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ARTICLE INFO ABSTRACT

Purpose. Magnetic resonance imaging (MRI) changes associated with status epilepticus (SE) have been described
in recent studies. Our aim was to evaluate the diagnosis and prognosis of the peri-ictal MRI changes detected in
SE patients.

Method. All adults diagnosed with SE and examined by MRI within 240h after SE onset were enrolled
(2011-2017). Demographic, clinical and electroencephalography data, and functional status at admission and
discharge were collected. MRI findings were recorded and relationships between clinical and MRI data, and
between these data and functional outcome were analyzed.

Results. Sixty patients included, 50% women, mean age 57.5 years. Median duration of SE was 51.46 h and
median time from SE onset to MRI was 86.5 h. Of the total, 41.7% had a restricted diffusion pattern on diffusion-
weighted imaging (DWI) and 63.3% had hyperintensities suggestive of edema on T2-weighted (T2WI)/FLAIR
sequences. The factors independently associated with T2WI hyperintensities were the presence of acute cerebral
lesions (p = 0.023), baseline STESS (p = 0.007), and MRI performed within 84h (p = 0.007). Variables in-
dependently associated with diffusion restriction were a potentially fatal cause (p = 0.020), SE duration > 24h
(p = 0.022), and MRI performed within the first 84 h (p = 0.045). In patients undergoing MRI within 84 h, the
DWI and T2WI abnormalities were both highly associated with an unfavorable outcome.

Conclusions. Characteristic signal changes on DWI and T2WI sequences were seen in approximately half our
SE patients undergoing early (< 84h) brain MRI studies, and were independently related to the patients’
functional status at discharge.
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1. Introduction

When the mechanisms responsible for terminating epileptic seizures
fail, status epilepticus (SE) may occur, resulting in prolonged seizures
that can have long-term consequences [1]. In clinical practice, magnetic
resonance imaging (MRI) is commonly used in SE patients as an aid to
establish the etiological diagnosis. However, recent studies have de-
scribed acute MRI changes associated with SE [2-4], which are mainly
restriction in diffusion-weighted imaging (DWI) in different brain areas.
Based on the findings in animal models, these features are usually in-
terpreted as stemming from changes in cellular metabolism occurring in
the presence of edema secondary to epileptic activity [5]; both vaso-
genic and cytotoxic edema have been described. The incidence of these

imaging changes is reported at 0.07% [6] to 29.4% [7], a considerable
range that is likely due to the heterogeneity of the related studies,
which are mostly retrospective and contain limited samples. The DWI
abnormalities have been topographically related to the epileptogenic
focus [8] as well as to motor seizures, altered level of consciousness [9],
and lengthy duration of the episode [10]. Abnormalities associated with
the epileptogenic focus have also been detected in T2WI and T2-fluid-
attenuated inversion recovery (T2-FLAIR) sequences in varying per-
centages, from 36.8% [11] to 71% [12]. The most common location of
these findings (70%-80%) is the hippocampal region [13,14].

Despite this accumulated evidence, there are no definitive clinical
data regarding the evolution of these MRI abnormalities over time [6]
or their clinical significance. Hence, the aim of this study was to
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evaluate the diagnosis and prognosis of peri-ictal MRI changes detected
in patients with SE.

2. Material and methods

This is a retrospective, cross-sectional study including MRI data
from patients older than 16 years diagnosed with SE in a tertiary care
center and prospectively recorded in a dedicated database between
2011 and 2017. By protocol, all patients in our center with new focal-
onset SE undergo MRI study when clinical conditions allow it, regard-
less of the SE type, underlying etiology, or the patient’s prognosis, ex-
cept in end-of-life situations. To achieve our objective of delineating the
evolution of MRI findings over time, we included patients with MRI
acquired within the first 240 from the onset of the SE in the present
study. We collected information on their demographic characteristics,
clinical findings and electroencephalography (EEG) data, and estab-
lished their functional status before the SE episode, and at discharge
using the modified Rankin scale (mRS) [15].

The final diagnosis of SE was established in accordance with the
clinical semiology of the event, including the level of consciousness
(dichotomized in the analysis into alert-lethargic or stuporous-coma-
tose), and the patient’s EEG findings (using Salzburg criteria for non-
convulsive SE) [16]. SE was classified according to the latest proposed
ILAE classification [1]. SE cases diagnosed before 2015 were reassessed
to retrospectively adapt them to the new subtypes. SE severity was
determined using the Status Epilepticus Severity Score (STESS), based
on the patients’ level of consciousness, age, worst type of seizure, and
previous history of epilepsy [17].

The etiology of SE was classified as acute symptomatic, chronic,
progressive, or cryptogenic, according to the latest ILAE classification.
As has been done in other studies [18-20], the cause was considered
potentially fatal if, in itself, it could lead to the patient’s death re-
gardless of the SE episode. These included stroke with great vessel
occlusion occurring less than 7 days previously, acute intracranial he-
morrhage, central nervous system infection, severe infection, malignant
brain tumor, AIDS with central nervous system complications, renal
failure on dialysis, systemic vasculitis, metabolic abnormality sufficing
to provoke coma in the absence of SE, eclampsia, and brain tumor
surgery.

The duration of SE (in hours) was estimated according to the time of
clinical onset of the SE as reported in the medical history. The time of
SE resolution was defined as time when the clinical symptoms re-
covered or an EEG recording showed an absence of ictal epileptogenic
activity indicated that the episode had terminated. The SE type was
classified according the more prominent clinical semiology described in
the clinical history and the EEG ictal findings. The cessation of the non-
convulsive SE was overall confirmed with EEG. As to the EEG char-
acteristics analyzed, apart from those related to SE, we also included
the presence of lateralized periodic discharges (LPDs) and their specific
relationship with the MRI changes.

MRI was performed on a 1.5-T system, using a 12-channel phased
array coil, according to a standardized protocol for SE patients that
included: 1. transverse T2WI (TE/TR voxel/FA%/slices/GAP: 91 ms/
4000 ms/0.8 x 0.6 X 3mm/150/46/0 mm); 2. transverse 2D-FLAIR
(TE/TR/TI voxel/FA%/slices/GAP: 92 ms/8500 ms/2439 ms/
1 X 0.9 X 1mm/36/0.4mm) and 3. DWI sequences (TE/TR voxel/
slices/GAP: 102ms/8200ms/1.2 X 1.2 X 3mm/Omm, b Value: 0/
500/1000). The images were reviewed by an experienced neuror-
adiologist (S.S.) blinded to the patients’ data with the exception of the
SE diagnosis. The MRI studies were specifically reassessed to search for
the the presence of areas of restricted diffusion on isotropic DWI (hy-
perintensity) and T2WI hyperintensities suggestive of edema. In the
image review, special focus was placed on brain regions known to be
associated with SE-related abnormalities, which encompassed the me-
sial temporal lobe structures (hippocampus, amygdala, and entorhinal
cortex), insula, pulvinar nucleus of thalamus, and lateral temporal lobe.
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In addition, the neuroradiologist included lesions in other cortical
areas, which in her judgement, were considered unrelated to damage
induced by the underlying cause. In parallel and when they were
available, previous and later MRI studies were assessed to further define
the features associated with SE, of special interest in cases related to
tumors.

At hospital discharge, we recorded all deaths and whether patients
had the same functional status as that at baseline or a functional decline
relative to baseline. Reduced functional status and death were con-
sidered unfavorable outcomes.

Lastly, we performed an analysis to determine which clinical char-
acteristics were independently associated with the MRI findings, and to
seek relationships between the MRI characteristics and the outcome at
discharge.

2.1. Statistical analysis

Descriptive and frequency statistics were obtained and comparisons
were made using the IBM SPSS Statistics software, version 22.0.
Categorical variables are reported as frequencies (percentages) and
continuous variables as the mean = standard deviation (SD) or the
median and interquartile range (IQR), as appropriate. Statistical sig-
nificance for intergroup differences was assessed by the Pearson chi-
square or Fisher exact text for categorical variables, and the Student t or
Mann-Whitney U test for quantitative variables. Receiver operator
characteristics (ROC) curves were configured to calculate cut-off points
for the time from SE onset to MRI examination and the SE duration with
the best sensitivity and specificity to predict the response variables.
Variables found to be associated with MRI changes and a poor outcome
in the bivariate analysis were entered into forward stepwise multiple
logistic regression models to identify factors independently associated
with restricted diffusion, presence of T2 hyperintensities, and un-
favorable outcome at discharge. A p-value < 0.05 was considered sta-
tistically significant.

3. Results

From February 2011 and May 2017 we attended 285 SE with a
mean age of 63.1 (SD 18.1) years. Of them, 141 (49.47%) had MRI but
only 60 (21.05%) were performed in the acute phase. The patients in-
cluded have a mean age of 57.5 years (SD 18.5) and 30 (50%) were
women. The median duration of the SE episode was 51.5h (IQR
22.2-93), and the median gap time from SE onset to the MRI ex-
amination was 86.5 h (IQR 42.3-145.3). MRI was performed during the
SE in 23 (38.3%) patients. In the remaining 37 (61.7%) MRIs performed
after SE resolution the median time from the end of SE to MRI acqui-
sition was 61.2h (IQR 26.5-121.6). The patients’ clinical and demo-
graphic data according to the MRI features detected are summarized in
Table 1.

3.1. MRI findings

The overall analysis of the MRI findings showed that 25 patients
(41.7%) had a restricted diffusion pattern on DWI and the corre-
sponding ADC maps, and 38 (63.3%) had hyperintensities suggestive of
edema on T2WI/FLAIR sequences. Twenty-four of these patients
showed abnormalities in all sequences. The distribution of the most
commonly found abnormalities is shown in Table 2.

3.2. * T2 hyperintensities

The brain regions where a hyperintensity was most often detected
were the frontal (21, 55.3%) and temporal lobes (10, 26.3%) (Fig. 1).
Analysis of the factors related to these features showed that they were
more common in patients with a more markedly decreased level of
consciousness (39.5% vs 9.1%, p = 0.01), those with acute or
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Table 1
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Relationship between the patients’ clinical characteristics and MRI findings. n, number of patients; DWI, diffusion-weighted imaging; T2WI, T2-weighted image; SD,
standard deviation; A-L/S-C, alert-lethargic/stuporous-comatose; SE, status epilepticus; NCSE, non-convulsive status epilepticus; STESS, Status Epilepticus Severity
Score; LPDs, lateralized periodic discharges; mRS, modified Rankin Scale.

General DWI T2WI
Restriction No restriction p Signal abnormalities ~ No signal abnormalities  p

N 60 25 (41.7%) 35 (58.3%) — 38 (63.3%) 22 (36.7%) —
Sex, female, n (%) 30 (50%) 17 (68%) 13 (37.1%) 0.02 22 (57.9%) 8 (36.4%) 0.18
Age, years, mean (SD) 57.5 (18.5) 55.4 (14.8) 59.0 (17.6) 0.78 59.0 (16.9) 54.8 (21.1) 0.40
Previous epilepsy, n (%) 23 (38.3%) 9 (36.0%) 14 (40.0%) 0.18 13 (34.2%) 10 (45.5%) 0.16
Potentially fatal cause, n (%) 21 (35%) 13 (52%) 8 (22.9%) 0.02 18 (47.4%) 3 (13.6%) < 0.01
Status epilepticus type, n (%):
Convulsive 6 (10%) 4 (11.4%) 2 (8.0%) 0.18 2 (9.1%) 4 (10.5%) 0.32
Myoclonic 2 (3.3%) 0 (0%) 2 (8.0%) 0 (0%) 2 (5.3%)
Focal motor 14 (23.3%) 9 (25.7%) 5 (20.0%) 5 (22.7%) 9 (23.7%)
NCSE with coma 5 (8.3%) 1 (2.9%) 4 (16.0%) 0 (0%) 5 (13.2%)
NCSE without coma 33 (55%) 21 (60.0%) 12 (48.0%) 15 (68.2%) 18 (47.4%)
Level of consciousness, A-L/S-C, n (%)  43/17 (61.7/28.3%) 15/10 (60/40%)  28/7 (80/20%)  0.09 23/15 (60.5/39.5%)  20/2 (91.9/9.1%) 0.01
SE duration, hours, median (IQR) 51.46 (22.2-93) 67.5 (33-113) 40 (12.5-84) 0.12 53.62 (30.1-86) 51.2 (27.8-92) 0.65
Duration > 24 hours, n (%) 41 (68.3%) 21 (84%) 20 (57.1%) 0.04 28 (73.7%) 10 (52.6%) 0.242
STESS, median, (IQR) 2(1-3) 3(2-3) 2(1-3) 0.04 3 (24 2(1-3) < 0.01
LPDs, n (%) 17 (28.3%) 9 (36.0%) 8 (22.9%) 0.27 14 (36.8%) 3 (13.6%) 0.05
mRS deterioration at discharge, n (%) 27 (45%) 17 (68%) 10 (28.6%) < 0.01 21 (55.3%) 6 (27.3%) 0.07

Table 2
Anatomic distribution of MRI abnormalities observed in the patients.

T2 (n = 38) (63.3%) DWI (n = 25) (41.7%)

Thalamus (Pulvinar nucleus) 4 (10.5%) 6 (24%)
Hippocampus-amygdala 11 (28.9%) 11 (44%)
Lateral temporal lobe 10 (26.3%) 8 (32%)
Insula 6 (15.8%) 8 (32%)
Extratemporal cortex 21 (55.3%) 10 (40%)

progressive SE vs remote SE (p = 0.04), and those in whom SE had a
potentially fatal cause (47.4% vs 13.6%, p < 0.01) and was more se-
vere (STESS 3 [IQR 2-4] vs 2 [IQR] 1-3), p < 0.01) (Table 2). Another
related factor was the presence of LPDs in the EEG tracing (36.8% vs
13.6%, p = 0.05). Specific analysis of the time at which MRI was car-
ried out showed that changes were detected more often in patients who
had undergone the study more promptly after symptoms onset (73.3h
vs 128.4h, p < 0.01) (Fig. 2). The best cut-off point for detecting MRI
abnormalities in these patients was within the first 84 h after onset of
the episode (86.2% vs 41.9%, p < 0.01).

In the analysis of associations between the imaging findings and

underlying causes classified into groups, only the presence of acute
cerebral lesions was independently associated with the presence of high
signal on T2WI (p = 0.002). Logistic regression models adjusted by
etiology yielded the following variables independently associated with
the presence of edema on T2WI: baseline STESS (OR = 2.347; 95% CI
1.264-4.357; p = 0.007) and MRI performed within the first 84h
(OR = 11.540; 95% CI 2.247-59.269; p = 0.007).

3.3. * Restriction on DWI

The temporal (17, 68.0%) and frontal lobes (4, 16.0%) were the
regions most commonly showing a restricted diffusion pattern (Fig. 1).
Patients showing restriction on DWI were most often women (68% vs
37.1%, p = 0.02), with no differences related to age. With regard to the
clinical characteristics of SE, restricted diffusion was seen more often in
patients with SE having a potentially fatal cause (52% vs 22.9%,
p = 0.02), in episodes lasting longer than 24 h (84% vs 60%, p = 0.04),
and in more severe episodes according to the STESS (3 [IQR 2-3] vs 2
[IQR 1-3], p = 0.04) (Table 1). Once again, we found that DWI ab-
normalities were seen more often in patients undergoing an earlier
examination, although the differences were not significant (74.1h vs

Fig. 1. Brain MRI in a patient with status epilepticus. A hyperintense area is seen on diffusion-weighted images (A and B), affecting the amygdala (arrow) and
hippocampus (star) on the right side, related to cytotoxic edema. A right parietal metastatic lesion (arrow in C) surrounded by vasogenic edema is seen on an axial T2-

FLAIR image.
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Fig. 2. Relationship between the time interval from status epilepticus onset to
MRI examination and presence of MRI changes. Time elapsed was shorter in
patients with T2WI (p < 0.01) and diffusion-weighted (p = 0.22) imaging
abnormalities.

117.3h, p = 0.22) (Fig. 1). Nonetheless, DWI abnormalities were found
in a higher percentage of patients when MRI was carried out within the
first 84 h than when it was performed after this time (55.2% vs 29.0%,
p = 0.04).

On logistic regression analysis adjusted by etiology, the variables
independently associated with the presence of DWI lesions were a po-
tentially fatal underlying cause (OR = 7.698; 95%CI 1.378-42.997;
p = 0.020), MRI performed within the first 84 h (OR = 4.321; 95%CI
1.035-18.033; p = 0.045), and SE duration > 24h (OR = 6.192;
95%CI 1.304-29.416; p = 0.022).

3.4. Outcome at discharge and relationship with MRI findings

At discharge, 27 (45%) patients had unfavorable outcome. These
included 19 patients with poorer functional status than before the SE
episode and 8 patients who died. The clinical factors associated with an
unfavorable outcome were a potentially fatal cause (51.9% vs 21.2%,
p = 0.01), lower consciousness level (44.4% vs 15.2%, p = 0.02), SE
duration longer than 65 h (63% vs 30.3%, p = 0.01), and higher STESS
value (3 [IQR 2-3] vs 2 [IQR 1-3], p = 0.03) (Supplementary mate-
rial). As to the MRI features, an unfavorable outcome was associated
with detection of T2WI hyperintensities (77.8% vs 51.5%, p = 0.04)
and areas of restricted diffusion (63.0% vs 24.2%, p < 0.01).

The variables independently associated with a poor outcome after
adjusting by etiology were the presence of DWI restriction
(OR = 4.511; 95%CI 1.242-16.338; p = 0.022), consciousness impair-
ment (OR = 5.689; 95%CI 1.321-24.494; p = 0.020), and SE

292

Seizure: European Journal of Epilepsy 71 (2019) 289-294

Diffusion

[CINo restriction
M Restriction

100%-

80%1

60%~

40%

20%

% Unfavorable outcome at discharge

<84 h. >84 h.
Time to MR Acquisition

N

100%~

|

+

80%~

60%

40%—

20%

% Unfavorable outcome at discharge

0%~

>84 h.
Time to MR Acquisition

< 84 h.

Fig. 3. Relationship between findings on T2WI and diffusion-weighted images
and discharge outcome according to the time elapsed from status epilepticus
onset to the MRI examination.

duration > 65h (OR = 4.769; 95%CI 1.276-17.822; p = 0.020).

This association between the MRI findings and the patients’ prog-
nosis was more evident in the group that had undergone an earlier
examination (< 84 h). Within this time window, DWI changes (81.3%
vs. 30.8%, p < 0.01) and T2WI abnormalities (68% vs 0%, p = 0.02)
were both significantly associated with an unfavorable outcome

(Fig. 3).
4. Discussion

This study investigated relationships between MRI peri-ictal
changes in SE patients and the patients’ prognosis. The prevalence of
DWI and T2WI abnormalities was 41.7% and 63.3%, respectively, va-
lues similar to those described in previous studies [2-9]. Our data show
that these lesions were detected more often when MRI studies were
performed within the first few days after the onset of the episode.
Furthermore, they were related to the cause of SE and clinical factors
associated with greater severity of the episode, and their presence on
early studies was associated with a poorer functional outcome after SE
had resolved. That is, restricted diffusion and T2WI signal abnormal-
ities seen on MRI within the first 84 h were associated with an un-
favorable outcome at hospital discharge.

The studies in this line published to date are mainly retrospective,
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with the exception of one by Jabeen et al. [10], and overall, they do not
establish a conclusive relationship between the MRI changes associated
with SE and the patients’ functional outcome. In the present study, a
DWI restriction pattern and hyperintensity on T2WI sequences were
related with clinical data indicating an unfavorable prognosis, in ac-
cordance with the most important studies published in this regard
[4,8-10]. In the prospective study by Jabeen et al. [10], MRI ab-
normalities were more common in patients with a more prolonged SE
episode, as was also seen in our series.

In at least some of cases and particularly in those related with
structural lesions, these findings could be secondary to the lesion itself.
On the other hand, a DWI restrictive pattern was usually seen at a
distance from the lesions, often involving the limbic system or tha-
lamus, and was equally represented in all the etiologic groups.
Therefore, this finding was likely a direct consequence of SE [3,8,14].

In the largest study performed to date, which included 69 SE pa-
tients [9], MRI abnormalities were found to be related to a low level of
consciousness, concurring with our results. Other reported factors re-
lated to peri-ictal MRI features in the remaining studies [4,8] such as
the absence of previous epilepsy, higher score on the STESS scale, and
LPDs on EEG study were also observed in our series [14]. However,
beyond the results from these studies, we found that an independent
association between the MRI findings and a poor functional outcome
was primarily seen when the imaging examination was carried out
promptly.

Detection of T2WI and DWI changes was significantly higher in SE
patients undergoing MRI in the first 84 h after onset of the episode, and
the findings obtained within this window of time had greater prognostic
value. These data suggest that although the all MRI changes found
cannot be conclusively defined as being secondary to SE [21], early
examination with MRI may increase the value of this technique in SE
patients.

With regard to the long-term prognosis, peri-ictal changes are po-
tentially reversible, but they have been associated with neurological
deficits in more than half the patients in some studies. Speech impair-
ment, motor deficits, and the development of epilepsy at long term have
been described in relation to SE-associated MRI changes, and these
sequelae are consistent with the topography of the lesions [6,11].
Moreover, the presence of T2WI high signal or DWI restriction pre-
dicted poorer outcome independently of the etiologic subgroup, sug-
gesting that SE-related edema may have prognostic value beyond the
mortality risk associated with the underlying cause.

Some longitudinal studies have associated SE-related MRI abnorm-
alities with laminar necrosis and atrophy on follow-up imaging
[22-26]. Others, however, have reported that there are no long-term
radiologic sequelae [8].

The retrospective design and the lack of protocolled follow-up stu-
dies to evaluate whether the imaging abnormalities found had reversed,
are some of the limitations of our study. All the patients were not in-
cluded during the study period due to the lack of conditions to acquire
the MRI. Nonetheless, MRIs were performed following the same pro-
tocol in all patients during the acute phase and reassessed to find SE-
related findings. Despite the limitations, our results suggest that SE-
related findings in the acute MRI can be a prognostic marker. These
results, added to the previously published, could be useful in clinical
practice to take treatment decision.

5. Conclusion

Signal changes on DWI and T2WI sequences are seen in up to half of
SE patients, and are more likely to be detected on examinations per-
formed within the first 84 h after the onset of the episode. Regardless of
the underlying cause of SE, the presence of edema predicted a poorer
functional outcome in these patients.
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