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Ictal Cerebral Blood Flow in Seizures Originating in

the Posterolateral Cortex
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In selecting patients for epilepsy surgery, it is important to distin-
guish mesial temporal seizures from seizures originating in the
posterolateral cortex. We studied ictal cerebral ion in five
patients with complex partial seizures with clear posterior EEG ictal
onsets and clinical seizure semiology suggesting seizure origin in the
posterolateral cortex. Methods: Ictal SPECT was performed during
video EEG monitoring using ®*™Tc-HMPAO as a cerebral perfusion
tracer and a rotating gamma camera to acquire images. Results:
Three patterns of ictal hyperperfusion were seen: pattern A =
temporoparieto-occipital junction extending into the lateral temporal
cortex, involving the mesial temporal cortex and basal ganglia to a
lesser degree and a small area of hyperperfusion in the contralateral
parietal cortex (two patients); pattern B = pattern A but with no
hyperperfusion of the mesial temporal cortex (one patient); and
pattern C = localized hyperperfusion in the area of the temporopa-
rieto-occipital junction (two patients). Conclusion: Our results sug-
gest distinct patterns of ictal perfusion in seizures with posterolateral
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ictal EEG onsets. Ictal SPECT may be useful in distinguishing such
seizures.

Key Words: cerebral blood flow; epilepsy; temporoparieto-occipital
junction seizures; localization

J Nucl Med 1996; 37:1946-1951

Ictal HMPAO-SPECT has been used as a localizing investi-
gation in partial epilepsies, particularly those of mesial temporal
lobe origin, where studies have shown accurately localizing
changes in a high proportion of cases (/-19). The pattern of
perfusion change seen during seizures originating in the mesial
temporal lobe (2,3,8,11,13) shows hyperperfusion of the entire
anterior temporal lobe, including the mesial and lateral cortices.
This hyperperfusion could extend into the ipsilateral basal
ganglia and involve the contralateral temporal lobe. The rest of
the ipsilateral hemisphere is hypoperfused. Fewer data exist on
postictal patterns of perfusion in extratemporal seizures
(15-19), but it has been suggested that early injection of
HMPAO can detect changes in rCBF, which can produce useful
localizing information (/9).
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Seizures of the posterolateral cortex in the area of the
temporoparieto-occipital junction are not extensively described
in the literature. Because limbic structures are sometimes
involved early by propagation of the ictal discharge, seizures in
this area are sometimes difficult to distinguish from those of
mesial temporal origin (20), although ictal discharges in our
patients had clear posterior onsets. Temporoparieto-occipital
junction seizures are characterized by early clinical features of
involvement by seizure discharges of neighboring areas of the
temporal, parietal and occipital lobes, such as, vertiginous
sensations (20), visual hallucinations (2/), head and truncal
version gyration (22,23) and oculoclonus and rapid blinking
(20). Further seizure features suggesting mesial temporal
propagation, such as oro-alimentary and gestural automa-
tisms (23,24), occur. Long-lasting postictal aphasia is also
seen. As surgical treatment is not often contemplated in such
patients, invasive EEG localizing data and its confirmation
by a successful resection are not usually available. The
detection of these seizures is nonetheless important. Stan-
dard temporal lobe resections (anterior temporal lobectomy,
amygdalo-hippocampectomy) are unlikely to affect tem-
poroparieto-occipital junction seizures, and the seizure area
itself is not amenable to resection on the dominant side.

We present ictal HMPAO-SPECT data with EEG and
clinical correlations in five patients with clear posterior ictal
EEG onsets. We also note the clinical ictal features that
suggested seizure origin in the area of the temporoparieto-
occipital junction.

MATERIALS AND METHODS
Patients

All five patients (3 men, 2 woman, age range 14-38, mean age
29.2 yr) had complex partial seizures refractory to medical treat-
ment. They were studied while having vidleo EEG monitoring as
part of their assessment for possible surgical treatment. Patient
selection was based on whether clear ictal EEG onset in the
posterior temporal or inferior parietal leads was present.

Clinical, EEG and imaging data are summarized in Table 1. All
patients had full clinical and psychometric assessment, MRI with
coronal and axial T1 and T2 slices in temporal lobe orientation,
multiple and prolonged surface interictal EEG recordings, and at
least 5 days of daytime video EEG monitoring. Nineteen monopo-
lar channels of EEG were recorded using a system which allowed
retrospective filtering and reformatting of the signal into any
montage. EEG and video data were analyzed independently to the
SPECT results. All patients had clear posterior seizure onsets on
surface ictal EEG before the development of clinical features of the
seizure.

Three patients had initial ictal clinical features suggestive of
involvement of posterior cortex: truncal version (one patient),
audiovisual hallucination followed by truncal version (one patient)
and palpebral and ocular clonus (one patient). One patient had
postictal aphasia which lasted approximately ten times as long as
the seizure (typical seizure duration 2-3 min). No patient had ictal
semiological features suggestive of mesial temporal lobe seizure
origin (e.g., abdominal aura, oro-alimentary automatisms).

Three patients had posteriorly distributed interictal epileptiform
abnormalities. One patient had bilateral temporal interictal dis-
charges and the other had unilateral midtemporal discharges. One
patient had an area of cortical dysplasia on MRI in the area of the
temporoparieto-occipital junction. MRI was normal in the other
four patients, and none of the patients had any abnormality of
signal or structure in the mesial temporal structures. No incongru-
ent localizing data were seen in this study.
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Interictal SPECT

Patients were administered 740 MBq **™Tc-HMPAO, which had
been reconstituted immediately beforehand, while in the supine
position with their eyes closed in a quiet room. Image acquisition
was performed using a gamma camera with a high-resolution,
low-energy collimator; 64 planar images were acquired in a 128 X
128 matrix, each over 30 sec, giving a total acquisition time of 32
min. An average of 40,000 counts per image were acquired. The
images were reconstructed in three dimensions using a Butterworth
4/16 filter with appropriate cutoff. The injection was performed
more than 24 hr from the last seizure.

Ictal SPECT

Technetium-99m-pertechnetate was placed in a shielded con-
tainer with a vial of HMPAO in proximity to the patients, who were
under observation in the monitoring unit. On observing electrical
and clinical ictal manifestations, the technologist summoned the
doctor who quickly mixed the [*™Tc]pertechnetate and the HM-
PAO and injected the compound through a preinserted intravenous
catheter. The patient was then transferred to the SPECT unit and
image acquisition was performed as detailed above within 1 hr of
injection.
Visual Analysis of Images

Images were analyzed independently by two investigators blind
to all data except the diagnosis of epilepsy. Interictal and ictal
images were initially analyzed separately, and ictal changes were
then assessed using both image sets. In assessing images, account
was taken not only side-to-side asymmetries but the relationships
between the ipsilateral structures. Images were analyzed onscreen
as part of a three-dimensional dataset that could be resliced in any
plane.

Numeric Analysis of Images

Datasets were transferred to a Macintosh computer and analyzed
using the SME Neuro 900 image analysis software (Strichmann
Medical Systems, Ltd.). Ictal and interictal images were coregis-
tered. Predrawn templates of symmetric regions of interest (ROIs)
were placed on images according to signal profiles as follows:
medial frontal, inferior, intermediate and superior lateral frontal,
mesial temporal, anterior lateral temporal, inferior and superior
posterior lateral temporal, parietal, medial and lateral occipital and
basal ganglia and cerebellar. Asymmetry indices (AI) were calcu-
lated using the following formula:

Al = 100 X (L-R)/((L + R)/2). Eq. 1

The index is positive when the count density is greater on the
left. For ictal images, percentage change in Al with respect to the
interictal image was calculated. In addition to measurements using
predetermined ROIs, a 10-pixel square ROI was placed according
to measured signal profile over the area of maximal signal in each
ictal scan. Al was calculated with reference to the homotopic
contralateral cortex and compared with the same areas on the
coregistered interictal scan.

RESULTS

The results of HMPAO-SPECT are summarized in Table 1.
Ictal percentage change in Al with respect to the interictal
image is shown in Table 2.

According to visual analysis, Patient 1, whose interictal scan
was obtained 48 hr after the ictal scan, with no intervening
seizures, had localized hypoperfusion of the left mesial tempo-
ral lobe and hyperperfusion of the posterior lateral cortex. These
abnormalities were associated with mesial and lateral temporal
asymmetry indices of 6.2% and 12.4%, respectively. The
patient also had a cerebellar Al of 10.9%, although asymmetry
was not noted visually by the observers. In Patient 4, there was
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TABLE 1
Clinical, MRI and EEG Localizing Data: Results of Interictal and Ictal SPECT

Patient Interictal
no. MRI Seizure semiology EEG

1 Nomal Initial tonic grimace L mid temporal
with head and truncal spikes
version
No aura

2 Cortical dysplasia Initial complex audio- L posterior

posterolateral visual hallucination, T spike and
temporal cortex then head and truncal slow

version. Postictal aphasia

3 Normal Initial palpebral clonus L TP sharp and slow
and nystagmoid ocular wave discharges
deviation
No aura

4 Normal Initial tonic grimace Bilateral TPO sharp
and mastication and slow waves
Nonspecific aura

5 Normal Massive postictal Bitemporal
aphasia asynchronous sharp
No aura and slow discharges

L = left; R = right; T = temporal; m = mesial; P = parietal; O = occipital; TPOJ = temporoparieto-occipital junction.

diffuse hypoperfusion involving the left frontal, parietal and
temporal lobes, maximal in the posterior temporal ROI (Als
-13.9%, -13.8% and -16.0% in the lateral frontal, parietal and
posterior temporal ROIs, respectively). Patient 2 had a localized
area of hypoperfusion consistent with his MRI lesion. Interictal
perfusion was normal in Patients 3 and S.

Three patterns of ictal hyperperfusion were seen:

1. Hyperperfusion of the temporoparieto-occipital junction
on the side of EEG seizure onset, extending into the
ipsilateral lateral temporal cortex, with lesser hyperperfu-
sion of the mesial temporal cortex and basal ganglia, and
a small area of hyperperfusion in the contralateral parietal
lobe. This pattern was seen in Patients 1 and 4 and is
illustrated in Figure 1.

2. Hyperperfusion of the temporoparieto-occipital junction
on the side of EEG seizure onset, extending into the lateral
temporal cortex, with a small area of hyperperfusion of
the contralateral parietal lobe. No hyperperfusion of the
mesial temporal cortex or basal ganglia. This pattern was
seen in Patient 5 and is illustrated in Figure 2.

3. Isolated and localized hyperperfusion of the temporopa-
rieto-occipital junction on the side of EEG seizure onset.
This pattern was seen in Patients 2 and 3 and is illustrated
in Figure 3.

Four patients (1, 2, 4 and 5) also showed widespread ictal
hypoperfusion of the hemisphere ipsilateral to seizure onset,
excepting the hyperperfused areas mentioned previously.

Changes at the TPOJ in Al with respect to interictal figures
were 40.9% (Patient 1), 18% (Patient 2), 33% (Patient 3), 59%

(Patient 4) and 56.0% (Patient 5). The hyperperfusion was
visually most impressive in Patient 5, where it involved a large
area around the temporoparieto-occipital junction seizures,
extending into adjacent parietal, occipital and temporal areas
(Fig. 2A, B).

In Patients 1 and 5, ictal hypoperfusion was maximal in the
inferior lateral frontal ROI, which was placed just anterior to the
central sulcus in the area of the frontal operculum, with Al
changes -38.3% and -23.3%, respectively. In Patient 4, the
hypoperfusion was maximal in the superior lateral frontal ROI,
with an Al change to -18.1%. Patient 3 showed a change to
-18.1% in the intermediate lateral frontal ROI, which was not
noted visually.

Patient 1 (Fig. 1A, B) demonstrated the most marked hyper-
perfusion of mesial structures, with ictal changes in mesial and
lateral temporal Als of 23.2% and 10.0%, respectively (bearing
in mind that the latter figure was relative to an interictal anterior
lateral temporal Al of 12.4 mentioned above). Patients 2 and 3
showed relatively small changes, of -3.4 and 0.1%, respectively,
while Patient 4 showed a change of 9.4%, in keeping with the
increase in perfusion noted visually. No mesial temporal changes
were detected visually in these three patients. Patient 5 was
visually reported to have ictal hypoperfusion of the mesial tempo-
ral cortex, and this was associated with -15.1% change in Al

DISCUSSION

In all of our patients, the ictal patterns of perfusion were
distinguished from those seen in mesial temporal seizures in
that the hyperperfusion was clearly maximal in the tem-
poroparieto-occipital junction. The perfusion patterns in
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Continued
Ictal EG Ictal SPECT
Interictal Injection
Onset Distribution SPECT time Abnormality
LTP L then R temporo- L TPO hyperperfusion 55 sec after Hyperperfusion L lat. TPOJ extending
flattening parietal polyspikes LmT hyperperfusion onset into anterior lateral greater than mesial
temporal lobe and basal ganglia
hypoperfusion of rest of L hemisphere
small area of hyperperfusion L parietal
lobe
L posterior T L posterior T Focal deficit at TPOJ 28 sec after L PTOJ hyperperfusion
fiattening fast discharge termination hypoperfusion of
rest of L hemisphere
L TO flattening L TO spikes Normal 38 sec after localized
then PO spikes, onset L TPOJ hyperperfusion
then R TO
spikes
R TO fast spikes Rthen L TO R hemispheric 62 sec after R TPOJ hyperperfusion extending into
fast spikes hypoperfusion onset lateral greater than mesial temporal
lobe and basal ganglia hypoperfusion
of rest of R hemisphere
Small area of hyperperfusion
L parietal lobe
L posterior L then R posterior normal 35 sec after Massive hyperperfusion of L TPOJ and
temporal temporal spike onset surrounding areas, extending into lat
spike discharge discharge temporal cortex hypoperfusion of rest

of L hemisphere, including mesial
temporal lobe small area of
hyperperfusion in R parietal lobe

L = left; R = right; T = temporal; m = mesial; P = parietal; O = occipital; TPOJ = temporoparieto-occipital junction.

TABLE 2
Ictal Changes in Asymmetry Index (Al) with
Respect to Interictal Al*

Patient no.
1 2 3 4 5
Side of EEG onset
L L L R L
ROI

Med frontal —-23.6 2.8 -5.1 —-4.2 -6.3
Sup lat frontal -20.8 -10.5 -10.6 -18.1 -156.7
Int lat frontal -38.3 -79 -18.1 -0.6 -23.3
Inf lat frontal -30.4 -8.1 -9.6 -0.5 -16.0
Basal ganglia 19 0.8 13.2 -121 0.7
Med temporal 232 -3.4 0.1 9.4 -16.1
Ant lat temp 100 -114 0.5 84 244
Sup posttemp  —26.3 -35 -19 -45 25.7
Inf post temp -229 -84 88 -100 15.1
Parietal -34.2 -6.6 8.9 -13.6 3.2
Calcarine -13.6 03 22 -11 -9.0
Lat occipital -20.1 —-43 27 16.3 1.1
Cerebellum -18.9 -1.7 03 -6.7 -1.8
TPOJ 40.9 18.0 33.0 59.0 56.0

*Polarity of changes is given with respect to the side of the EEG onset (i.e.,
changes are positive when there has been an increase in counts on the side
of the EEG onset change and negative when there has been a decrease on
the side of EEG onset.
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Patients 1 and 4 bore the most similarity to that of a mesial
temporal seizure (illustrated in Fig. 4), in that the mesial
structures were hyperperfused as were, to some extent, the
ipsilateral basal ganglia. The two main differences picked out
by the observers, however, were the existence of an intense area
of hyperperfusion in the area of the temporoparieto-occipital
junction seizures and an unusual preponderance of lateral and
polar versus medial temporal hyperperfusion more anteriorly
[there is a slight preponderance of lateral temporal signal during
mesial temporal seizures using some imaging systems (3)]. It

FIGURE 1. Patient 1. Posterior coronal slice shows localized but intense
hyperperfusion in the area of the temporoparieto-occipital junction on the left
(arrow, A). Note the small area of hyperperfusion in the right parietal cortex
(arrow). Same dataset as in Figure 1A, but resliced to show axial views
oriented in the plane of the long axis of the temporal lobe (B). There is
hyperperfusion involving all temporal structures, but it is most intense at its
posterior margin near the temporoparieto-occipital junction seizures (arrow).
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FIGURE 2. Patient 5. Posterior coronal slice shows hyperperfusion involving
the posterior temporal, inferior parietal and anterolateral occipital cortex on
the left (arow), with a small, less intense and superiorly placed area of
hyperperfusion on the right (arrow, A). ictal change in Al was 40.9% in the
area of the temporoparieto-occipital junction. Same dataset as Figure 2A, but
resliced to show axial views oriented in the plane of the long axis of the
temporal lobe. Note the slight relative hypoperfusion of ipsilateral anterome-
sial temporal structures (amow, B).

might be argued that the lateral over mesial preponderance seen
in the present study was due to attenuation effects, but the
reconstruction parameters used in this study usually produce a
signal difference of 15% in count density between mesial and
lateral temporal lobe (see Fig. 4). The difference on the ictal
image in Patient 1 was 53%.

Ictal hyperperfusion persisting for periods of days has been
documented (25) and may be the cause of apparently interictal
(by EEG and clinical definition) hyperperfusion observed in
some studies (26). In this study, interictal HMPAO injections
were not administered with EEG leads on and, although there
was no clinical evidence of seizure activity at the time, this
could not be entirely ruled out as a cause of apparent interictal
hyperperfusion in Patient 1.

Major contralateral propagation of the seizure discharge was
seen on EEG in all five patients in the present series. Evidence
of contralateral hyperperfusion was seen on SPECT in three. In
all patients, the contralateral activated area was small and
placed in the parietal lobe, higher than the site of major
activation on the side of seizure onset. Three of five patients
showed extensive hyperperfusion of the ipsilateral lateral tem-
poral cortex anterior to the temporoparieto-occipital junction
seizures. This was consistent with anterior spread of ictal EEG
discharges seen as the seizure progressed. Patients 1 and 4

FIGURE 3. Patient 2. Axial slice in the orbitomeatal plane shows hyperper-
fusion in the area of the left temporoparieto-occipital junction (arrow) with
hypoperfusion of the rest of the ipsilateral hemisphere.

FIGURE 4. Ictal HMPAO-SPECT axial slice in the long-axis of the temporal
lobe. Dataset was acquired with the same gamma camera used for the five
patients in the present study. This temporal lobe slice illustrates the pattem
of perfusion seen in previous studies of mesial temporal lobe seizures
2,3,8,11), i.e., hyperperfusion of the whole temporal lobe (arrow), which is
displayed for purposes of comparison with the present series. As measured
using the ROIs shown (the same as those used to analyze the datasets for
the five patients in the present study), the left lateral temporal signal level was
13.8% more than the left mesial temporal signal level. This can be compared
with the mesial-lateral difference of 53% in Patient 1.

showed activation of the mesial temporal cortex and had
hyperperfusion of the basal ganglia. In contrast, both mesial
temporal cortex and basal ganglia were relatively hypoperfused
in Patient 5. The connectivity of mesial temporal structures,
particularly the amygdaloid nucleus, with the basal ganglia is
well-recognized (27). This may explain ictal dystonia in mesial
temporal seizures (/3), although careful examination of the
seizure videos in Patients 1 and 4 showed no evidence of
dystonic posturing.

Since clinical, imaging and noninvasive EEG data suggested
seizure origin in the area of the temporoparieto-occipital junc-
tion, our patients did not have invasive EEG confirmation of
site of origin of their seizures, and so the data presented here
should be evaluated with this in mind. Nonetheless, our patient
group was distinguished from patients with mesial temporal
lobe epilepsy (MTLE) by clear posterior surface ictal EEG
onsets, semiological features suggesting involvement of pos-
terolateral cortex and the absence of semiological features of
MTLE. Their patterns of ictal perfusion also differed from those
in MTLE.

CONCLUSION

Our study suggests a distinct pattern of ictal perfusion in
patients with posterolateral ictal EEG onsets, whose major
elements are hyperperfusion in the area of the temporoparieto-
occipital junction seizures plus or minus hyperperfusion of
ipsilateral temporal lobe structures, contralateral parietal hyper-
perfusion and ipsilateral hemispheric hyperperfusion. Further
study of larger series is required, but the present data provide
evidence that ictal SPECT may be useful in distinguishing
seizures in the area of the temporoparieto-occipital junction
seizures from mesial temporal seizures, thus averting inappro-
priate surgical treatment.
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Dobutamine Thallium-201 SPECT Imaging for
Assessment of Peri-Infarction and Remote

Myocardial Ischemia

Abdou Elhendy, Jan H. Cornel, Jos R.T.C. Roelandt, Ron T. van Domburg, Marcel L. Geleijnse, Peter A.J. Hoeymans,
Ambroos E.M. Reijs, Folkert J. TenCate, M. Moshen Ibrahim and Paolo M. Fioretti

Thoraxcenter and Department of Nuclear Medicine, University Hospital Rotterdam-Dijkzigt; Erasmus University, Rotterdam,
The Netherlands, and Department of Cardiology, Cairo University Hospital, Cairo, Egypt

This study assessed the value of dobutamine 2°'Tl scintigraphy for
detecting significant disease of infarct-related and remote coronary
arteries in myocardial infarction patients. Methods: Dobutamine (up
to 40 ng/kg/min)/atropine (up to 1 mg) stress test in conjunction with
stress-reinjection 2°'TI SPECT was performed in 71 symptomatic
patients with left ventricular dysfunction >3 mo after myocardial
infarction. Ischemia was defined as reversible perfusion defects.
Resuilts: Significant coronary artery stenosis (=50% luminal diam-
eter stenosis) was detected in all patients. Sensitivity, specificity and
accuracy of regional ischemia for the diagnosis of remote coronary
artery stenosis were 74% (95% Cl 63-86), 80% (Cl 70-90) and 76%
(Cl 65-87), respectively. Those for infarct-related artery stenosis
were 71% (Cl 60-81), 83% (Cl 75-92) and 72% (Cl 61-82), respec-
tively. Ischemic perfusion score was higher in patients with multi-
versus single-vessel disease (1056 + 1021 versus 423 + 633, p <
0.01). Conclusion: Dobutamine thallium scintigraphy is valuable for
assessing the extent of coronary stenosis on the basis of reversible
hypoperfusion in symptomatic patients late after myocardial infarc-
tion.

Key Words: dobutamine stress test; thallium-201 SPECT; myocar-
dial infarction
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SCINTIGRAPHY FOR MYOCARDIAL INFARCTION ¢ Elhendy et al.

Exercise 201T] perfusion scintigraphy is a widely used tech-
nique for the diagnosis and functional assessment of coronary
artery disease (/-4). The presence of scintigraphic markers of
myocardial ischemia after myocardial infarction, based on
reversible hypoperfusion, is a predictor of future cardiac events
3.9.

Since exercise tolerance may be reduced in patients with left
ventricular dysfunction, dobutamine stress testing represents a
feasible and safe alternative (5—/7). However, in the presence
of severe myocardial dysfunction and severe perfusion abnor-
malities at rest, the detection of reversible perfusion defects
represents a technical challenge for thallium scintigraphic
techniques (/2,13). Conversely, a study of patients after a recent
myocardial infarction has shown that the prevalence of isch-
emia on dobutamine thallium scintigraphy is higher in peri-
infarction compared to remote regions subtended with stenotic
coronary arteries (/4). Accordingly, we attempted to assess the
value of dobutamine 2°'TI SPECT imaging for the diagnosis of
infarct-related and remote coronary artery disease in symptom-
atic patients with left ventricular dysfunction late after acute
myocardial infarction based on the presence of reversible
hypoperfusion. We also wanted to assess the extent to which the
severity of persistent perfusion abnormalities influence the
occurrence of an ischemic response in individual myocardial
regions subtended with stenotic coronary arteries.
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