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Purpose : The purpose of this study was to describe arterial spin labeling MR image findings of status epilepticus.

Materials and Methods: A retrospective chart review within our institute revealed six patients who had been clinically
diagnosed as status epilepticus and had also undergone MR imaging that included ASL in addition to routine sequences.

Results: Six patients with status epilepticus were studied by conventional MR and arterial spin labeling imaging. All
patients showed increased regional CBF correlating with EEG pathology. Notably, in two patients, conventional MRI and
DWI showed no abnormal findings whereas pCASL demonstrated regional increased CBF in both patients.

Conclusion: Arterial spin labeling might offer additional diagnostic capabilities in the evaluation of patients with status

epilepticus.

Index words : Status epilepticus - Arterial spin labeling - Cerebral blood flow - Magnetic resonance imaging (MRI)

INTRODUCTION

Status epilepticus (SE) is a life-threatening
neurologic emergency condition that requires prompt
treatment. If it is not successfully treated, SE may lead
to permanent pathological damage and altered physio-
logical function of the brain resulting in significant
morbidity or mortality (1-5). Traditionally, general-
ized convulsive status epilepticus (CSE) is defined as
30 minutes of continuous tonic-clonic seizure activity
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or a series of seizures without a return to full
consciousness between the seizures (6). In contrast,
nonconvulsive status epilepticus (NCSE) is defined as
a change in behavior or mental processes that is
associated with continuous epileptiform discharges
measured by electroencephalogram (EEG) in the
absence of any convulsive symptoms (7). Anatomic
and functional neuroimaging techniques are now
standard diagnostic procedures particularly in cases
such as NCSE, where clinical and EEG findings are not
conclusive (8, 9).

Since epileptic activity increases metabolic demand
in the local cerebral cortex, it is accompanied by
temporarily increased regional brain perfusion.
Measuring cerebral blood flow (CBF) and metabolic
status has become a widely accepted method for
localizing the zone of ictal activity (10, 11). In the
same context, perfusion maps acquired using
perfusion CT or perfusion MR imaging have been
analyzed to identify regional hyperperfusion in SE
patients (12-14).

Although there are many methods to assess CBF,
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radioactive tracers such as 99mTc-HMPAO
(hexamethyl-propylene-amine-oxime) have been
traditionally used to quantify absolute CBF. Single
photo emission CT (SPECT) imaging with flow-
dependent radiotracers is known to aid in the diagno-
sis of partial SE by demonstrating increased regional
CBF and metabolic activity, and this speeds the start
of definitive treatment (15-17). Recent developments
in MRI, however, have made non-invasive measure-
ment of CBF possible; the emerging technique of
arterial spin labeling (ASL) facilitates the noninvasive,
absolute quantification of CBF without any radiation
exposure to the patient and without using contrast
media (18-20). Unlike nuclear medicine studies, ASL
is repeatable over short time intervals. This property
may lend itself to near realtime dynamic imaging of
the cerebral perfusion for both ictus and interictus
period (21). To our knowledge, there has been only a
limited number of SE case reports assessed with ASL
(21-23). We have reviewed the imaging findings of six

cases of SE patients who underwent ASL and investi-
gated any additional value of applying this method
towards the diagnosis of SE.

MATERIALS AND METHODS

This retrospective study was approved by our institu-
tional review board, and informed consent was
waived.

Study Population

A retrospective chart review within our institute
revealed six patients who had been clinically
diagnosed as SE and had also undergone MR imaging
that included ASL in addition to routine sequences.
The study took place between May 2010 and June
2011, and it included patients who presented at the
emergency room with various symptoms and were
diagnosed as SE based on clinical and EEG findings.
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Fig. 1. a. The pre and post pulses provide background suppression necessary for better contrast. Saturation was performed with
crusher gradients inferior to the labeling plane, allowing for the increase in sharpness of the bolus. The arterial spin labeling
experiment then consists of acquiring a labeled and a non-labeled (control) image and subtracting them to obtain the flow image. A
3D fast spin echo (FSE) spiral sequence has been implemented to acquire the signal which has prepared by the labeling sequence. The

slice loop is the inner most and is acquired in a centric fashion.

b. Quantification is performed as the equation, where 1.4 s for blood at 1.5 T is assumed. The partial saturation of the ‘PD’ reference
image is corrected for a T1 of 1.2 s typical of gray matter (44). While a more fully relaxed signal would be desirable, the saturation of
the receiver and the bright signal on the slightly T2-weighted FSE makes this undesirable. The partition coefficient, A, was set to the
whole brain average, 0.9, and the efficiency, ¢, is set to 0.80 x 0.75. This quantification assumes the label remains in blood and thus
T1 of the tissue, and the delay in the arrival time to the tissue, need not be quantified.
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The age of the patients (3 men and 3 women) ranged
from 21 to 62 years with a mean age of 46 years at the
time of diagnosis. Clinical records were reviewed to
assess patient demographics, medical histories, labora-
tory findings, and seizure profiles.

MR imaging

MRI was performed within 1 hour after cessation of
seizures in case of CSE, and after or during control of
seizures in case of NCSE. All patients received proper
antiepileptic medications prior to MR imaging studies.
MR images were obtained using a 1.5 T MR scanner
(Signa HDxt; GE Medical Systems, Milwaukee, WI)
with an 8-channel head coil. The imaging protocol
included an axial T2-weighted fast spin-echo sequence
with the following parameters: TR/TE, 5000/131 ms;
25 sections; section thickness, 5 mm; intersection gap,
1 mm; field of view, 220 x 220 mm; matrix, 448 X
256; one acquired signal; echo train length, 16; and
voxel resolution, 0.5 X 0.9 X 5.0 mm. An axial T1-
weighted SE sequence was also performed as follows:
TR/TE, 466/11 ms; section thickness, 5 mm; intersec-
tion gap, 1 mm,; field of view, 220 x 220 mm; matrix,
320 x 192; voxel resolution, 0.7 X 1.1 X 5 mm.

Echo-planar diffusion weighted image (DWI) was
performed in the axial plane, before the injection of
contrast material, with the following parameters:
TR/TE, 6000/63 ms; b-values, 0 and 1000 sec/mm?, 25
sections; bandwidth, 1953 Hz/voxel; section thickness,
5 mm; intersection gap, 1 mm; field of view, 240 X
240 mm; matrix, 160 x 160; two acquired signals;
and voxel resolution, 1.5 X 1.5 X 5.0 mm. DWI data
were acquired in three orthogonal directions and
combined into a trace image. Using these data,
apparent diffusion coefficient (ADC) maps were
calculated on a voxel-by-voxel basis using the software
incorporated within the MR imaging unit.

Recent technical advancement in the pseudo contin-
uous ASL (pCASL) significantly increased the flow
labeling efficacy within a single coil setting, which is a
modification of CASL (24, 25). pCASL sequence was
provided by GE Healthcare for ASL imaging (Fig. 1).
Tagging is applied for 1.5 s before a postspin-labeling
delay of 1.5 s. The image acquisition consisted of a
stack of interleaved fast spin echo spiral readouts that
each had duration of 4 ms. Each spiral arm included
512 sampling points in k-space and a total of 8
interleaves (arms) were acquired separately. In
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addition, reconstruction was performed using a
Fourier transform algorithm after the k-space data
were regridded into 64 x 64 matirx: TR/TE, 1345/5
msec; flip angle, 155°; 32 sections; section thickness, 5
mm; no intersection gap; field of view, 240 x 240
mm; three acquired signals; echo train length, one;
and voxel resolution, 3.8 X 3.8 X 5.0 mm.
Background suppression, which aims to remove the
signal from static tissue, was achieved using saturation
pulses. Saturation was performed with crusher
gradients inferior to the labeling plane, allowing for
the increase in sharpness of the bolus. Image
reconstruction was performed using code written in
Interactive Data Language (IDL) and running on a
virtual machine associated with the scanner. The
images were filtered using Fermi windowing to reduce
ringing artifacts. The surface coil intensity correction
was not used in the present study. When the division
(ASLdiff/PDref) is done for CBF calculation, all the
coil related shading is removed. Grad warp was not
applied. After reconstruction, the images were
converted into the DICOM format and inserted into
the database. If at least two phases were selected, such
that a reference image was available, then the differ-
ence images were converted into quantitative CBF
maps.

Fig. 2. An example of the ROI placement. ROIs were drawn in
the both normal brain cortical areas and pathologic regions
exhibiting the greatest CBF, and the values were recorded. CBF
was calculated by dividing the measured values in ROIs by ten.
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In all patients, axial T1-weighted sequences were
repeated after an intravenous administration of a
single dose of 0.1 mmol/kg gadopentetate dimeglu-
mine (Magnevist; Bayer Schering Pharma AG,
Germany).

Imaging analysis

The images were reviewed by a neuroradiologist
with 7 years of experience. Structural MR imaging
data (T1-weighted and T2-weighted images) were
analyzed for pre-existing abnormalities without
knowledge of clinical information. DWI data were also
evaluated for additional signal abnormalities, and
ADC values were measured and compared with those
of normal brain cortices.

In all patients, region of interests (ROIs) were drawn
in the brain cortical areas exhibiting the greatest CBF,
and the values were recorded (Fig. 2). This measure-
ment was done three times for each patient, and the
average value was calculated. For comparison, the
CBF values within an ROI placed in the contralateral
cortical region were measured and the mean value was
extracted. This was not possible in patient 3: this
patient exhibited bilateral regions of increased signal
intensity in the parietal and occipital lobes, and
reference ROI was placed randomly within normal
cortical tissues.

Fig. 3. 60-year-old man presenting with
generalized tonic-clonic seizure (patient 2).
a. A T2-weighted image shows tortuous
vascular structure (shown as signal voids),
which suggests the presence of an
arteriovenous malformation in the left
temporo-occipital lobe. Diffuse increased
T2 signal intensity in the same area was
noted. b. Left vertebral angiogram shows
an arteriovenous malformation in the left
temporo-occipital lobe. ¢. DWI results
demonstrate high SI in the left
frontoparietal lobe. d. decreased ADC
values were also observed in the affected
area. €. pCASL images demonstrate a
marked increase in CBF in the left
frontoparietal lobe.
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RESULTS

Three patients presented with acute symptomatic
tonic-clonic seizures; the other three patients had
atypical manifestations such as headache, hallucina-
tion, or altered mentality. All cases were definitely
diagnosed as CSE or NCSE by the treating medical
team (26, 27). With the exception of patient 1, all
EEG data were obtained during the ictal period. All
EEG recordings revealed focal nonspecific or specific
abnormal findings. The clinical, EEG data, and timing
of ASL imaging of the patients are summarized in
Table 1. The timing of ASL imaging was clinically
classified as periictal or postictal according to the
previous report (28).

MR images demonstrated various structural primary
pathologies in two patients, whereas no specific
diagnosis was made in three other patients. In patient
1, antineutrophil cytoplasmic antibody (ANCA) was
positive, which suggested ANCA-associated vasculitis,
while the laboratory data failed to reveal other
evidence suggesting infection or metabolic abnormali-
ties in the three other patients. Arteriovenous malfor-
mation was identified in the left medial temporo-

Table 1. Clinical Profiles and EEG Findings of Patients
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occipital lobe of patient 2 on angiograms (Fig. 3).
Patient 5 had a history of anaplastic oligoden-
droglioma resection and radiotherapy in the right
frontal area. All structural pathologies corresponded
to abnormal lateralization and localization of EEG
pathology. In patients 2 and 6, we observed increased
signal intensity on DWI and decreased ADC values in
the affected cortices. In contrast, patient 4
demonstrated increased signal intensity on DWI not
accompanied by low ADC values, which suggests that
subacute infarction had occurred. Patients 1, 3 and 5
showed no focal abnormalities on DWI or ADC maps.
Periictal or postictal pCASL perfusion MR imaging
was performed for each patient within one hour
following the EEG study. Patients who exhibited a
structural etiology also exhibited a regional increase in
CBF in the corresponding area on ASL images. Other
cases without structural pathologies also demonstrated
increased CBF that was localized to an area that had
shown abnormal waves on EEG. The mean CBF values
within ROIs located in abnormal cortex were 1.7 to
4.3 times higher than those in normal cortex.
Interestingly, in the cases of patients 1 and 3,
conventional MR imaging and DWI showed no
abnormal findings whereas pCASL demonstrated

Sei Profil imi
Age, Primary cerebral Initial crzuire Trore TlmuTg of ASL
Patient . Type EEG Mental imaging (after
Sex Eitielery presentation (ictal or postictal) status ~ cessation of seizures)

1 62,M ANCA-associated Headache NCSE Right frontal area, Confusion Postictal
vasculitis Hallucination slowing activity (postictal) (4 hours)

2  60,M Arteriovenous Generalized NCSE Left temporal area, continuous ~ Comatose Periictal

malformation in the left tonic-clonic periodic lateralized epileptiform
medial temporal lobe seizure discharges (ictal)
3 21, F Unknown cause Depression, NCSE Intermittent rhythmic Comatose Periictal
Altered mentality delta activity, bitemporal
areas (ictal)
4 48,F Unknown cause  Generalized tonic CSE Left temporal area, Alert Postictal
clonic seizure lateralized intermittent (< 1 hour)
rhythmic delta activity and a
few sharp waves (ictal)
5 34,M Anaplastic Generalized tonic- CSE Rhythmic delta activity with Alert Postictal
oligodendroglioma  clonic seizure evolutionary pattern in the (<1 hour)
recurrence right frontotemporal area (ictal)
6 51,F Unknown cause Altered mentality, NCSE Low amplitude rhythmic Comatose Periictal
negativism delta slowing activity in the

left hemisphere (ictal)
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regional increased CBF in both patients; this result
suggests that pCASL might offer additional diagnostic
capabilities in the evaluation of patients with SE (Fig.
4). These are summarized in Table 2.

DISCUSSION

This study reports pCASL image findings acquired
during the periictal or postictal stage of SE patients.
The findings consistently demonstrate the presence,
location and extent of epileptic foci in SE patients.
ASL findings never contradicted the EEG findings but
were the same time much better localized. The distrib-
ution of increased CBF values matched the location of

structural pathology detected on routine contrast-
enhanced MR images- if such pathology was present,
although the hyperemic foci on ASL imaging is not
necessarily the initial focus which needs to be
surgically removed (29). This result is in agreement
with previous studies that showed focal increased
perfusion in the epileptic foci (10-14).

ASL is a new technique that enables measurement of
absolute CBF without exogenous contrast agents by
using magnetically labeled water as a diffusible tracer
(18, 19). Due to the increased risk of nephrogenic
systemic fibrosis in conjunction with gadolinium
administration, the acquisition of perfusion data in
clinical populations that likely include patients with
chronic renal failure patients has been problematic

C

Fig. 4. 21-year-old woman presenting with
depression and altered mentality (patient
3).

a, b. A T2-weighted image (a) and fluid
attenuated inversion recovery image (b)
show no focal abnormal signal intensity.

c. DWI fails to depict any signal change.

d. ADC also demonstrates normal values.
e. pCASL images show diffusely increased
CBF in bilateral regions of the cortex,
particularly in the biparietal and occipital
lobes.
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Table 2. Imaging Characteristics of Study Population
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Contrast- CBF CBEF of normal
Location T2 DWI/ ADC (mL/100 gm/ cerebral cortices
enhanced T1 . .
min) (mL/100 gm/min)
1  Right Hemisphere Normal Normal / Normal Normal 146.2 34
2 Left medial High signal intensityl ~ High signal intensity /  Enhancement 233.1 76.7
temporal lobe in the left medial Decreased ADC value accompanied
temporal lobe by arteriovenous
including the malformation
hippocampal body
and tail
3 Bilateral cortex, Normal Normal / Normal Normal 113.7 50
especially in the
biparietal and
occipital lobes
4 Left medial temporal High signal intensity =~ Focal high signal Mild 103 36.6
lobe including the in the left intensity / Normal enhancement
hippocampus and hippocampus
uncus
5  Right frontal lobe Gyral thickening and ~ Normal / Normal Strong 85.5 50.5
high T2-weighted enhancement
signal intensity in the
right frontal lobe
6  Left cerebral Gyral thickening and ~ High signal intensity / ~ Diffuse 152 48
hemisphere high T2-weighted Decreased leptomeningeal
signal intensity in the ~ ADC values and parenchymal
left cerebral cortex enhancement

(30). ASL does not require the use of gadolinium-
based contrast agents and circumvents this important
issue. Another major benefit of ASL over conven-
tional bolus techniques is that ASL can be quantitative
(20). The majority of traditional perfusion techniques
available are qualitative and reflect relative changes in
cerebral blood volume, CBF, and mean transit time
(31, 32). Quantification allows for regional and global
assessments of cerebral perfusion. Relative perfusion
techniques do not reveal global hypo- or hyperperfu-
sion very easily. Quantification on an absolute scale
allows easy recognition of states such as hypercapnia
or diffuse hypoxic/anoxic injury. Regional assessment
of cerebral perfusion allows for easy comparisons
between pre- and post treatment states involving
chemotherapy, endarterectomy, thrombolysis, and
migraine or seizure therapy (21, 32). Interestingly,
Zaharchuk et al. reported that ASL imaging revealed
additional abnormalities in approximately half of
patients that exhibited normal bolus perfusion
weighted imaging findings. This finding suggests that
ASL gives additional and complementary hemody-
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namic information (33). In the present study, we used
a pCASL technique to measure CBF. pCASL was
introduced to match the inversion efficiency of CASL
while reducing RF power deposition. First developed
by Garcia et al., pCASL uses a train of discrete RF
pulses in conjunction with a synchronous gradient
field to mimic the flow-driven adiabatic inversion seen
in CASL without the need for special hardware (25).
Kim et al. emphasized the utility of combining DWI
with routine structural MR imaging in SE patients:
they observed increased signal intensity on both T2-
weighted and DWI images in association with diffusion
restriction on ADC maps in five of enrolled eight
patients, which suggests that cytotoxic edema were
induced by the seizure in that area (34). In addition,
Szabo et al. also reported that all patients (n=10)
showed regional hyperintensity on DWI and a
reduction of the ADC in their study population (14).
In the present study, however, patients 1 and 3 showed
no abnormal findings on routine MR sequences
(including DWI) although pCASL results demonstrated
abnormally increased CBF that correlated with EEG
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pathology. Our results correlate well with previous
reports. In the initial stage of ongoing seizure activity,
abnormal electrical activity leads to a sustained
twofold to threefold increase in cerebral metabolic rate
of oxygen/glucose consumption (35, 36). This increase
in the metabolic workload is coupled with an increase
in CBF during the early phase of SE (10, 35-37).
Because of this compensation, the cellular energy state
can be held at close to normal values (38). Perfusion
MR imaging, positron-emission tomography, and
SPECT are all sensitive methods for detecting
hyperperfusion at any stage (34, 39-41), but ADC
fails to detect initial hyperperfusion without cell
edema in this stage. Engelhorn et al. studied rats after
pilocarpine-induced SE using multilocal perfusion
weighted imaging for detecting the alterations of
cerebral perfusion at 3, 15, 30, 60, and 120 minutes
after the onset of SE (39). Transient cerebral hyperper-
fusion was observed immediately after SE onset for
approximately 3-10 minutes, and the maximum effect
was observed in the amygdala (129+/-16 %) and
hippocampus (130+/-21%). In addition, persistent
hyperperfusion 12-24 hours after a seizure episode
was reported (42), and we also observed a similar
pattern in the patient 1, who showed hyperperfusion 4
hours after the cessation of seizures. Takeshita et al.
reported that patients (seven of the enrolled 15
patients) with arteriovenous malformation had
abnormal decreased perfusion areas in the tissues
adjacent to the nidus (43); thus, we believe that
hyperperfusion on ASL imaging observed in the
patient 2 having arteriovernous malformation is
related with SE. Finally, we believe that ASL might
also have increased diagnostic value in cases of SE as a
sensitive imaging modality.

Apart from the intrinsic limits of any retrospective
study, several other limitations of our study should be
mentioned. First, the ASL imaging was performed
closely (within 1 hour) following the EEG study, but it
was not simultaneous with the EEG. We interpreted
the timing of the ASL study as periictal or postictal
according to the EEG findings and clinical information
for convenience. Second, the current study did not
include a validation of ASL as a method for CBF
quantification. In three patients, we observed CBF
values of 34, 36.6 and 76.7 mL/100g/min in the
normal cerebral cortices, which might result from
quantification or measurement bias. Future study is
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necessary to assess the correlation between ASL and
SPECT findings in individual patients. Third, although
dynamic susceptibility (DSC) imaging is widely applic-
able providing various parameters including CBF,
MTT, TTP as well as CBV which ASL does not, the
comparative standard DSC perfusion imaging data
matched with ASL was not available with the patients
in our study. The comparison between DSC imaging
and ASL in the assessment of brain perfusion will help
validation of the feasibility of ASL imaging. Fourth,
we measured CBF by using subjective ROI placement
on ASL imaging, which could result in the misinterpre-
tation of CBF data of the brain. Thus, we believe that
the further study using a quantitative analysis based
on whole-brain voxel data from case control study is
also warranted to validate our results.

CONCLUSION

In the present study, pCASL images showed focal
increased perfusion in the epileptic foci, which
correlated well with EEG results. We believe that ASL
is a technique that is generally recognized as safe and
allows for repeated monitoring without the detriment
of accumulated radiation dose or necessity of contrast
infusion. However, it will be necessary to perform
ASL simultaneously with SPECT or EEG monitoring
for further validation of this method.

References

. Jack C, Sharbrough F, Twomey C, et al. Temporal lobe seizures:
lateralization with MR volume measurements of the hippocam-
pal formation. Radiology 1990;175:423-429

. Jackson G, Berkovic S, Duncan J, Connelly A. Optimizing the
diagnosis of hippocampal sclerosis using MR imaging. AJNR Am
J Neuroradiol 1993;14:753-762

. Lansberg M, O’Brien M, Norbash A, Moseley M, Morrell M,
Albers G. MRI abnormalities associated with partial status
epilepticus. Neurology 1999;52:1021-1027

. Men S. Selective neuronal necrosis associated with status epilep-
ticus: MR findings. AJNR Am J Neuroradiol 2000;21:1837-1840

. Treiman DM, Meyers PD, Walton NY, et al. A comparison of
four treatments for generalized convulsive status epilepticus.
Veterans affairs status epilepticus cooperative study group. N
Engl J Med 1998;339:792-798

. Shepherd SM. Management of status epilepticus. Emerg Med
Clin North Am 1994;12:941-961

. Meierkord H, Holtkamp M. Non-convulsive status epilepticus in
adults: clinical forms and treatment. Lancet Neurol 2007;6:329-
339



Pseudo Continuous Arterial Spin Labeling MR Imaging of Status Epilepticus

8. Devinsky O, Kelley K, Porter RJ, Theodore WH. Clinical and
electroencephalographic features of simple partial seizures.
Neurology 1988;38:1347-1352

9. Williamson PD, Spencer DD, Spencer SS, Novelly RA, Mattson
RH. Complex partial seizures of frontal lobe origin. Ann Neurol
1985;18:497-504

10. Duncan R. Epilepsy, cerebral blood flow, and cerebral metabolic
rate. Cerebrovasc Brain Metab Rev 1992;4:105-121

11. Schwartz TH. Neurovascular coupling and epilepsy: hemody-
namic markers for localizing and predicting seizure onset.
Epilepsy Curr 2007;7:91-94

12.Engelhorn T, Hufnagel A, Weise J, Baehr M, Doerfler A.
Monitoring of acute generalized status epilepticus using multilo-
cal diffusion MR imaging: early prediction of regional neuronal
damage. AJNR Am J Neuroradiol 2007;28:321-327

13. Hauf M, Slotboom J, Nirkko A, Von Bredow F, Ozdoba C,
Wiest R. Cortical regional hyperperfusion in nonconvulsive
status epilepticus measured by dynamic brain perfusion CT.
AJNR Am J Neuroradiol 2009;30:693-698

14. Szabo K, Poepel A, Pohlmann-Eden B, et al. Diffusion-weighted
and perfusion MRI demonstrates parenchymal changes in
complex partial status epilepticus. Brain 2005;128:1369-1376

15.Bauer J, Stefan H, Huk W, et al. CT, MRI and SPECT
neuroimaging in status epilepticus with simple partial and
complex partial seizures: case report. J Neurol 1989;236:296-
299

16.Katz A, Bose A, Lind SJ, Spencer SS. SPECT in patients with
epilepsia partialis continua. Neurology 1990;40:1848-1850

17. Tatum WO, Alavi A, Stecker MM. Technetium-99m-HMPAO
SPECT in partial status epilepticus. J Nucl Med 1994;35:1087-
1094

18.Detre JA, Leigh JS, Williams DS, Koretsky AP. Perfusion
imaging. Magn Reson Med 1992;23:37-45

19. Dixon WT, Du LN, Faul DD, Gado M, Rossnick S. Projection
angiograms of blood labeled by adiabatic fast passage. Magn
Reson Med 1986;3:454-462

20.Yang Y, Frank JA, Hou L, Ye FQ, McLaughlin AC, Duyn JH.
Multislice imaging of quantitative cerebral perfusion with pulsed
arterial spin labeling. Magn Reson Med 1998;39:825-832

21.Pollock JM, Tan H, Kraft RA, Whitlow CT, Burdette JH,
Maldjian JA. Arterial spin-labeled MR perfusion imaging:
clinical applications. Magn Reson Imaging Clin N Am 2009;17:
315-338

22.Toledo M, Munuera J, Salas-Puig X, Santamarina E, Lacuey N,
Rovira A. Localisation value of ictal arterial spin-labelled
sequences in partial seizures. Epileptic Disord 2011;13:336-339

23.Pollock JM, Deibler AR, West TG, Burdette JH, Kraft RA,
Maldjian JA. Arterial spin-labeled magnetic resonance imaging
in hyperperfused seizure focus: a case report. J Comput Assist
Tomogr 2008;32:291-292

24.Dai W, Garcia D, De Bazelaire C, Alsop DC. Continuous flow-
driven inversion for arterial spin labeling using pulsed radio
frequency and gradient fields. Magn Reson Med 2008;60:1488-
1497

25. Garcia D, De Bazelaire C, Alsop D. Pseudo-continuous flow
driven adiabatic inversion for arterial spin labeling. Proceedings
of thirteenth scientific meeting and exhibition of the interna-
tional society for magnetic resonance in medicine, May 7-13,

150

Minkyung Yi, et al.

2005. Miami, Fla: ISMRM; 2005:37

26.Kaplan PW. The clinical features, diagnosis, and prognosis of
nonconvulsive status epilepticus. Neurologist 2005;11:348-361

27. Shneker BF, Fountain NB. Assessment of acute morbidity and
mortality in nonconvulsive status epilepticus. Neurology
2003;61:1066-1073

28.Cole AJ. Status epilepticus and periictal imaging. Epilepsia
2004;45:72-77

29. Duffner F, Freudenstein D, Schiffbauer H, et al. Combining
MEG and MRI with neuronavigation for treatment of an epilep-
tiform spike focus in the precentral region: a technical case
report. Surg Neurol 2003;59:40-45

30.Sadowski EA, Bennett LK, Chan MR, et al. Nephrogenic
systemic fibrosis: risk factors and incidence estimation.
Radiology 2007;243:148-157

31. Wintermark M, Sesay M, Barbier E, et al. Comparative
overview of brain perfusion imaging techniques. Stroke 2005;
36:e83-e99

32.Kang M, Choi JC, Kwon HJ, et al. Cerebral Perfusion MR
findings before and after a carotid stent. J Korean Soc Radiol
2009;62:79-85

33.Zaharchuk G, Bammer R, Straka M, et al. Arterial spin-label
imaging in patients with normal bolus perfusion-weighted MR
imaging findings: pilot identification of the borderzone sign.
Radiology 2009;252:797-807

34.Kim JA, Chung JI, Yoon PH, et al. Transient MR signal changes
in patients with generalized tonicoclonic seizure or status epilep-
ticus: periictal diffusion-weighted imaging. AJNR Am J
Neuroradiol 2001;22:1149-1160

35. Borgstrom L, Chapman A, Siesjo B. Glucose consumption in the
cerebral cortex of rat during bicuculline induced status epilepti-
cus. J Neurochem 1976;27:971-973

36. Meldrum BS, Nilsson B. Cerebral blood flow and metabolic rate
early and late in prolonged epileptic seizures induced in rats by
bicuculline. Brain 1976;99:523-542

37.Schomer DL. Focal status epilepticus and epilepsia partialis
continua in adults and children. Epilepsia 1993;34:529-5S36

38. Chapman A, Meldrum B, Siesio B. Cerebral metabolic changes
during prolonged epileptic seizures in rats. J Neurochem
1977;28:1025-1035

39.Engelhorn T, Doerfler A, Weise J, Baehr M, Forsting M,
Hufnagel A. Cerebral perfusion alterations during the acute
phase of experimental generalized status epilepticus: prediction
of survival by using perfusion-weighted MR imaging and
histopathology. AJNR Am J Neuroradiol 2005;26:1563-1570

40. O’ Brien TJ. SPECT: methodology. Adv Neurol 2000;83:11-32

41.Warach S, Levin J, Schomer D, Holman B, Edelman R.
Hyperperfusion of ictal seizure focus demonstrated by MR
perfusion imaging. AJNR Am J Neuroradiol 1994;15:965-968

42. Tatlidil R. Persistent postictal hyperperfusion demonstrated with
PET. Epilepsy Res 2000;42:83-88

43. Takeshita G, Toyama H, Nakane K, et al. Evaluation of regional
cerebral blood flow changes on perifocal brain tissue SPECT
before and after removal of arteriovenous malformations. Nucl
Med Commun 1994;15:461-468

44, Stanisz GJ, Odrobina EE, Pun J, et al. T1, T2 relaxation and
magnetization transfer in tissue at 3T. Magn Reson Med
2005;54:507-512



JKSMRM 16(2) : 142-151, 2012

CHSIAD IS LISISIA 16:142-151(2012)

) gojeaL o)z
2 gef st o) st A

S5 85050 B 2 ehilsl A7) YA A dobiuz g,

CHAVTH 4 22 7)akel] RIS SAFE-S dho b8 02 il 3 BAFHTOE 4%

A B 2 el e EYRE A7) SRS S BAES Ho} oln] A F B4 elglet.

Ak 3 ool PAFHF ASe] AEglon] o] YRS BT EEGeIA o 4hdro] Vehd F9lo] F4
3] 5 o] $AellAE DWIE F3ht 2414 471393 Aol B So] 47

HolA] ghgkor} ) sl ehile) ofulAell 4t F2% 0 2 Z7hel CBFE Hgivt,

AE: AN BAE %

Aoz 7vpEt,

)
i
=
~
e
TQ
r.tl

¢
oy
2
o,
2
>
i
o
=
»
s
&
z
)
O
N
N
o
o
>
2
i)
o
£
Ey
2
0,
(o3
o
o
e
ol
3%
o

FAAZL L A, (110-744) A4 T2 Q78 28WA], Ageha 3ot A2 starg 9l 4]k
Tel. (02) 2072-2861 Fax. (02) 743-6385 E-mail: verocay @snuh.org

151



