
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ipsilateral focal thalamic hyperintense lesions are predomi-
nantly seen on DWI refl ecting acute thalamic dysfunction. 
Thalamic lesions do not demonstrate contrast enhancement 
and there is a lack of evidence for vascular, infl ammatory or 
neoplastic disorders affecting the thalamic area [20]. There-
fore, thalamic lesions are purely consequences of the SE and 
not of a preexisting dysfunction. Similar to cortical lesions, 
persistent signal abnormalities in thalamus and thalamic at-
rophy can be observed in future stages [20]. 

Conclusion

The presence of unilateral gyriform cortical and thalam-
ic hyperintense lesions on MRI, especially on DWI, is a 
unique and distinct image fi nding in complex partial SE. To 
our knowledge, such a combination has not been reported 
in other acute neurological disorders. The determination of 
the sensitivity and specifi city of such an imaging fi nding for 
partial SE still requires further large-scale studies, but the 
identifi cation of this pattern is particularly useful in cases of 
non convulsive SE such as in elderly patients with prolonged 
confusional syndromes. A correct recognition of these often 
reversible imaging abnormalities may help to avoid unneces-
sary diagnostic tests and invasive procedures.
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