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Abstract
Objective: In patients with status epilepticus (SE), the clinical significance of 
ictal changes on magnetic resonance imaging (MRI) is insufficiently understood. 
We here studied whether the presence of ictal MRI changes was associated with 
neurological deterioration at discharge.
Methods: The retrospective cohort comprised all identifiable patients treated at 
Odense University Hospital in the period 2008–2017. All amenable MRIs were 
systemically screened for ictal changes. Patient demographics, electroencepha-
lography, seizure characteristics, treatment, and SE duration were assessed. 
Neurological status was estimated before and after SE. The predefined endpoint 
was the association of neurological deterioration and ictal MRI changes.
Results: Of 261 eligible patients, 101 received at least one MRI during SE or 
within 7 days after cessation; 43.6% (44/101) had SE due to non- or less brain-
damaging etiologies. Patients who received MRI had a longer duration of SE, less 
frequently had a history of epilepsy, and were more likely to have SE due to un-
known causes. Basic characteristics (including electroencephalographic features 
defined by the Salzburg criteria) did not differ between patients with (n  = 20) 
and without (n = 81) ictal MRI changes. Timing of MRI was important; postictal 
changes were rare within the first 24 h and hardly seen >5 days after cessation of 
SE. Ictal MRI changes were associated with a higher risk of neurological deterio-
ration at discharge irrespective of etiology. Furthermore, they were associated 
with a longer duration of SE and higher long-term mortality that reached statisti-
cal significance in patients with non- or less brain-damaging etiologies.
Significance: In this retrospective cohort, ictal changes on MRI were associated 
with a higher risk of neurological deterioration at discharge and, possibly, with a 
longer duration of SE and poorer survival.
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1   |   INTRODUCTION

Ictal magnetic resonance imaging (MRI) changes after 
status epilepticus (SE) or single seizures are a well-known 
phenomenon and are also referred to as peri-ictal or postic-
tal MRI changes.1–3 Increased signal of the cerebral cortex 
and subcortical structures on T2 and diffusion-weighted 
images (DWI) are the most common manifestations; how-
ever, thalamic and basal ganglia affection are also well de-
scribed.4,5 In most patients, ictal changes on MRI match 
the epileptic focus of ongoing seizure activity on electro-
encephalography (EEG). However, transient MRI changes 
compatible with ictal changes have also been described in 
the nonaffected hemisphere.4–8 Notably, especially lateral-
ized periodic discharges appear to be associated with ictal 
MRI changes.7,9 Several longitudinal case series proved the 
transient nature of these changes in the majority of patients, 
with an 80% remission rate after 1–6 weeks.10 Patients with 
incomplete remission on control MRI typically showed 
local atrophy or changes described as gliosis or cortical 
necrosis, whereas DWI changes disappeared.5,6,8,10–12 Case 
studies reporting biopsy results from the affected corti-
cal regions described local edema combined with histo-
pathological signs of hypoxia of the affected neuronal 
layers,5,13–15 which is in line with results from animal ex-
periments indicating mitochondrial dysfunction, calcium 
accumulation, and subsequent necrosis.16

Despite recent advances in diagnostics, the clinical sig-
nificance of these changes remains obscure. The majority of 
published studies focused on the description of radiological 
changes, and cohorts with >20 patients and systematic clin-
ical long-term follow-up have not yet been reported.4,7,10,11 
Published cohorts reported null associations between in-
hospital mortality and ictal MRI changes6,7,9; data on long-
term survival of patients has not been published so far. 
Acquired and persistent neurological deficits likely linked 
to the ictal MRI changes have been described in multiple 
case reports.6,17,18 A selection bias is, however, difficult to 
exclude, and a common critique was the difficulty of re-
jecting diffuse or focal anoxia as an alternative explanation 
for the MRI changes.19 Thus, available data supporting the 
concept of SE-induced neuronal damage are controversial, 
and etiology is usually considered the major determinant of 
outcome.20,21 A recent study comprising 25 patients with SE 
and ictal MRI changes reported a higher rate of fatal etiolo-
gies among patients with ictal changes and a higher rate of 
patients with increased disability quantified using the mod-
ified Rankin Scale at discharge.22 However, the data did not 
allow conclusions on the association between ictal changes 
and clinical deterioration. We therefore aimed at clarifying 
the association between ictal MRI changes and neurological 
deterioration in a large cohort of extensively characterized 
patients with SE and available long-term follow-up.

2   |   MATERIALS AND METHODS

2.1  |  Patients

Patient identification and selection are shown in Figure 1, 
and the cohort has previously been reported in an-
other study.23 Data reporting complies with STROBE 
(Strengthening the Reporting of Observational Studies in 
Epidemiology) guidelines.24 In brief, between January 1, 
2008 and December 31, 2017, patients were retrospectively 
identified at the Odense University Hospital (OUH), from 
referrals for acute EEG or based on the diagnosis of SE 
at discharge (n = 261 patients). All patients were treated 
at OUH and had either clinical or EEG-verified SE diag-
nosed using the International League Against Epilepsy 
(ILAE) or Salzburg criteria.25,26 The study was approved 
by the Danish Health Authorities (3-3013-26 611) and the 
Region of Southern Denmark (data handling: 18-58 576).

All patients were screened for MRIs performed at the 
Department of Radiology during or within 7 days after ces-
sation of SE; all MRIs were assessed retrospectively. Preictal 
MRIs and MRIs without fluid-attenuated inversion recovery 
(FLAIR) and DWI sequences were excluded from the study.

Clinical characterization was based on the complete pa-
tients' electronic medical files and performed by L.E.R. and 
O.M.; if consensus could not be reached, C.P.B. provided the 
final assessment. To secure a quasiblinded design, clinical 
characterization was performed as the first step; analysis of 
MRI and EEG was performed later and independently.

2.2  |  MRI evaluation

MRIs were systematically screened for ictal changes by a 
first MRI examiner (S.M.D.) who was blinded to the origi-
nal radiological report and all clinical details (e.g., seizure 
type, etiology, medication, and duration of SE) apart from 
the SE diagnosis. During the study period, patients were 
scanned with an Achieva dStream 3.0T (Philips Medical 
Systems), and occasionally with an Ingenia 3.0T (Philips 

Key Points
•	 Ictal MRI changes are associated with neuro-

logical deterioration
•	 The chance of detecting ictal MRI changes de-

creases rapidly after cessation of SE
•	 Ictal MRI changes were associated with the du-

ration of SE
•	 Ictal MRI changes may be associated with long-

term survival



2972  |      CORNWALL et al.

Medical Systems). The type of scanner, was, however, not 
assessed for individual patients. Possible ictal changes on 
MRI were defined as an increased signal of the cerebral 
cortex and subcortical structures on T2/FLAIR and DWI 
sequences. All detected ictal changes were registered. 

Results from the screening were reviewed and compared 
with the original radiological report by a second rater 
(C.D.C.). In patients with disagreements between the 
screening results and the radiological reports, an expert 
neuroradiologist (N.N.) reassessed MRIs, aware of the 

F I G U R E  1   STROBE (Strengthening the Reporting of Observational Studies in Epidemiology)-compliant flowchart for patient screening 
and identification. DWI, diffusion-weighted imaging; EEG, electroencephalography; FLAIR, fluid-attenuated inversion recovery; ICD, 
International Classification of Diseases; MRI, magnetic resonance imaging; SE, status epilepticus.
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SE diagnosis but blinded to all other details. Altogether, 
49 MRIs were reassessed. Figure 1 gives the steps of the 
screening process.

2.3  |  Outcomes

Data collection was based on electronic medical records as 
previously described by Roberg et al.23 and allowed for a 
complete assessment of demographics, seizure semiology, 
SE severity scores, and etiology of SE. Survival data were 
available for all patients due to the linkage of the electronic 
medical files with the Danish Civil Registration System. 
For all patients, National Institutes of Health Stroke Scale 
(NIHSS) scores were estimated by L.E.R. and O.M. (super-
vised by C.P.B.) before SE and at discharge/first control after 
discharge; an increase in NIHSS was defined as neurological 
deterioration, and an increase in NIHSS of >5 was defined 
as “significant neurological deficit.”27 Estimation of NIHSS 
before admission was based on description of the patient 
by their relatives and previous medical notes, if available in 
case of, for example, previous stroke. Estimation of NIHSS 
at discharge was based on the neurological examination at 
discharge, the detailed examinations by the physiotherapist 
used for rehabilitation assessment, and—if available—a neu-
rological examination at first clinical visit after discharge. A 
score of 0 was given if data were not available. Patients who 
died in hospital received an NIHSS score of 42 at discharge.

Semiology and etiology were classified based on the 
ILAE recommendations.26,28 Furthermore, we individu-
ally assessed the etiology of each patient and classified it as 
likely non- or less brain-damaging or not.23 The group of 
non- or less brain-damaging etiologies was defined by the 
lack of acute changes (e.g., stroke, bleeding, tumor) on ce-
rebral imaging and no clinical indication for infection/auto-
immune encephalitis. The length of SE was estimated based 
on the information provided by paramedics, the emergency 
department, and the notes of the treating neurologist.

All available EEGs were analyzed systematically ac-
cording to the Salzburg criteria25 by L.E.R., O.M., and T.K., 
who were blinded to clinical data apart from the SE diag-
nosis. Details of the analysis were published previously in 
Monsson et al.29

2.4  |  Statistics

Data were stored using REDCap provided by the Region of 
Southern Denmark.30 The primary predefined endpoint of 
the study was the association of neurological deterioration 
with the presence of ictal MRI changes in all patients with SE; 
all other analyses were exploratory. The statistical tests used 
are given in the tables/figures, and statistical significance 

was assumed for alpha error > .05. Due to statistical plan-
ning, correction for multiple comparisons was omitted for 
the primary endpoint but performed for all exploratory anal-
yses. For the exploratory binary logistic regression analysis, 
2-year overall survival was used as endpoint. Due to the low 
number of patients, Epidemiology-Based Mortality Score in 
Status Epilepticus (EMSE), with the components etiology, 
comorbidity, age, and EEG, was pragmatically chosen as 
surrogate marker for disease severity. Linear association of 
EMSE with SE severity was postulated and not tested. IBM 
SPSS (v29) was used for statistical analyses.

3   |   RESULTS

3.1  |  Characteristics of the cohort

From the previously described cohort of 261 patients,23 
101 had at least one MRI during SE or within 7 days after 
cessation of SE. Characteristics of patients with and with-
out MRI and with and without ictal MRI changes are 
given in Table 1. Patients receiving MRI in temporal prox-
imity to SE had a longer duration of SE and a higher rate 
of treatment in intensive care. Furthermore, the underly-
ing etiologies differed, with more unknown etiologies and 
fewer patients with previous history of epilepsy in the MRI 
group. Survival and the rate of neurological deterioration 
at discharge did not differ between patients who received 
MRI and patients who did not (Table 1).

3.2  |  Association of ictal MRI 
changes and neurological deterioration at 
first follow-up/discharge

Basic demographics, prognostic factors, treatment, and eti-
ology were similar between patients with and without ictal 
MRI changes (Table 2). Although the vast majority of pa-
tients with ictal MRI changes had definite or possible non-
convulsive SE, neither the proportion of nonconvulsive SE 
(Table 2) nor the different components of the Salzburg cri-
teria differed consistently (Table S1). In contrast, the asso-
ciation of ictal MRI changes and neurological deterioration 
at first follow-up/discharge differed significantly between 
patients with and without ictal MRI changes. As compared 
to patients with MRIs without ictal changes (mean increase 
of NIHSS = .8, interquartile range [IQR] = .0–20.0), ictal 
MRI changes were associated with a higher increase in 
NIHSS scores at discharge (mean increase in NIHSS = 4.9, 
IQR = .0–1.5.0; p = .006, Kruskal–Wallis test) as compared 
to admission (Figure 2A). Mortality was higher in the pres-
ence of ictal MRI changes, but the difference was not statis-
tically significant in a Kaplan–Meier analysis (Figure 2B).
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T A B L E  1   Patient demographics

Characteristic All patients

Patients 
with MRI, all 
etiologies

All etiologies, 
MRI vs. no 
MRI, pa

Patients with MRI, 
non- or less brain-
damaging etiologies

Patients, n 261 101 44

Sex, n (%)

Female 132 (50.6%) 48 (47.5%) n.s. 19 (43.2%)

Male 129 (49.4%) 53 (52.5%) 25 (56.8%)

Age, mean years (IQR) 67.2 (58.0–78.0) 65.5 (56.0–75.0) n.s.b 66.2 (55.0–75.5)

SE duration, mean h (IQR) 132.8 (23.2–157.1) 193.5 (47.1–210.3) <.001b,c,d 235.6 (67.2–281.8)

GTC seizures, n (%) 1.5 (.0–2.0) 1.7 (.0–2.0) n.s. 1.6 (.0–2.5)

Refractory status, n (%)

No 84 (32.2%) 29 (28.7%) n.s. 11 (25.0%)

Yes 177 (67.8%) 72 (71.3%) 33 (75.0%)

Treatment in ICU, n (%)

No 180 (69.0%) 60 (59.4%) .008c,d 23 (52.3%)

Yes 81 (31.0%) 41 (40.6%) 21 (47.7%)

Etiology per ILAE, n (%)

Acute symptomatic 102 (39.1%) 39 (38.6%) .02d 0 (.0%)

Remote symptomatic 80 (30.7%) 24 (23.8%) 27 (61.4%)

Progressive central nervous system 
disorder

44 (16.9%) 21 (20.8%) 0 (.0%)

SE in defined electroclinical syndromes 8 (3.1%) 1 (1.0%) 1 (2.3%)

Unknown 27 (10.3%) 16 (15.8%) 16 (36.4%)

History of epilepsy per STESS, n (%)

No 146 (55.9%) 71 (70.3%) <.001c,d 25 (56.8%)

Yes 115 (44.1%) 30 (29.7%) 19 (43.2%)

Level of consciousness per STESS, n (%)

Alert to somnolent or confused/GCS > 12 
[0]

120 (46.0%) 48 (47.5%) n.s. 17 (38.6%)

Stuporous to comatose/GCS < 13 [1] 141 (54.0%) 53 (52.5%) 27 (61.4%)

Change in NIHSS grouped, n (%)

<5-point NIHSS increase 151 (70.2%) 56 (66.7%) n.s. 26 (66.7%)

5–10-point NIHSS increase 37 (17.2%) 16 (19.0%) 7 (17.9%)

>10-point NIHSS increase 27 (12.6%) 12 (14.3%) 6 (15.4%)

Survival status at 3 months, n (%)

Alive at 3 months 186 (71.3%) 74 (73.3%) n.s. 35 (79.5%)

Dead at 3 months 75 (28.7%) 27 (26.7%) 9 (20.5%)

Survival status at 2 years, n (%)

Alive at 2 years 138 (52.9%) 50 (49.5%) n.s. 25 (56.8%)

Dead at 2 years 123 (47.1%) 51 (50.5%) 19 (43.2%)

Abbreviations: GCS, Glasgow Coma Scale; GTC, generalized tonic–clonic; ICU, intensive care unit; ILAE, International League Against Epilepsy; IQR, 
interquartile range; MRI, magnetic resonance imaging; n.s., not significant; NIHSS, National Institutes of Health Stroke Scale; SE, status epilepticus; STESS, 
Status Epilepticus Severity Score.
aChi-squared test.
bMann–Whitney U test; crude p-values are given.
cSignificant associations after controlling for multiple testing using Bonferroni–Holm correction.
dStatistically significant.
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3.3  |  Ictal MRI changes in patients 
with non- or less brain-damaging etiologies

An exploratory analysis of the subgroup of patients with 
non- or less brain-damaging etiologies (n = 44) confirmed 
the higher increase in NIHSS at discharge (Figure 2C) in 
patients with ictal MRI changes. Despite the small sample 
size, survival differences between patients with and with-
out ictal MRI changes reached statistical significance in 

this subgroup, which was defined by the lack of all kinds 
of acute MRI alterations apart from ictal MRI changes 
(Figure 2C). Given the association of disease severity, du-
ration, and outcome, we performed exploratory logistic 
regression analyses. Using ictal MRI changes and EMSE 
(as postulated near-linear surrogate marker for disease 
severity) as covariables, 2-year overall survival appeared 
mainly dependent on etiology in patients with all eti-
ologies (EMSE: p  < .001, exp[b]  =  1.03, 95% confidence 

T A B L E  2   Characteristics of patients with and without ictal MRI changes

Characteristic

Non- or less brain-damaging 
etiologies

pa

All etiologies

pa
No ictal MRI 
changes

Ictal MRI 
changes

No ictal MRI 
changes

Ictal MRI 
changes

All patients, n (%) 35 (100%) 9 (100%) 81 (100%) 20 (100%)

Sex, n (%)

Female 16 (45.7%) 3 (33.3%) n.s. 38 (46.9%) 10 (50.0%) n.s.

Male 19 (54.3%) 6 (66.7%) 43 (53.1%) 10 (50.0%)

Age at admission, mean years (IQR) 66.5 (54.0–77.0) 65.2 (56.0–74.0) n.s.b 65.4 (56.0–75.0) 65.8 (57.5–74.5) n.s.b

Time between cessation and discharge, 
mean days (IQR)

14.4 (3.0–19.9) 11.5 (2.0–21.0) n.s. 16.0 (3.0–21.0) 13.5 (2.0–22.0) n.s.

Refractory status, n (%)

No 9 (25.7%) 2 (22.2%) n.s. 27 (33.3%) 2 (10.0%) .04c

Yes 26 (74.3%) 7 (77.8%) 54 (66.7%) 18 (90.0%)

Treatment in ICU, n (%)

No 20 (57.1%) 3 (33.3%) n.s. 49 (60.5%) 11 (55.0%) n.s.

Yes 15 (42.9%) 6 (66.7%) 32 (39.5%) 9 (45.0%)

Etiology per ILAE, n (%)

Acute symptomatic 0 (.0%) 0 (.0%) n.s. 32 (39.5%) 7 (35.0%) n.s.

Remote symptomatic 21 (60.0%) 6 (66.7%) 18 (22.2%) 6 (30.0%)

Progressive disorders 0 (.0%) 0 (.0%) 17 (21.0%) 4 (20.0%)

Electroclinical syndromes 1 (2.9%) 0 (.0%) 1 (1.2%) 0 (.0%)

Unknown 13 (37.1%) 3 (33.3%) 13 (16.0%) 3 (15.0%)

History of epilepsy, n (%)

No 20 (57.1%) 5 (55.6%) n.s. 57 (70.4%) 14 (70.0%) n.s.

Yes 15 (42.9%) 4 (44.4%) 24 (29.6%) 6 (30.0%)

Level of consciousness, n (%)

GCS > 12 15 (42.9%) 2 (22.2%) n.s. 39 (48.1%) 9 (45.0%) n.s.

GCS < 13 20 (57.1%) 7 (77.8%) 42 (51.9%) 11 (55.0%)

NCSE per Salzburg criteria, n (%)

Definite 19 (55.9%) 6 (66.7%) n.s. 49 (62.8%) 15 (75.0%) n.s.

Possible 7 (20.6%) 2 (22.2%) 15 (19.2%) 4 (20.0%)

No NCSE 8 (23.5%) 1 (11.2%) 14 (17.9%) 1 (5.0%)

Abbreviations: GCS, Glasgow Coma Scale; ICU, intensive care unit; ILAE, International League Against Epilepsy; IQR, interquartile range; MRI, magnetic 
resonance imaging; n.s., not significant; NCSE, nonconvulsive SE; SE, status epilepticus.
aChi-squared test.
bMann–Whitney U test; crude p-values are given. All p-values given become nonsignificant after controlling for multiple testing using Bonferroni–Holm 
correction.
cStatistically significant.
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interval [CI] for exp[b] = 1.01–1.04; ictal MRI changes: 
p = .17, exp[b] = .48, 95% CI for exp[b] = .16–1.39). In con-
trast, in patients with non- or less brain-damaging etiolo-
gies, ictal MRI changes but not EMSE were significantly 
associated with survival after 2 years (EMSE: p  = .32, 
exp[b] = 1.02, 95% CI for exp[b] = .99–1.05; ictal imaging 
changes: p = .04, exp[b] = .16, 95% CI for exp[b] = .03–.90).

3.4  |  Congruency of ictal MRI changes, 
ictal EEG focus, and neurological 
deterioration

Ictal MRI changes showed high congruency with ictal 
activity on EEG. In all but one patient, seizure activity—
defined according to the Salzburg criteria—was detectable 
in the brain areas with ictal MRI changes (18/19, 94.7%). In 

four patients, ictal activity was documented also in brain 
regions without detectable ictal MRI changes (Table  3). 
With a certain amount of reservation due to the unknown 
lateralization of the affected brains, the pattern of neuro-
logical deficits at discharge were congruent with the ictal 
MRI changes in the majority of patients who survived the 
acute phase and developed neurological deficits (Table 3). 
All four patients with thalamic involvement either died or 
had severe neurological sequelae.

3.5  |  Temporal aspects of the ictal 
MRI changes

In two additional exploratory analyses, we studied the as-
sociation of ictal MRI changes with the duration of SE and 
timing of the MRI scan. A higher rate of ictal MRI changes 

F I G U R E  2   Neurological deterioration and survival. (A) Neurological deterioration in patients with status epilepticus (SE) with and 
without ictal magnetic resonance imaging (MRI) changes (p = .07, chi-squared test; the group with National Institutes of Health Stroke Scale 
[NIHSS] score > 10 includes patients who died in-hospital). (B) Survival of patients with and without ictal MRI changes (log-rank test). (C) 
Neurological deterioration in patients with SE due to non- or less brain-damaging etiologies depending on the presence or absence of ictal 
MRI changes (p = .005, chi-squared test; the group with NIHSS > 10 includes patients who died in-hospital). (D) Survival of patients with SE 
due to non- or less brain-damaging etiologies and the presence or absence of ictal MRI changes (log-rank test).
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was associated with a longer duration of SE (Figure 3A,B). 
Ictal changes were most common in patients with an SE 
duration of >1 day (Figure   3C). The rate of ictal MRI 
changes appeared highest among patients with ongoing 
SE of long duration, and prevalence declined approxi-
mately 1–5 days after cessation (Figure 3C,D).

4   |   DISCUSSION

In this retrospective cohort, ictal MRI changes were asso-
ciated with neurological deterioration in patients with SE. 
We found this association in all patients, including a sepa-
rate group of patients with non-  or less brain-damaging 
etiologies. The latter finding makes an erroneous interpre-
tation of, for example, diffuse or focal anoxia as ictal MRI 
changes unlikely. Despite the low number of patients, the 
associations reached statistical significance, indicating a 
strong and possibly causal association between SE, ictal 

MRI changes, and neurological outcome, which would be 
in keeping with the cumulative data from case reports and 
smaller case series.12,13,17,18 However, given the lack of a 
suitable control population (e.g., matched patients with 
similar SE duration), the small sample size, and the mod-
erate anatomical association between neurological deficits 
and ictal MRI changes, the causal relationship remains 
speculative. Although plausible, results from the explora-
tory logistic regression analysis remain preliminary due to 
the low number of patients and certainly require confir-
mation in additional cohorts.

We confirmed that the duration of SE is strongly as-
sociated with the rate of ictal MRI changes, which has 
been reported previously.7,10,22,31 Furthermore, we found 
a clear temporal relationship between ictal MRI changes 
and cessation of SE. The rate of ictal changes among all 
MRIs was lowest if taken shortly after debut or after ces-
sation of SE. This finding also argues against the claim 
that other diseases (e.g., stroke or anoxia) may mimic ictal 

T A B L E  3   Overview of patients with ictal MRI changes

Patient Etiology

MRI EEG
New significant neurological 
deficits, NIHSS increase ≥ 5Laterality Localization Laterality Localization

1 Poststroke Left Hippocampal Left Temporal None

2 HSV Right Temporal/insular Right Temporoparietal None

3 Astrocytoma Right Hemisphere Right Frontotemporal None

4 Dementia Right Parietal Bilateral Temporal None

5 Cryptogenic Bilateral Temporal Bilateral Frontoparietal Died before discharge

6 Poststroke Right Frontal n.a. n.a. Orientation, fixed gaze, dysarthria, 
paresis right arm

7 Microbleeds Right Parietal Right Parieto-occipital Bilateral weakness, unresponsiveness

8 Poststroke Left Hippocampal Bilateral Bilateral Aphasia, vegetative state

9 Poststroke Right Hemisphere Right Temporal Aphasia, severe dysarthria

10 Cryptogenic Right Temporal Right Temporal Aphasia

11 AIE Bilateral Temporal Bilateral Temporal Aphasia, left-sided hemiparesis

12 HSV Left Temporal/insular Left Temporal None

13 Cryptogenic Left Temporal/insular Left Temporal Died before discharge

14 Lymphoma Bilateral Parietal Bilateral Left frontal and 
bilateral 
parieto-
occipital

Ataxia, dysarthria, bilateral weakness

15 Metastasis Left Hemisphere Left Temporal Died before discharge

16 Alcohol Right Hemisphere Right Parieto-occipital Aphasia, right-sided paresis

17 Poststroke Left Hemisphere Left Frontoparietal None

18 Acute stroke Left Temporoparieto-
occipital

Bilateral Frontotemporal Died before discharge

19 Cryptogenic Left Temporal Bilateral Parieto-occipital Died before discharge

20 AIE Right Temporal Right Temporal None

Abbreviations: AIE, autoimmune encephalopathy; EEG, electroencephalograph; HSV, herpes simplex virus; MRI, magnetic resonance imaging; n.a., not 
available; NIHSS, National Institutes of Health Stroke Scale.
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changes.19,32 The association of ictal changes with overall 
survival reached statistical significance in the subgroup of 
patients with non-  or less brain-damaging etiologies de-
spite a very low number of patients. Again, this indicates 
a strong biological link between long-term survival and 
ictal changes, which is likely explained by the neurolog-
ical deterioration.

Our cohort is, like all previously published studies, 
limited by the low number of patients with ictal changes. 
The rate of ictal changes and the definitions used are in 
line with previous studies and a recent systematic review.1 
With 20 patients with ictal MRI changes, the number of 
patients in our study is on the higher end of published 
studies.7,11,22 Systematic and rapid MRI >24 h after sei-
zure onset would likely have increased the proportion of 
“positive” MRIs.3,10 It is tempting to speculate how and 
whether the inclusion of early MRI would have changed 
the results. As expected, the cohort receiving MRIs was 

substantially biased toward patients with unknown etiolo-
gies and a longer duration of SE, and against patients with 
an epilepsy diagnosis. However, we found no significant 
differences in basic characteristics among patients with 
and without peri-ictal changes. This supports the inter-
pretation that the poorer outcome of patients with ictal 
MRI changes is essentially due to SE-related factors and 
not due to selection bias; we could not confirm the asso-
ciation with more fatal etiologies described by Requena 
et al.22 in our cohort.

Only very few patients had an MRI on follow-up, which 
is an additional limitation. Although plausible, we could 
not study the association between atrophy after SE and the 
presence of neurological deterioration. Especially the nat-
ural course of persistent neurological deficits directly or 
likely linked to the affected regions would have been inter-
esting. Furthermore, systematic MRI at follow-up would 
have helped to unequivocally differentiate between ictal 

F I G U R E  3   Duration and time of magnetic resonance imaging (MRI) under status epilepticus (SE). (A) Association of ictal MRI changes 
and the duration of SE in patients with SE of all etiologies and (B) in patients with SE due to non-brain-damaging etiologies (Whitney–Mann 
test). (C) Timing of MRI relative to the cessation of SE and the presence or absence of ictal MRI changes. (D) Association of timing of MRI, 
change of National Institutes of Health Stroke Scale (NIHSS) score, and ictal MRI changes. *Indicates individual patients (outlayers).
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MRI changes and inflammatory changes in patients with 
viral encephalitis.

The quantification of neurological deterioration after 
SE is difficult. We chose the established NIHSS in this and 
related studies23,29 because it appeared to be the “least bad 
established score” available and covers mainly supraten-
torial functions.27 We found a modified Rankin Scale and 
Barthel index, indicating that retrospective assessment of 
the neurological status using NIHSS provides meaning-
ful results.23 However, NIHSS has obvious shortcomings, 
such as the insufficient coverage of temporal lobe func-
tions that are often affected after SE and the exaggeration 
of a critical illness neuropathy giving scores in all four 
extremities. Furthermore, NIHSS is a purely descriptive 
score; not all neurological deficits assessed using NIHSS 
are likely to be due to the ictal MRI changes but may reflect 
side effects to treatment (e.g., ataxia) and immobilization 
(e.g., nonlateralized weakness). As a consequence, a direct 
link between the NIHSS scores and the ictal MRI changes 
is difficult. Given that NIHSS was the “least bad score,” 
the development of a dedicated score for SE-induced defi-
cits would be warranted.

In summary, we here show that ictal MRI changes are as-
sociated with neurological deterioration and, possibly, with 
increased long-term mortality and longer duration of SE.
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