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Diffusion-weighted and perfusion MRI
demonstrates parenchymal changes in
complex partial status epilepticus
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Summary

Diffusion-weighted MRI (DWI) and perfusion MRI (PI)
have been mainly applied in acute stroke, but may provide
information in the peri-ictal phase in epilepsy patients.
Both transient reductions of brain water diffusion, namely
a low apparent diffusion coefficient (ADC), and signs of
hyperperfusion have been reported in experimental and
human epilepsy case studies. We studied 10 patients with
complex partial status epilepticus (CPSE) with serial MRI
including DWI and PI. All patients showed regional
hyperintensity on DWI, and a reduction of the ADC in
(i) the hippocampal formation and the pulvinar region of
the thalamus (six out of 10 patients), (ii) the pulvinar and
cortical regions (two out of 10), (iii) the hippocampal
formation only (one out of 10), and (iv) the hippocampal
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formation, the pulvinar and the cortex (one out of 10). In
all patients a close spatial correlation of focal hyper-
perfusion with areas of ADC/DWI change was present.
In two patients hyperperfusion was confirmed in addi-
tional SPECT (single photon emission computed tomo-
graphy) studies. All patients received follow-up MRI
examinations showing partial or complete resolution of
diffusion and perfusion abnormalities depending on the
length of the follow-up interval. The clinical course, EEG
and SPECT results all indicate that MRI detected changes
related to prolonged epileptic activity. Combined PI and
DWI can visualize haemodynamic and tissue changes
after CPSE in the hippocampus, thalamus and affected
cortical regions.
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Introduction

Haemodynamic changes associated with ictal activity were
described intraoperatively by Penfield (Penfield, 1933) and
were noted as hypervascular patterns in angiographic studies
(Stone et al., 1986; Lee and Goldberg, 1977). In focal epilepsy,
areas of hyperperfusion have been identified with ictal **™Tc-
HMPAO single photon emission computed tomography
(SPECT) (Markand et al., 1997). With MRI, it has been pos-
sible to demonstrate similar changes in several case studies.
Using perfusion MRI (PI), Warach et al. demonstrated ictal

hyperperfusion in a patient with focal epilepsy (Warach et al.,
1994). Focal haemodynamic alterations related to focal ictal
activity have also been reported by Jackson et al. and Detre
et al. employing the blood oxygenation level-dependent
(BOLD) MRI method (Jackson et al., 1994; Detre et al., 1995).

Apart from MRI techniques that can visualize haemo-
dynamic changes, a current focus of interest has been
diffusion-weighted MRI (DWI). Transient reductions of the
apparent diffusion coefficient (ADC) have been detected with
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Table 1 Patient profiles

Patient Age, sex Primary cerebral pathology/ Seizure profile Timing of MRI
previous diagnosed epilepsy
Type/signs Clinical EEG Initial Follow-up
duration

1 59, M Chronic residual small cortical CPSE; mild CI 4 days  Right parietotemporal 35h Day?2,
haemorrhage after cortical vein rhythmic focal slowing day 13,
thrombosis/yes (Fig. 4) (seizure pattern), PLEDs months 1, 10

2 66, F Chronic residual cortical CPSE; mild CI 2 days Right temporo-occipital, 8.5 h Day 2, day 7,
haemorrhage in isolated cerebral rhythmic SW, partially months 4, 9
vasculitis/yes (Fig. 2A) generalized

3 38, F Hippocampal sclerosis in TC, CPSE; 2 days  Left temporo-occipital 6h Day7
temporal lobe epilepsy/yes mild CI rhythmic delta, mixed
(Fig. 1A) with SW

4 73, M Previous ICA occlusion with CPSE; mild CI 3 days  Left temporal rhythmic  12h  Day 14
chronic stroke and hypoperfusion SW
of MCA territory/no (Figs 1B, 2B)

5 68, M Previous frontal head trauma/yes CPSE; mild CI 4 days  Left temporal thythmic 12 h  Lost to

SW follow-up

6 27, F Chronic MCA stroke/no CPSE; mild CI 3 days  Left temporal rhythmic 3h Day?2
(Figs 1C, 2C) SW (day 4T)

7 76, F Chronic and acute MCA stroke/no  CPSE; mild CI 6 days  Left temporal rhythmic 24 h  Month 3
(Fig. 1D) SW

8 56, F Chronic MCA and PCA stroke/no  CPSE; mild CI 4 day Left temporal focal 6h Day7

slowing (postictal)

9 78, M Cerebral microangiopathy/no CPSE; severe CI 3 days  Left temporal focal 5h Day?7,

(Fig. 1E) slowing (postictal) month 5
10 55, M Glioblastoma multiforme/no CPSE; mild CI 3h Left temporo-occipital 35h Day7

(Figs 2D, 3) focal slowing (postictal)

ICA = internal carotid artery; MCA = middle cerebral artery; PCA = posterior cerebral artery; CPSE = complex partial status epilepticus;
TC = tonic—clonic seizures; CI = cognitive impairment; PLEDs = periodic lateralized epileptiform discharge; SW = sharp waves.

Timing of MRI: Initial = timing from seizure onset to MRI.
T = deceased.

DWI in experimental focal ischaemia with peri-infarct
depolarizations, and in models of spreading depression and
models of epilepsy (Gyngell et al., 1994; Zhong et al., 1995;
de Crespigny et al., 1998). Fabene and colleagues found DWI
and T2-weighted changes throughout the cerebral cortex, hip-
pocampus, amygdala and medial thalamus in rat brains after
4 h of status epilepticus (Fabene et al., 2003). Several case
studies have demonstrated reduced ADCs in patients with
focal status epilepticus (Wieshmann et al., 1997; Diehl et al.,
1999; Lansberg et al., 1999; Kim et al., 2001). Another recent
study reported transient ADC changes immediately after single
seizures (Hufnagel et al., 2003). Despite evidence for the rela-
tionship between ictal activity and altered haemodynamic
state, there are no systematic studies on the combined use of
DWTI and PI in epilepsy, although this methodology is com-
monly used to investigate acute stroke patients.

We investigated the combined use of DWI and PI in a
series of 10 patients presenting with complex partial status
epilepticus (CPSE) who had acute and follow-up MRI.

Subjects and methods
Subjects

We examined 10 consecutive patients (five men, five women, mean
age 59.6 years, range 27-78 years) presenting with complex partial

status epilepticus (CPSE) using MRI in the peri-ictal phase and on
follow-up. All patients were seen in the emergency room from 1998
to 2002 in confusional states that were eventually diagnosed as
CPSE (Shneker and Fountain, 2003). One patient had a previously
confirmed diagnosis of temporal lobe epilepsy as the cause of ictal
activity; the remaining nine patients had acute symptomatic seizures
due to different primary pathologies, and in four the diagnosis of
symptomatic epilepsy had been established previously. The clinical
and EEG data of the patients are summarized in Table 1. Two
patients additionally underwent SPECT within 24 h after the initial
MRI. The study was approved by the local ethics committee and for
all patients the responsible relative gave informed consent in writing.

Data acquisition

MRI was performed with a 1.5 T MRI system (Siemens, Erlangen,
Germany) according to the following protocol: (i) separate trans-
verse, coronal and sagittal localizing sequences followed by trans-
verse oblique contiguous images (slice thickness 5 mm) aligned with
the inferior borders of the corpus callosum (sequences 2-7);
(i) proton density (PD)- and T2-weighted [turbo spin echo, repeti-
tion time (TR) 2620 ms, echo time (TE) 14 ms/85 ms, field of view
(FOV) 180 X 240 mm?, matrix size 192 X 256]; (iii) T1-weighted
Spin echo (SE) (TR 530 ms, TE 12 ms, FOV 180 X 240 mm?, matrix
size 192 X 256); (iv) diffusion weighted echo planar spin echo (DW
EP-SE) (TR 4000 ms, TE 110 ms, b = 0/1000 s/mm”, FOV 240 mm?,
matrix size 128 X 128, sequential application of three separate



diffusion-sensitizing gradients in perpendicular directions) (further
transverse DWI sequences aligned with the hippocampal formation
were also performed); (v) FLAIR (fluid attenuation inversion recov-
ery) (TR 9000 ms, TE 105 ms, inversion time (TI) 2340 ms, FOV
180 X 240 mm?, matrix size 192 X 256): (vi) three-dimensional
time-of-flight magnetic resonance angiography (MRA) sequence
(flip angle 20°, FOV 180 X240 mm?, matrix size 165 X512,
slice thickness 2 mm); (vii) perfusion free induction decay echo
planar (FID-EP) sequence following the first pass of a contrast
bolus through the brain (TR 2000 ms, TE 65 ms, flip angle 90°,
13 slices, 40 acquisitions, 1 : 20 min, FOV 240 mmz, matrix size
128 X 128). Contrast agent was injected with a flow rate of 4 ml/s
through a large gauge venous cannula at the antecubital vein.

Data processing and qualitative/quantitative
analysis
Structural MRI data (T1-weighted, PD- and T2-weighted, FLAIR)
were analysed for pre-existing chronic abnormalities. DWI, PI and
MRA were analysed for additional signal abnormalities as follows.
Changes on DWI were first analysed visually for hyperintense
lesions. In addition to DWI, ADC maps were calculated on a pixel-
by-pixel basisusing alinear least-squares fit. The ADC was determined
with manually defined regions of interest (ROI, size 0.2-0.5 cm?),
which were positioned in the regions of most pronounced signal
change on DWI (b = 1000 s/mm?) (Fig. 3, ROI in green). ADC
values were compared with the those of the contralateral normal hemi-
sphere, the values of which correlated with previously obtained ADC
values in normal controls (for stroke studies) (Gass et al., 1999).
From the PI data set parameter maps, time to peak (TTP), mean
transit time (MTT), relative cerebral blood volume (CBV) and
relative cerebral blood flow (CBF) were calculated using the non-
parametric singular-value decomposition method described by
Ostergaard and colleagues (Ostergaard et al., 1996; Yamada et al.,
2002). This method involves deconvolution of the tissue
concentration—time curve on a pixel-by-pixel basis with an arterial
input function. Maps of CBF and CBYV are determined from the peak
height and the area under the deconvolved curve, respectively. All
perfusion maps were analysed for the presence and location of signal
changes indicating hyperperfusion (reduced TTP, reduced MTT,
increased CBV, increased CBF) or hypoperfusion (prolonged TTP,
prolonged MTT, reduced or normal CBV, reduced CBF).

Results
Clinical data and conventional MRI

All patients presented with acute confusional states classified
as mild or severe cognitive impairment, as proposed by
Shneker and colleagues. Clinical symptoms were considered
mild if the patient was awake but confused and severe if the
patient was obtunded or comatose (Shneker and Fountain,
2003). In addition to mild cognitive impairment, patient 1
developed clonic left-sided seizure activity during the last
sequence of the MRI examination, which stopped immedi-
ately after administration of 10 mg diazepam. Except cases 8
and 9, who had CPSE of long duration, there was close timing
between EEG and MRI (mean 1.8 h delay between EEG and
MRI). Focal seizure activity on EEG was found in seven out
of 10 patients, while in three cases postictal EEG showed
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focal slowing. Structural abnormalities on conventional MRI
caused by various pathologies were found in all patients. Two
patients had chronic parenchymal alterations after previous
haemorrhages close to the cortex (patients 1 and 2). In patient
1 haemorrhage had occurred due to venous thrombosis. In
patient 2 previous haemorrhage was due to histopathologic-
ally proven isolated cerebral vasculitis. Patient 3 had right
hippocampal sclerosis diagnosed earlier in the context of
longstanding temporal lobe epilepsy. One patient had a trau-
matic lesion in the left frontal cortex acquired in a car acci-
dent 1 year earlier (patient 5). Three patients had chronic
ischaemic lesions which had occurred at least 8 months earl-
ier: the first patient (patient 4) had haemodynamic infarction
due to occlusion of the internal carotid artery with persistent
hypoperfusion of the affected hemisphere, the second patient
(patient 6) had chronic middle cerebral artery (MCA) stroke
of embolic origin, and the third a chronic MCA and posterior
cerebral artery (PCA) stroke (patient 8). One patient had both
an acute and a chronic MCA territory lesion in the parietal
region due to a MCA stenosis (patient 7). One patient showed
subcortical white matter lesions and signs of cortical atrophy
(patient 9). Patient 10 had a right parietal solitary mass lesion,
histologically diagnosed subsequently as glioblastoma mul-
tiforme. Under anti-epileptic drug therapy clinical findings
and EEG abnormalities improved and eventually resolved in
all patients.

Ictal/peri-ictal lesions on diffusion-weighted,
T2-weighted and perfusion images

In all patients, analysis of MRIs revealed slight focal swelling
accompanied by hyperintensity on T2-weighted images and
increased signal intensity on DWI (Table 2). In nine out of 10
patients lateralization and localization of EEG pathology cor-
responded with the acute DWI pathology. In all patients, ROI
analysis of ADC values taken from regions with most pro-
nounced signal change were reduced by 11-37% (see Table 2
for details).

DWI and ADC signal change was limited to the hippo-
campal formation in one case (patient 8). Six patients showed
acute lesions in the hippocampus and in the ipsilateral pos-
terior part of the thalamus, the region of the pulvinar nuclei
(patients 3, 4, 5, 6, 7 and 9), while two patients had signal
alterations in cortical regions, affecting mainly cortical tissue
and some underlying white matter, and in the ipsilateral pul-
vinar (patients 1 and 10). Finally, in one patient the cortex,
hippocampus and pulvinar were involved and showed signal
alterations (patient 2). Figures 1 and 2 show the consistency
of acute hippocampal and thalamic involvement on DWI
images.

All patients showed subtle but obvious signs of hyperper-
fusion on TTP, MTT and CBV maps, which were confirmed
by additional SPECT studies in two patients (patients 1 and 2;
Fig. 4). The hyperperfused regions matched the regions of
DWI signal abnormalities in all cases, but were slightly larger
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Table 2 MRI findings

Patient  Acute ictal/peri-ictal signal abnormality Follow-up
DWI/T2/PWI/MRA Location and size of DWI DWI/T2/PWI follow-up Conventional MRI findings
hyperintensity
1 DWI 1; ADC | (—35%); Right parieto-occipital cortex Complete resolution of Previous small haemorrhage
T2 —; PWI T (+SPECT) and right pulvinar; 12 ml PWI (day 2), DWI (day 13), after cortical vein thrombosis
T2 (month 1) abnormalities
2 DWI 1, ADC | (—37%); Right hippocampal formation, Complete resolution of Chronic right occipital
T2 7; PWI T (+SPECT) right pulvinar and right DWI/T2/PWI abnormalities intracranial haemorrhage in
parieto-occipital cortex; 5.2 ml (month 4) cerebral vasculitis
3 DWI 1, ADC | (—28%); Right hippocampal formation Resolution of PWI, partial Right hippocampal sclerosis
T2 1; PWI T and right pulvinar; 1.5 ml resolution of DWI/T2 signal
change (day 7)
4 DWI 7; ADC | (—22%); Left hippocampal formation Complete resolution of Chronic white matter lesions;
T2 1; PWI 1, PCA 1 and left pulvinar; 1.9 ml DWI/T2/PWI abnormalities occlusion of left ICA with
(day 14) hypoperfusion of left MCA
territory
5 DWI 7; ADC | (—11%); Left hippocampal formation Lost to follow-up Left frontopolar
T2 7; PWI 7 and left pulvinar; 1.6 ml post-traumatic lesion
6 DWI 1, ADC | (—25%); Left hippocampal formation Resolution of PWI, partial Chronic left temporoparietal
T2 T; PWI T, PCA 1 and left pulvinar; 1.5 ml resolution of DWI/T2 signal MCA stroke; MCA stenosis
change (day 2) and hypoperfusion
7 DWI 1, ADC | (—25%); Left hippocampal formation Complete resolution of Acute and chronic left
T2 7; PWI 7 and left pulvinar; 1.9 ml DWI/T2/PWI abnormalities temporoparietal MCA
(month 3) stroke; MCA stenosis
and hypoperfusion
8 DWI 1, ADC | (—13%); Left hippocampal formation; Resolution of PWI, partial Chronic right MCA and
T2 7; PWI T, PCA T 1.4 ml resolution of DWI/T2 signal PCA stroke
change (day 7)
9 DWI 1, ADC | (—22%); Left hippocampal formation Complete resolution of Cortical atrophy, chronic
T2 T; PWI T, PCA 1 and left pulvinar; 1.7 ml DWI/T2/PWI abnormalities white matter lesions
(month 5)
10 DWI 1; ADC | (—34%); Extensive right temporal and Resolution of PWI, partial Right parietal glioblastoma

T2 —; PWI T

parietal cortical involvement;
right pulvinar; 10 ml

resolution of DWI/T2 signal
change (day 7)

DWI 1 = hyperintensity; ADC | = reduction (%); PWI | = signs of hyperperfusion; PCA T = increased flow signal in the PCA; MCA =
middle cerebral artery; PCA = posterior cerebral artery; ICA = internal carotid artery.

Fig. 1 Diffusion-weighted MRI demonstrating involvement of the hippocampus in patients 3, 4, 6, 7 and 9. High-intensity signal
abnormality is noted in the right (A) and left (B—E; arrows) hippocampus. Hyperintense susceptibility artefacts can occasionally be seen in

the area of the temporal bone.

in size. In four patients (patients 4, 6, 8 and 9) with hyper-
perfusion of the hippocampal formation, MRA also showed
increased flow signal in the ipsilateral PCA compared with
the contralateral side, indicating the enhanced blood flow. In
patients 4, 6 and 7, all with chronic hypoperfusion in the left
MCA territory, local hyperperfusion was identified in the
adjacent PCA territory supplying the left hippocampal forma-
tion, the region of DWI abnormalities.

Follow-up MRI

All but one patient were studied subsequently with one to four
follow-up MRI examinations (for details see Table 1). PI
signal change did not persist, but normalized, showing ident-
ical signal characteristics as the contralateral normal vascular
territory/hemisphere on PI maps or MRA, on the first follow-
up in nine out of nine patients. Slight DWI hyperintensity was
still noted in patients 3, 6, 8 and 10, who had follow-up MRI
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Fig. 2 Diffusion-weighted MRI depicting involvement of the pulvinar region of the thalamus in patients 2, 4, 6 and 10 (A-D) in
almost identical areas across the five patients. Extratemporal cortical hyperintensity in patients 2 and 10 is also shown (A, D).

Fig. 3 Initial and follow-up MRI in patient 10. T2-weighted FLAIR images (A) and corresponding T1-weighted images after contrast
injection (B) demonstrate enhancing lesion in the right temporoparietal region with central necrosis, which was confirmed as glioblastoma
multiforme by histopathology. Acute diffusion-weighted MRI (C) and corresponding ADC (D) maps in the initial phase. Reduced diffusion
and hyperintensity on the diffusion-weighted MRI is noted in the right posterior thalamus (yellow circle) and in temporal and parietal
cortical regions (arrows). On the ADC maps, hyperintensity (increased diffusion) is noted in the contrast-enhancing centre of the
glioblastoma, while there is surrounding hypointensity indicating extensive involvement of cortical structures due to epileptic activity
(arrows; ROI for ADC assessment in green). Follow-up diffusion-weighted MRI (E) and ADC maps (F) demonstrate normalization of the
areas with initially reduced diffusion while the neoplastic lesion is unchanged.



1374

K. Szabo et al.

A A e o, [N e Aot ot

o . L A ¥ Y S
S "\-\j M.JJMM'L_J (S L e, N
,‘,-.WMMW
w"\xq M M Moo Pl

e Tasiad s RS Py P
S At M,.)t-w .r-—-.., AT P
ST u\,/'(—w NS P e
M,,Wﬂf; \-\M\d""h»,; mﬂﬁw J
o nwrum"m Y\u o 1 P e’ -
P i i P P b N
.-"-'\-"“'""L_r"t""”\' A w‘f.\v_-; ,./',,»N..}fw,.:‘- ",‘_J‘_‘_.
Pl A iy N i p g
e o B i e U
Y i
T R o e T

SPTTPRSPRPREPRNT. FIREPTTTe SPRRPPC SPRRee NI PRRPS

Fig. 4 Diffusion and perfusion MRI, follow-up MRI, initial SPECT study and EEG recording of patient one. Initial PI and DWI—time-to-
peak (A), cerebral blood volume-(B) and diffusion-weighted image (C)-demonstrate hyperperfusion and hyperintensity on diffusion-
weighted MRI in the right occipital and parietal cortex (encircled). This matches the area of hyperperfusion identified on SPECT (D). The
follow-up MRI demonstrates normalisation of hyperperfusion and diffusion-weighted abnormality (E-G). EEG demonstrated PLEDs

indicating ictal activity in the acute phase (H).

on day 2 or day 7. In patients 1, 2, 4, 7 and 9, DWI and ADC
abnormalities resolved gradually and were normalized on
follow-up examinations performed at day 14 or later. T2
signal change persisted over a longer period of time, but
also completely resolved in those patients who were followed
over a period of 2 weeks or longer: patients 1, 2, 4, 7 and 9
were followed over a period of 14 days to 10 months and
showed complete lesion resolution.

Discussion

This study reports the combined use of DWI and PI in patients
with CPSE. The findings demonstrate consistently the pres-
ence, location and extent of acute MRI changes in the ictal
and peri-ictal phase of CPSE in patients with symptomatic
epilepsy syndromes. In particular, acute DWI hyperintensity
of the pulvinar is a new finding, adding to the increasing body
of MRI data in patients with peri-ictal imaging changes. To us
it was remarkable that, in a patient group that was quite
heterogeneous in relation to the underlying causes of epi-
lepsy, very similar patterns of acute MRI findings were pre-
sent. There are several points that appear of particular interest
in this regard.

There was a close spatial correlation of the location of DWI
and PI changes, hyperperfusion on SPECT (in two patients)
and the localization of regional EEG pathology, well demon-
strated in patient 1 (Fig. 4). The combination of clinical
symptoms, along with the time course of their resolution
and EEG findings, indicates that the lesions detected by
DWTI and PI are consequences of prolonged focal epileptic
activity and suggest pathophysiological links between ictal
brain activity, haemodynamic changes and early parenchymal
abnormalities. The finding of combined signs of hyperperfu-
sion and reductions of the ADC in patients with focal status
epilepticus is limited to few patients (Lansberg et al., 1999)
and there are no studies combining DWI and PI in the ictal
phase. In a study with a similar methodology, drug-resistant
epilepsy patients were examined in the interictal phase. The
authors found an increased diffusion coefficient, which might
possibly demonstrate the long-term course of acute phase
findings (Heiniger et al., 2002).

Reductions in brain water diffusion following the applica-
tion of electroshock stimulation or ictal activity have been
investigated in several experimental studies. Decreases in the
ADC of the order of 9% were seen with short (0.1-10 s) trains
of cortical electroshock stimulation (Zhong et al., 1997).



A 17% reduction in ADC was seen with a longer stimulation
duration with the proconvulsive gas flurothyl (28 min) (Zhong
et al., 1995). Prolonged ictal activity is known to increase
glucose utilization, the increase of which is not adequately
matched by the enhanced blood flow (Blennow et al., 1979,
1985; Bruehl et al., 1998). As a result, blood flow—metabolism
uncoupling leads to areduction of high-energy adenosine phos-
phates and tissue hypoxia, thereby stimulating anaerobic gly-
colysis. The duration of ictal activity may be the critical factor
responsible for the changes which were detected by Pland DWI.
It is conceivable that the observed regional hyperperfusion
served as a compensatory mechanism yet was insufficient to
prevent the stimulation of anaerobic glycolysis due to the
prolonged ictal activity. As a consequence of compromised
energy metabolism, ADC reductions may have developed.
PI and DWI would therefore detect the consequences of ictal
overactivation.

Using PI and DWI, we would not think that it is possible to
locate the epileptogenic focus. However, it is likely that the
tissue involved by seizure spread in the prolonged overactiva-
tion can be located with this method. Given the current lim-
itations in regard to spatial and temporal resolution, it may
indeed be very difficult for future MRI studies to differentiate
the epileptogenic focus from areas of seizure spread.

We identified different areas of DWI changes: acute DWI
hyperintensity in the hippocampal formation, the pulvinar
region of the thalamus or DWI hyperintensity in mainly cor-
tical areas adjacent to the primary pathology but clearly
involving normal-appearing cortical tissue. The acute DWI
hyperintensity involving the posterior part of thalamus, the
nuclei pulvinares thalami, demonstrated in nine of our
patients, is a novel MRI finding in epilepsy patients
(Fig. 2). Several lines of evidence suggest that thalamic nuclei
are involved in various epilepsy syndromes. In 1954 Penfield
and Jasper suggested extensive interrelationships of the
thalamic lateralis posterio pulvinar complex with the tem-
poroparietal cortex (Penfield and Jasper, 1954). Postictal
T2 hyperintensity was noted in the posterior thalamus on
T2-weighted MRI in a patient with a right parietal seizure
focus (Nagasaka et al., 2002). This phenomenon on DWI in
an acute peri-ictal state provides further evidence for a poten-
tial role of anatomical connections between the thalamus and
mesial temporal lobe structures in symptomatic epilepsy and
may add to the understanding of the extensive pulvinocortical
relationships (Shipp, 2003).

For clinicians, isolated signal change restricted to the hip-
pocampal area and/or the pulvinar may provide a diagnostic
clue to the underlying pathology of prolonged confusional
syndromes, especially in the elderly or in patients with other
primary pathologies. Also, cortical and subcortical DWI
changes not respecting vascular territories raise suspicion of
a non-vascular mechanism (Lansberg et al., 1999). Further-
more, the combination of hyperintensity on DWI with slight
ADC alteration in the presence of signs of hyperperfusion in
several arterial territories is a combination of MRI findings
that is unlikely to be confused with territorial ischaemia. If
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no other primary brain pathology is present, theoretically
encephalitis might induce similar MRI changes, but to our
knowledge no systematic studies on DWI and PI in enceph-
alitis are available to date. The MRI protocol used in this
study very much resembles the strategy employed in acute
stroke studies. Of course, additional DWI and structural MRI
sequences focusing on the hippocampus, thalamus and
possibly the primary pathology should be added.

PI and DWI can provide information complementary to
high-resolution structural MRI in the peri-ictal phase of status
epilepticus. Integration of acute DWI and PI results with
clinical and EEG results may be helpful to fully appreciate
the role of acute tissue changes in postictal clinical syn-
dromes. Combined PI and DWI provides information on
the location and extent of early haemodynamic and tissue
changes caused by ictal activity.
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