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Background and Purpose The outcomes of acute internal carotid artery (ICA) terminus occlusions
are poor. We classified ICA terminus occlusions into 2 groups according to the occlusion pattern of
the circle of Willis and hypothesized that clinical outcomes would significantly differ between them.
Methods Consecutive patients with acute ICA terminus occlusions evaluated by baseline computed
tomographic angiography were enrolled. We investigated the occlusion patterns in the circle of Wil-
lis, retrospectively classified patients into simple ICA terminus occlusion (STO; with good Willisian
collaterals from neighboring cerebral circulation) and complex ICA terminus occlusion (CTO; with one
or more of A2 anterior cerebral artery, fetal posterior cerebral artery occlusion, or hypoplastic/absent
contralateral A1; or with poor collaterals from anterior communicating artery) groups, and compared
their baseline characteristics and outcomes.

Results The STO group (n=58) showed smaller infarct volumes at 72 hours than the CTO group
(n=34) (median, 81 mL [interquartile range, 38-192] vs. 414 mL [193-540], P<0.001) and more favor-
able outcomes (3-month modified Rankin Scale 0-3, 44.8% vs. 8.8%, P<0.001; 3-month mortality,
24.1% vs. 67.6%, P<0.001). In multivariable analyses, STO remained an independent predictor for
favorable outcomes (odds ratio 6.1, P=0.010).

Conclusions Favorable outcomes in STO group suggested that the outcomes of acute ICA terminus
occlusions depend on Willisian collateral status. Documenting the subtypes on computed tomo-
graphic angiography would help predict patient outcome.

Keywords Cerebral infarction; Carotid artery thrombosis; Endovascular procedures; Circle of Willis;
Collateral circulation
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Introduction

Acute internal carotid artery (ICA) terminus occlusions fre-
quently lead to adverse neurological outcomes and are associat-
ed with high mortality." The poor prognosis of ICA terminus oc-
clusions may be partly due to the large thrombus burden pre-
cluding sufficient recanalization. ICA terminus occlusions are
rarely recanalized with intravenous (IV) thrombolytic therapy

alone, and adjunctive endovascular treatment has been proposed
as more appropriate to achieve improved recanalization."* Prior
studies on intra-arterial (IA) thrombolytics found that while they
resulted in a substantial recanalization rate, they were associat-
ed with a high rate of hemorrhagic transformation and low rates
of good clinical outcomes, similar to IV treatment alone.*® One
study found that mechanical thrombectomy devices were more
effective than |A urokinase infusion for recanalization, but they
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still led to a high rate of poor outcomes.?

In general, patients with abundant leptomeningeal collaterals
show better clinical outcomes and lower risk of hemorrhagic
transformation, and abundant collaterals have been shown to
limit the initial infarct core size and subsequent infarct growth.%’
The role of collaterals may be unique in ICA terminus occlusions
due to the importance of Willisian collateral status. To date, there
have been few reports of systematic approaches to evaluate Wil-
lisian collateral status for clinicians faced with ICA terminus oc-
clusions considering revascularization treatment.®

In the present study, we hypothesized that the presence or ab-
sence of Willisian collaterals in patients with acute ICA terminus
occlusion would significantly influence clinical outcomes. We an-
alyzed the occlusion patterns and anatomical variations within
the circle of Willis by baseline computed tomographic angiogra-
phy (CTA) and propose an imaging classification that could serve
as a predictive marker for acute ICA terminus occlusion patients.

Methods

Patient enroliment

We enrolled patients with acute ischemic stroke and ICA occlu-
sions from a consecutively registered database from March 2006
to August 2013 at a university hospital. The diagnosis of acute
ICA occlusions was based on CTA including intracranial and ex-
tracranial arteries. Patients with acute symptomatic ICA terminus
occlusion, which was presented with T-type or L-type occlusions,
were included. A T-type ICA occlusion was defined when (1) the
terminal segment (C7) of the ICA was not visible, and there was
occlusion of (2) the M1 segment in the middle cerebral artery and
(3) the ipsilateral A1 segment in the anterior cerebral artery.*'
Sparing of the ipsilateral A1 segment due to agenesis represented
an L-type ICA occlusion. Patients with isolated proximal ICA oc-
clusions, those with isolated ICA terminal occlusions with patent
ipsilateral A1 and M1 segments and those with concomitant dis-
tant tandem occlusions such as distal M1, M2, or A2 segments
were excluded. Patients whose onset-to-CTA time was > 6 hours
and whose CTA was not available were also excluded.

Protocols

We followed a standard treatment algorithm for acute intra-
cranial large artery occlusion management, which included
bridging endovascular treatment with IV recombinant tissue
plasminogen activator (rtPA) when patients were eligible for
thrombolysis. Patients who met the criteria for IV rtPA within
3-4.5 hours were treated with 0.9 mg/kg IV rtPA. If a major cere-
bral artery corresponding to stroke signs was occluded on CTA,
the patients were brought to the angiography suite. Patients
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were considered candidates for endovascular treatment if the
onset-to-puncture time was expected to be <6 hours. The
methods of endovascular treatment were at the treating physi-
cians' discretion. |A fibrinolysis was mainly performed prior to
2010, and mechanical thrombectomy, such as clot aspiration
with the Penumbra system (Penumbra, Alameda, CA) and em-
bolus retrieval with the Solitaire stent system (Covidien, Irvine,
CA), was mainly used after 2011. The procedure time was defined
as the time between the first working projection image and final
angiography following treatment of the target occluded artery.
Informed consent for undertaking IV rtPA or IA revascularization
treatment was obtained from all patients or their relatives, and
the study was approved by the local institutional review board.

Classification of ICA terminus occlusion

We investigated the involvement of each major cerebral artery
and divided the patients into simple ICA terminus occlusion
(STO) and complex ICA terminus occlusion (CTO) groups based
on the occlusion pattern obtained from CTA (Figure 1).

The STO group was classified by acute ICA terminus occlusion
and patency of not only the ipsilateral A2 segment via the ante-
rior communicating artery but also the ipsilateral posterior cere-
bral artery via the posterior communicating artery or the P1 seg-
ment.

The CTO group was classified by acute ICA terminus occlusion
and had one or more of the following:

1) occlusion of the ipsilateral A2 or more distal segment

2) occlusion of the fetal-type ipsilateral posterior cerebral ar-
tery (C6 segment of ICA)

3) insufficient contralateral Willisian collateral blood supply
via the anterior communicating artery due to contralateral
agenesis of A1 (absent or severely hypoplastic)

4) contralateral ICA occlusion

Clinical and imaging parameters

The neurological status of each patient was evaluated using
the National Institute of Health Stroke Scale (NIHSS) score at
admission and discharge." Patients who died were assigned an
NIHSS score of 42.* Stroke etiology was determined according
to the Trial of Org 10172 in Acute Stroke Treatment classifica-
tion."” Prognosis was defined as favorable when a patient had a
modified Rankin Scale score of 0-3 at 3 months. The 3-month
mortality rate was also examined.

Computed tomography (CT) scans (including non-contrast CT
[NCCT], CTA, and phase-contrast CT [PCCT]; SOMATOM Sensa-
tion 16, Siemens, Erlangen, Germany) were initially obtained for
each patient upon admission to the emergency department.
NCCT and PCCT were performed using the axial technique with
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Simple and complex internal carotid artery (ICA) terminus occlusions. (A) Simple ICA terminus occlusion: the thrombus is confined to the
bifurcation of the ICA, ipsilateral M1+ A1. The ipsilateral A2 is irrigated by the collateral flow via the anterior communicating artery (A-com). (B)
Complex ICA terminus occlusions. Type 1: the thrombus extends beyond the ipsilateral A1 to involve the A2, or agenesis of the anterior communicat-
ing artery halts the anterior cerebral artery leptomeningeal collaterals. Type 2: the ipsilateral posterior cerebral artery is also occluded by the distal
ICA occlusion. Type 3: combination of types 1 and 2. Type 4: absence of the contralateral A1. Type 5: occlusion of the contralateral ICA. P-com, pos-

terior communicating artery.

120 kVp, 270 mA, and 5-mm section thickness reconstructions.
CTA was performed by scanning from the vertex to the aortic
arch with the following parameters: 0.5 sfrotation; pitch, 1.3;
collimation, 0.75 mm; maximal mA, 170; kVp, 100; and field of
view, 220 mm. Nonionic contrast material (80-100 mL) was ad-
ministered by a power injector at 4-5 ml/s into an antecubital
vein with a semi-automatic contrast bolus triggering technique.
The CTA source images were post-processed to create coronal,
sagittal, and axial multiplanar reformats in maximum intensity
projection images and volume-rendered 3D images. PCCT was
initiated after a 13-second delay from the end of CTA.

Imaging parameters were retrospectively evaluated as follows.
Low attenuated tissue regions were evaluated by the NCCT Alber-
ta Stroke Program Early CT Score (ASPECTS)™ and PCCT-ASPECTS.
The degree of arterial and arteriolar circulation was scored on
each ASPECTS-corresponding area on maximum intensity projec-
tion axial images of the CTA (CTA-col-ASPECTS) and PCCT (PCCT-
col-ASPECTS) to evaluate the degree of collaterals, the scale of
which was modified from a previous study." Hemorrhagic trans-
formation was determined according to the European Coopera-
tive Acute Stroke Study,'® with NCCT performed immediately after
endovascular treatment and up to 48-72 hours after stroke onset
if clinical deterioration was noted. Infarct volume was measured

http://dx.doi.org/10.5853/j0s.2015.01529

at 2-3 days post-admission by standard follow-up imaging and
determined using the total volume of diffusion restriction lesions
observed on magnetic resonance imaging or, when unavailable,
from the total hypodensity observed on CT performed during the
same period. The infarct volume was calculated using a previously
described semi-quantitative method."” The degree of reperfusion
was quantified according to the modified Thrombolysis in Cere-
bral Infarction classification,'' and successful reperfusion was
defined as 2b-3. Two experienced neurologists (SUL, JSL) blinded

to patients' clinical information, reviewed the imaging data.

Statistical analysis

Statistical analyses were performed using SPSS (version 22.0;
IBM SPSS, Chicago, IL). Parameters were compared with the x?
and Mann-Whitney U tests for non-parametric variables, and t
test for continuous variables. Multivariable logistic regression
analyses were performed to identify STO as an independent fac-
tor for favorable outcomes after adjusting for age, sex, NIHSS
score, and diabetes mellitus in model 1. Model 2 was analyzed in
patients who had endovascular treatment and successful reper-
fusion (Thrombolysis In Cerebral Infarction grade 2b and 3) was
also adjusted.
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Results

General demographics

Ninety-two patients were included in the study after exclud-
ing patients with proximal carotid occlusion with patent termi-
nal segment (n=42); isolated ICA terminal segment occlusion
with patent ipsilateral A1 and M1 segments (n=239); tandem
occlusion in distal M1, M2, or A2 (n=24); CTA performed after 6
hours (n=17); or incomplete CTA evaluation (n= 6) (Figure 2). The
demographic and baseline characteristics of the patients are list-
ed in Table 1. Among the included patients, 34 (37%) were classi-

‘ Acute ischemic stroke and ICA occlusions (N=220) ‘

———————————— > ‘ Proximal ICA occlusions (n=42) ‘

777777777777 > ‘ Isolated terminal ICA occlusions (n=239) ‘

777777777777 > ‘ Additional distant occlusions (n=24) ‘

777777777777 > ‘ CTA taken after 6 hours after onset (n=17) ‘

ffffffffffff > ‘ CTA not available (n=6) ‘

\/
Finally included patients (n=92)

Flow diagram of the current study.
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fied as having CTO. In the CTO group, 9 patients were type 1; 10
patients, type 2; 3 patients, type 3; 9 patients, type 4; and 3 pa-
tients, type 5. Patients in the STO occlusion group were younger
(67.7+13.6 vs. 73.3+ 10.9 years, P=0.044), whereas sex distribu-
tion, vascular risk factors, and stroke etiology did not differ be-
tween the groups. However, NIHSS score on admission was sig-
nificantly higher in the CTO group (median, 16 vs. 19, P=0.001).

Initial ASPECTS and collateral assessment on CT
modalities

The ASPECTS values on NCCT and PCCT were significantly
lower in the CTO group (median, 5 vs. 3.5, P=0.005 and 6 vs. 3,
P<0.001, respectively), as were the CTA-col-ASPECTS and PCCT-
col-ASPECTS values (median, 4 vs. 1 and 8 vs. 3, respectively;
both P<0.001).

Revascularization treatments and outcomes

The frequencies of IV rtPA infusion (58.6% vs. 52.9%, P=0.596)
and endovascular treatment (67.2% vs. 79.4%, P=0.211) did not
differ between the STO and CTO groups, nor did the frequency of
patients in whom revascularization treatment was not attempted
(29.3% vs. 20.6%, P=0.463) and the onset-to-final angiography
time (344 minutes vs. 325 minutes, P=0.447) (Table 1).

Despite the similar treatment patterns, imaging and clinical
outcomes differed between the groups (Table 2). The frequency of
successful reperfusion was higher in the STO group (46.5% vs.
25.9%, P=0.085), whereas the occurrence of parenchymal he-

Baseline characteristics and treatment modalities of the study patients

STO CTO P

Number 58 34

Mean age (year) 67.7+13.6 73.3+109 0.044
Sex, male (%) 35(60.3) 16 (47.1) 0.216
Diabetes mellitus (0o) 11 (19.0) 4(11.8) 0.560
Hypertension (%) 37 (63.8) 25(73.5) 0.336
Hyperlipidemia (%) 37(63.8) 18 (52.9) 0.306
Atrial fibrillation (%) 38 (65.5) 27 (79.4) 0.158
Previous stroke (%) 13 (22.4) 7 (20.6) 0.838
Current smoker (%) 11/57 (19.3) 3/32(9.4) 0.363
Antiplatelet therapy at stroke onset (%) 9 (15.5) 6(17.6) 0.790
Anticoagulant therapy at stroke onset (%) 4(6.9) 8(23.5) 0.029
Median NIHSS on admission (IQR) 16 (14-19) 19 (17-22) 0.001
Median ASPECTS (IQR) 5(3-8) 3.5(2-7) 0.005
Median PCCT ASPECTS (IQR) 6 (3-8) 3(1-5) <0.001
Median CTA-col-ASPECTS (IQR) 4 (3-6) 1(0-3) <0.001
Median PCCT-col-ASPECTS (IQR) 8 (6-9) 3 (2-5) <0.001
Intravenous rtPA, n (%) 34 (58.6) 18 (52.9) 0.596
Endovascular treatment, n (%) 39(67.2) 27 (79.4) 0.21
No revascularization treatment, n (%) 17 (29.3) 7 (20.6) 0.463

STO, simple internal carotid artery terminus occlusion; CTO, complex internal carotid artery terminus occlusion; NIHSS, National Institute of Health Stroke Scale;
IQR, interquartile range; ASPECTS, Alberta Stroke Program Early CT Score; PCCT, post-contrast axial parenchymal images; CTA, computed tomographic angiography;
CTA/PCCT-col-ASPECTS, ASPECTS corresponding area on maximum intensity projection axial images of CTA/PCCT; rtPA, recombinant tissue plasminogen activator.
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STO CTO P
Mean onset-to-CT time (minute) 121.9+95.6 112.6+71.1 0.702
Mean procedure time (minute) 96.8+54.5 97.4+51.9 0.966
Mean onset-to-final angiography time (minute) 344.1+100.7 32531879 0.447
Successful reperfusion (%) 20/43 (46.5) 7/27 (25.9) 0.085
Hemorrhagic transformation, n (%) 0.006

None 39/58 (67.2) 16/34 (47.1)

HI-1 6/58 (10.3) 0/34 (0)

HI-2 2/58 (3.4) 4/34 (11.8)

PH-1 6/58 (10.3) 3/34 (8.8)

PH-2 5/58 (8.6) 11/34 (32.4)
Subarachnoid hemorrhage 3/41 (6.8) 3/27 (11.1) 0.667
Median infarct volumeag-72n, mL (IQR) 81 (38-192) 414 (193-540) <0.001
Median NIHSS at 1 day (IQR) 15.5 (12-21) 22.5(19-33) <0.001
Median NIHSS at discharge (IQR) 11 (7-20) 42 (20-42) <0.001
Favorable outcome at 3 months 26/58 (44.8) 3/34(8.8) <0.001
Mortality at 3 months 14/58 (24.1) 23/34 (67.6) <0.001

STO, simple internal carotid artery terminus occlusion; CTO, complex internal carotid artery terminus occlusion; CT, computed tomography; HI, hemorrhagic in-

farction; PH, parenchymal hematoma; IQR, interquartile range; NIHSS, National Institute of Health Stroke Scale.

Factors associated with a favorable outcome in patients with acute internal carotid artery terminus occlusion

Model 1 Model 2
Variables
OR (95% Cl) P OR (95% CI) P

Age <80 years 2.52 (0.55-11.61) 0.235 2.89 (0.18-46.61) 0.455
Male sex 3.01(0.95-9.54) 0.062 3.99 (0.78-20.48) 0.097
NIHSS score < 15 on admission 450 (1.28-15.80) 0.019 2.64 (0.45-15.56) 0.285
Diabetes mellitus 0.26 (0.05-1.28) 0.098 0.20 (0.02-2.05) 0.177
STO 6.11 (1.55-24.04) 0.010 11.16 (1.09-114.41) 0.042
Successful reperfusion - - 1.35 (0.28-6.56) 0.713

OR, odds ratio; Cl, confidence interval; NIHSS, National Institute of Health Stroke Scale; STO, simple internal carotid artery terminus occlusion.

W0 W1 m2 m3 4 W5 H6

STO

CTO

0% 20% 40% 60% 80% 100%

The modified Rankin Scale score at 3 months according to
the occlusion pattern. More patients experiencing good outcomes and
fewer patients experiencing poor outcomes were observed in the sim-
ple internal carotid artery (ICA) terminus occlusion (STO) group. Con-
versely, most patients in the complex ICA terminus occlusion (CTO)
group were severely disabled or dead after 3 months.

matoma type 2 was lower (8.6% vs. 32.4%, P=0.006). The medi-
an infarct volume at approximately 3 days was significantly high-
er in the CTO group (median, 81 vs. 414 mL, P<0.001). The medi-
an NIHSS scores at discharge were 11 and 42 in the STO and CTO

http://dx.doi.org/10.5853/j0s.2015.01529

groups, respectively (P<0.001). Favorable outcomes at 3 months
were more frequently reported (44.8% vs. 8.8%, P<0.001) and
the 3-month mortality rate was significantly lower in the STO
group (24.1% vs. 67.6%, P<0.001) (Figure 3). Multivariable anal-
ysis demonstrated that the STO pattern was an independent pre-
dictor of favorable outcome at 3 months (Table 3).

Discussion

The principal finding of our study is that major differences in
clinical outcome are apparent when ICA terminus occlusions are
classified by circle of Willis involvement. CTO with compromised
Willisian collateral flow had a very poor prognosis, whereas STO
that spared the Willisian collateral flow had a significantly great-
er proportion of favorable outcomes with reperfusion treatments.
We propose that ICA terminus occlusions should be divided into
CTO and STO based on the degree of Willisian collateral circula-
tion supplying the affected middle cerebral artery territory.

Our pragmatic treatment strategy resulted in favorable out-
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comes in STO, suggesting that this group is ideal for endovascu-
lar treatment. Conversely, the current study also highlights the
detrimental effects of multiple occlusions or poor Willisian col-
laterals in some ICA occlusions. The baseline extent of early isch-
emic changes with NCCT ASPECTS and hypocontrast with PCCT
ASPECTS was significantly greater in patients with CTO, and the
final infarct volume almost 5 times larger than in STO patients.
Most authors suggest that aggressive revascularization treat-
ment should not be performed if the initial core volume is too
large;"* hence, patients with CTO beyond a very early time win-
dow for reperfusion may represent poor candidates for such
therapies in clinical trials and routine practice.

The importance of Willisian collaterals on tissue fate in the
setting of terminal ICA occlusion has been studied relatively little
compared to the leptomeningeal collaterals. The degree of lepto-
meningeal collaterals based on conventional angiography is
known to predict outcome with reperfusion treatment.”' Regard-
ing Willisian collaterals, conventional angiography requires can-
nulation of the contralateral carotid and posterior circulation.
This is impractical during endovascular treatment as it would
add unnecessary time delays to reperfusion. Similarly, Willisian
collaterals have not been studied extensively with CTA in the
past.”” Several CTA studies have examined the relationship be-
tween leptomeningeal collateral flow and outcome with reper-
fusion treatment."** In the current study, CTA- and PCCT-col-
ASPECTS grading indicated significantly poorer leptomeningeal
collaterals in the CTO group. Combining CTA circle of Willis eval-
uation to classify ICA terminus occlusion and CTA-based lepto-
meningeal collateral grading may be the most comprehensive
approach to fully evaluate collateral flow to the ischemic hemi-
sphere, especially in the setting of ICA occlusion.

Recent clinical trials have shown that the outcomes of ICA
terminus occlusions might be improved by endovascular treat-
ment. The Interventional Management of Stroke Il trial exam-
ined an ICA+M1 occlusion subgroup identified by CTA prior to
randomization and showed a higher rate of recanalization at 24
hours and trend toward better outcomes with combined
endovascular+IV rtPA treatment vs. IV rtPA treatment alone.* In
a phase 3 randomized controlled trial, ESCAPE, the clinical out-
comes for ICA occlusions were much better in patients treated
by endovascular treatment up to 12 hours from symptom on-
set.” This study used an ASPECTS score cutoff below 6 or no/
poor collaterals by multiphase CTA, which likely excluded many
CTO patients.”® Patient selection can also be determined by CT or
magnetic resonance perfusion, which was the case in both the
EXTEND-IA and SWIFT PRIME trials.?’? Both trials excluded large
cores defined by long Tmax delays, also likely to exclude many
CTO patients.”® Nevertheless, evaluation of circle of Willis flow
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may still have a role to distinguish carotid terminus occlusion
types for prognosis and endovascular decision-making since sin-
gle-phase CTA remains the most commonly used modality
among most endovascular hospitals.

The present study has some limitations. It was a retrospective
single-center study, and ICA terminus occlusions constitute only
a small portion of all cerebral arterial occlusions causing acute
ischemic stroke. The treatment strategy was heterogeneous, in-
cluding both the previous and currently preferred endovascular
treatment methods. Recent new-generation mechanical throm-
bectomy devices are more effective for recanalization and may
produce better clinical outcomes.”*"* Nevertheless, there were
no strict imaging criteria for patient selection in the earlier peri-
od of endovascular treatment; therefore, many CTO cases who
undertook endovascular treatment were included in our study
population. Currently, imaging criteria using multiphase CTA or
multimodal magnetic resonance imaging are applied to differen-
tiate patients with poor prognosis and thus, some CTO patients
can be excluded using these protocols.®' In this situation, poten-
tial selection bias exists while analyzing clinical outcomes of CTO
patients. Again, our method to differentiate CTO patients by CTA
is simpler than multiphase or multimodal imaging protocols.
However, further study should be performed to determine how
CTO pattern influences collateral grading using multiphase CTA
or ischemic core and penumbra mismatch using multimodal
magnetic resonance imaging.

In conclusion, assessment of the configuration and patency of
the circle of Willis with CTA may represent a non-invasive, practi-
cal, and time-saving method to estimate Willisian collateral sta-
tus in ICA terminus occlusions and may hence be used to guide
acute therapeutic intervention. Sub-classification of ICA terminus
occlusions into STO and CTO can be utilized as a valuable early
indicator of their prognosis. Among patients with acute ICA ter-
minus occlusions, those with STO seem to be more amenable to
active revascularization treatment. For a comparison with con-
temporary patient selection methods and treatment outcomes,
recently-completed endovascular clinical trials should evaluate
circle of Willis anatomy by CTA in case there are subgroups such
as CTO patients that are very unlikely to benefit from endovascu-
lar treatment.
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