Management of acute
vertebrobasilar dissection:
from radiologist point of view




Introduction

A % ICA+VA dissectidn 0.4-2.5% of all stroke, but-30%
young stroke.

A Dissection aneurysm vs. stenosis
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Endovascular Treatment of Intracranial Vertebral Artery Dissections with Stent
lacement or Stent-assisted Coiling AJNR 2006



Normal artery structure

A1)~ 14

Dissection stenosis
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Dissection aneurysm

- Intima tear A blood extravasate into media
- Hemorrhage form vasa vasorum




Prognosis

1 Stenosis, occlusion

A Hemodynamic/emboli/obliteration side brand) Stroke
B 85-90% stenosis eventually resolve, 66% occlusion recanalized.

Treatment of Acute Intracranial Vertebrobasilar Dissection with Angioplasty and
Stent Placement: Report of Two Cases AJNR 2003

1 Aneurysm, pseudoaneurysm
A SAH

B Nonrupture aneurysm, relative benign ;

B Rupture aneurysy danger (rebleed 3®0%, often in 24hr ; high
mortality (47%)




Location

, V4 (58%4, V2
B. t Intradural VA
1 thicker internal elastic lamina
1 no external elastic lamina
1 thinner adventitia
1 fewer elastic fibers in the media
** (Intradura 0 )

/ hXCuw
} Isolated VA or VA BA

Vertebral Artery Dissection: Spectrum of Imaging
Findings with Emphasis on Angiography and Correlation with Classification of segments of the VA.
inical Presentation Radiographics 2000 - V1 is proximal to entry into the transverse foramen of C6.
- V2 is within the transverse foramen from C6 to C2.
- V3 is from the transverse foramen of C2,
but before entry into thedura.
- V4 is after entry into the dura.




Anatomy
+ Angio + CT + MR

} Intima (internal elastic lamina), media (external
elastic lamina), and adventitia

.
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IVIRA 3D reformation




Angiography
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Image diagnosis

}
B SAH + crescentic high density

B infarction

B + crescentic high Sl /c intramural hematoma on T1WI & T2W
B + narrowing arterial lumen + intimal flap

B + MRA reformation

B String sigrA (smooth taper or abrupt stenosis/ occlusion)
B pearl and string sign

B Intima flap + (thrombosis)

B focal/fusiform dilation sign

} +/-aneurysm
Narrow/ wide neck, fusiform) or pseudoaneurysm




y CT:
B SAH + crescentic high density ?

y MRI:
B infarction
Bb ONBAOSYIAO GKAIK { L& KO Ay

B + narrowing arterial lumen—_, ,0

B + intimal flap

~

B + 3D MRA reformation




B String sigrA (smooth taper or abrupt stenosis or occlusion)
B pearl and string sign
B Intima flap+ (thrombosis)

} +/-aneurysm
B focal/fusiform dilation sign
"3 (Narrow/ wide neck, fusiform) or pseudoaneurysm

%
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Pearl & string sign

Rat tail sign




Pearl & string sign

T

a. b. C.

Figure 2. Aneurysmal pattern of VA dissection in a 43-year-old man with right lateral medullary syndrome (pa-
tient 3). (a, b) Anteroposterior (a) and lateral (b) right vertebral angiograms show focal aneurysmal dilatation (ar-
row) with distal stenosis (arrowhead) involving V4. (c) Axial T2-weighted MR image shows focal high signal inten-
sity in the right lateral medulla (arrow), a finding that represents infarction. The crescent of high signal intensity in
the right distal VA (arrowhead) suggests an intramural hematoma.




d. e, f.

Figure 3. Focal dissecting aneurysm involving the left VA in a 51-vear-old man with left-sided paresthesia (patient
2). (a-c) Anteroposterior (a) and lateral (b) left vertebral angiograms and coronal contrast-enhanced three-dimen-
sional MR angiogram (c) show facal aneurysmal dilatation involving left V4 (arrow) just proximal to the posterior
inferior cerebellar artery. (d, e) Axial T1-weighted (d) and T2-weighted (e) MR images show a high-signal-intensity
crescent {arrow), which represents an intramural thrombus, (f) Axial source image for contrast-enhanced three-di-
mensional MR angiography clearly shows the intimal flap {arrow) between the true and false lumina.
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Intima flap & thrombus
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Figure 9. Irregular stenosis with multiple filling defects involving the left VA in a 37-year-old man with dizziness
and ataxia (patient 17). (a) Anteroposterior left vertebral anglogram shows an irregular long segmental stenosis (ar-
rows) and multiple filling defects (arrowheads) in left V2, which represent intramural or intraluminal thrombli, The
left posterior inferior cerebellar artery was occluded on later angiograms. (b, ¢) Axial TZ2-weighted MR images (c
obtained at a higher level than b) show regions of high signal intensity, which represent multiple infarcts. The infarcts
Involve the territory of the left posterior inferior cerebellar artery and middle cerebellar peduncle, an appearance that
suggests the embolic nature of the infarction



Rat tail sign




Mimicker

1 Congenital
B Hypoplasia of VA 5
BCAONRYdza Odzt F NJ RealJ I aAl oCab5uvu

+ Aquired
B Atheromatous plaque (age, location, cal, history, image)
B! NOSNARGAa 6 X DO
B Tumor encasement
B Post radiation change

+ Physiologic
B Flow reduction
B Vasospasm (SAH or catheter induced)
B Stationary arterial wave




Management

Mild or stable symptom

Severe, warning symptom, or
fluctuation TIA, or deterioration

Dissection
stenosis

Dissection
Aneurysm

-Conservative treatment :
- Extraduralp
Anticoagulant ‘Antiplatelet

- IntraduralA Antiplatelet

- Endovascular prevention
- Stent

Non-rupture aneurysm

* Conservative treatment :
Observation?

* Endovascular prevention
- Double or more stent
- Coiltstent
- Stent

* Occlusiom Thrombolysis (if<®hr)
* Near occlusio®y, PTA + stent

* Stenosis
-S/S dissection ? Distal
emboli? Perfusion defect?

Rupture aneurysm
(Some Norrupture aneurysm)

*without branch
- Trapping
- Coiltstent or stent graft
- Double or more stent
- Stent

*With branch
- coiltstent
- Double or more stent



Evaluation

} Hunt and Hess grading systé&nfor SAH
1 NIHS@A For acute stroke

} Modified Rankin scale score (mFASgeneral
neurologic evaluation.

1 Glasgowcoma scald, Conscious level
+ Detailed neurologic examination

.



Hunt and Hess grading system

1. Asymptomatic mildheadachg slight nuchal rigidity

2. Moderate to severe headache, nuchal rigidity, no
neurologicdeficit other thancranial nervepalsy

3. Drowsiness / confusion, mild focal neurologic deficit

4. Stupoy moderateseverehemiparesis
5. Comg decerebrate posturing



http://en.wikipedia.org/wiki/Asymptomatic
http://en.wikipedia.org/wiki/Headache
http://en.wikipedia.org/wiki/Neurology
http://en.wikipedia.org/wiki/Cranial_nerve
http://en.wikipedia.org/wiki/Palsy
http://en.wikipedia.org/wiki/Stupor
http://en.wikipedia.org/wiki/Hemiparesis
http://en.wikipedia.org/wiki/Coma

Modified Rankin Scale

0 - No symptoms.

1 - No significant disability. Able to carry out all usual activities,
despite some symptoms.

2 - Slight disability. Able to look after own affairs without
assistance, but unable to carry out all previous activities.

3 - Moderate disability. Requires some help, but able to walk
unassisted (UKW p r , ADLU At )

4 - Moderately severe disability. Unable to attend to own bodily
needs without assistance, and unable to walk unassisted.

5 - Severe disability. Requires constant nursing care and attention,
bedridden, incontinent.

6 - Dead.




- Mild or stable symptom

Dissection
stenosis

Dissection
Aneurysm

-Conservative treatment :
- ExtraduralA
Anticoagulant ‘Antiplatelet

- Intradural A
Antiplatelet (/ h X & )

Nonrupture aneurysm

* Conservative treatment :
Observation?




Management
1. Conservative TX

v Strict control BP
» Close observation
1 Antiplatelet vs. Anticoagulant

BNo difference of death/stroke in 24 nenandomised study
6TCH LJiQao

1 Treatment of cervical artery dissection: a systemic review and-aredysis.
J Neurosurg Psychiatry 2008

BFavored Anticoagulation ( emboli)

1 The treatment of spontaneous carotid and vertebral artery dissections. Curr Opin Cardiol. 2000

BExtradura VA dissectioA USE anticoagulant !!!




Case 1l

1 A 57 ylo male, HTN, DM, hyperlipidemia,
rwQUi KSYALI NBarAa oKSYy o1 €
1 NIHSS:9  mRS: 4

.
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Angiography

3D surface rendering
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Mild or stable symptom | Severe, warning symptom
or fluctuation TIA, or

deterioration

Dissection * Conservative treatment : * OcclusionA Thrombolysis
stenosis - Extradurali (if<3-6hr)

Anticoagulant #Antiplatelet

- IntraduralA Antiplatelet * Near OCC|USiOIA PTA +

stent

* Endovascular prevention:
A Stent

T

* Stenosis

-S/S dissection  ? Distal
emboli? Perfusion defect?
Perforator?



2. Dissection Stenosis -
Endovascular management

1+ Acute dissection occlusion at BA/VA

BA series of patients with more marked deficits, acute
presentations, and extensive basilar thromboses had a 40%
mortality with only 30% surviving with mild deficits even
after thrombolysis

i Fibrinolysis in cerebrovascular diseases of the central nervous system. Interventional Neuroradiology:
EndovascularTherapy of the Central Nervous System 1992

BAN extreme group of 22 patients with acute presentations
who all required mechanical ventilation, either for loss of
airway control or for apneic episodes, had a uniformly poor
2dz002YST GAUOK yys Y2NIFEAG
when treated with intravenous heparin.

1 Outcome in patients with acute basilar artery occlusion requiring mechanical ventilation. Stroke
—l 996
T




Acute dissection occlusion at BA/VA

1 Unusual thrombosii consider dissectiof
aggressive treatment

1 <3~6hr thrombolytic therapy
BIAtPA max dose : 20mg ? If work
BIA urokinase max dose:100 u = intima flap !!
BIVIPA 0.9mg/kg X BW , to max dose =90mg

1+ Mechanical
BWire manipulation

BBalloon angioplasty
BStent

Treatment of Acute Intracranial Vertebrobasilar Dissection with Angioplasty and
S Stent Placement: Report of Two Cases AJNR 2003
\M
\
NN



Fic 1. 33-year-old man with traumatic vertebral arterial dissection and vertebrobasilar arterial thrombosis.

A, Right vertebral angiogram shows occlusion of the vessel 3 cm from its origin.

B, Lateral right vertebral angiogram shows a large filling defect at the basilar tip.

C, Anteroposterior right vertebral angiogram shows a patent vertebrobasilar tree with the exception of the superior cerebellar arteries.

D, Anteroposterior right vertebral angiogram shows a complex intimal flap 12 cm from the vessel origin.

E, Anteroposterior right vertebral angiogram shows the Strecker stent in place and a fully patent cervical vessel.

F, Anteroposterior right vertebral angiogram shows a fully patent vertebrobasilar arterial tree, now including the superior cerebellar
arteries.

Traumatic Vertebral Arterial Dissection and Vertebrobasilar Arterial Thrombosis Successfully
ith Endovascular Thrombolysis and Stenting AJNR 1998



Case 3
79 y/o male
trauma—>weakness

TOF MRA
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Mild or stable symptom Severe, warning symptom,
or fluctuation TIA, or

deterioration
Dissection  Non-rupture aneurysm: Rupture aneurysm
Aneurysm (Some NonAupture
aneurysm):
* Conservative treatment :
Observation? *without branch
- Trapping
* Endovascular prevention - Coiltstent or stent graft
- Double or more stent - Double or more stent
- Coiltstent - Stent
- Stent
*with branch
- coiltstent
- Double or more stent
- Stent

T




3. Dissection aneurysm -
Endovascular management

Deconstructive vs. reconstructive method

(0p))
O
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} Trappindd 2 OOt dza pa2eyfit arte€S 26F RA & a
with coll or balloon ( lesion invovlePICA, Spinal artery,
perforating artery, oBil. VA involvé

1 Stent assisted cokmbolizationA wide neck aneurysm,
pseudoaneurysry

1 Stent onhyd (1)stenosis or (2fusiformaneurysm, or
(3)aneurysm with narrowing parent artery.

} Double sten#, (telescoping stent or a stent within a stent
ross theostiumof aneurysm)




Case 4

v 44 female, HTN

1 Epidoses H/A for days, then suddently conscious
change.

» Brain CT: SAH

.
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3. Dissection aneurysm -
Endovascular management

1 Premedication use?

B Dual antiplatelet loading 3 + maintain 36moA Single (
stent) vs. 3+3 loading 4hr

B SAHA coil deploy, loading heparin
B Heparin 24hr after stenting. (1000U/hr)
B loading, heparin flush

1 Resultevaluation?

B 1) completeobliterationif the dissectinganeurysmabkacwascompletelyobliterated,

B 2) partial obliteration if the dissecting aneurysmal sac remarkably decreased in size but
remained,

B 3) stable if the dissecting aneurysmal sac showedno remarkable interval change in size

and configuration, and

ga-up of stent-only therapy for acute intracranial vertebrobasilar dissection aneurysms



\|
On-line Table g}ollow-up angiographic results according to presentation and number of stents used

Status on Last Follow-up Angiogram

Improvement {%) No improvement (%} P Value
Presentation Unruptured (n = 17) 15(88.2) 2(11.8} 284
Ruptured {n = 9} §{100) 0
No. of stents Single stent (7 = 9) 7{77.8) 2122.2) 043
Multiple stents (n = 17} 17{100) 0

Note:—improvement indicates complete or partial obliteration of dissecting aneurysm sac; no improvement, enlargement or no interval change of dissecting aneurysm sat

43 p 0 treated with stent only Stentmg for

-4.7% complication with occipital infarction dissection aneurvsm
-72.1% complete; 14% partial; 2.3% stable, (not y
immediately)

-1 rebleeding (SD)

M
On-line TMe 3: Literature on stent-only therapy for vertebrobasilar dissecting/fusiform aneurysms or intracranial pseudoaneurysms

Clinical Treatment- Follow-up

Series No. Location/Presentation Treatment Related Cx (Mo) Follow-up Results

Lylyk'™® 1 Bilateral VA/unruptured $S/DS No 3/4 Both CO

Benndorf® 1 VA/ruptured DS No 3 co

Lewy™ ] VA/ruptured SS No 3 S0 —-D

Kaku®! 1 BA/ruptured SS No BB —D

Mehta 3 VA/2Z ruptured, 1 unruptured DS No 3/14/6 All CO

Vanninen” 2 1 BA, 1 BBA/ruptured SS No 6 Both CO

Doerfler® 2 VA/ruptured DS No 6/6 Both CO

Fiorella'® 10 1 VA, 4 BA, 2 BBA, 3 postsurgical 38S/6DS/1TS 1 occipital infarct 1-18 5C0, 4 PO, 1 stable
pseudoAn/all ruptured .I: / h

Shin'! 7 1 BA, 7 VA (1 bilateral VA)/all 285/6DS No 4 G0, 1 PO, 2 enlarged, 1 SO 2001_2007 ( ), u 28| I |Ont S
unruptured A

Ansari™? 1 BA/unruptured DS No 12 co 2 p r

Lubicz"® 2 1 VA, 1 BBA/ruptured SS No 6/6 Both CO 9 O t S t e a t e

Zenteno' 10 9 VA1 BA/7 ruptured, 3 SS 1 occipital infarct 12 8 CO, 1 PO, 1 Recanal h H f I. 0
-Technique successful:100%

Wakhloo'” 2 1 VA, 1BA/1 ruptured, 1 SS No 14/NA 1C0 410/ C . . . 40(y
unruptured 1 no follow-up = pl bl ; p I

Total 43 38 VBDAs {2 bitateral VAD), 4 2 occipital infarct 31CO 0 Om ete 0 Ite ratlon 1 artla 0
BBA, 3 postsurgical pseudoAn 6 PO

-Multi stent > single stent

2 enlarged

 Recae -1 rebleeding SD

280 (1D)
1 RB (D)
1 No f/u

lihical dndrargiographic folloW-Lptof stéht-only therapy for'délite ifittacranial vertebrobasilar dissection aneurysms




Case 5

1 55 male, HTN, DM
} Acute conscious change

.



Post
contrast C

DFOV LSW

379718

Voxel size: 0,2 mm
N

WG Y15 1535 = Lisigq [20MD

-y

50mm



titan2 stent




Immediate f/u.
Pre-treatment post double stent
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Why stent effective? in tx aneurysm

Low porosity High porosity

dgure 1. Drawing illustrates asymmetric stent design, with the
ow-porosity reglon of the device placed at the neck of the aneurvsm.
‘his stent s a proposed alternative image-guided intervention to
lisrupt blood flow and induce stasis In aneurysms,
Injection volume: S cc
Ancurysm Phantom
(3 mm vessel diameter,
7 mm aneurysm dome)

[ ‘ zZ
SF Callhucr / / A

= Fluid: 40/60 Glycerin/Water

!

Figure 3. Drawing illustrates the flow loop into which aneurysm
phantoms were placed and injected with optical dye,

Figure 2. Aneurysm phantoms that were not treated (top), filled
with a threadiike suture material that simulated coils (middle), and
treated with a low-porosity mesh held in place by a commercially
availabie stent {bottom)

Measurement of Flow Modiycat.i
Model:Comparison of Coils and a Longitudinally and Axially
Asymmetric Stentd Initial Findings radiology 2004




Values Calculated from Time-Density Curves

Relative Peak Time to Peak Relative
Treatment Density Density (sec) Washout
None 1.0 = 0,07 1.25 = 0.05 1.0 £ 010
Coil 041 = 0.08 0.82 + 0.07 0.32 © 0.03
Mesh stent 0.56 = 0.04 11.8 226 0.27 + 0.03

Note.—Data are mean values = SDs

Stent Tx aneurysm hypothesis:

1 A stent decreases inflow complexity,
inflow momentum and velocity, vorticity,
wall shear stress, and wall shear stress
rate, and increases intraneurysmal
blood turnover time by diverting blood
flow from the aneurysm and by
dispersing the inflow into the aneurysm
sac.

neuroform 8%, stent 30%
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Figure 4.

Time-density curves normalized to Inflow for the three

types of aneurvsm treatment (ie, nontreatment, coil placement, and
low-porosity mesh stent placement) and derived from runs in which
preinjection densities were subtracted from subsequent images, with
the sample nonsubtracted images acquired with each sequence placed
around each curve and cross-referenced (by letters a-/i) to the location
on each curve, The injection and flow of dye are illustrated from left
to right, with the duration of the dye flow, beginning from the
instance of injection, for ¢ach trame indicated, The arrows indicate

how the Imaging sequence progresses frame by frame.



How about perforator?

Stentmachanism
The regional effect on the arterial wall with stent placement leads to

neointimalformation through transient and regional proliferation and migration of
smooth muscle cells mixed

with various degrees of connective tissue matrix. In experimental studies, this
fibrocellularneointima

formation generally occurs after 2 weeks.

Stent-within-a-Stent Technique for the Treatment of Dissecting
Vertebral Artery Aneurysms AJNR 2003




Fic 1. Representative case (case 4)
A, Diameter of abdominal aorta is measured by using a measure wire.
B, Angiography is performed before stenting.
C, Just after stenting, angiography is performed to evaluate the patency of the lumbar artery (amrow).
D, Follow-up angiogram, obtained 3 months after stenting, confirms that the lumbar artery remains patent (arow).

Fic 2, Case 5. Scanning electron micro-
scopic findings obtained 1 week after
stenting for the rabbit that became para-
paretic after stenting reveal that the lum-
bar artery (asterisk) in the stent is patent
without thrombus. The diameter of the lum-
bar anery is 729 um. Endothelial integrity is
injured along the struts by stent expansion
(arrows), and underlying smooth muscle fi-
ber is exposed in part of the luminal sur-
face because of post-processing (original
magnification =< 100).

<50% cover A patency of perforating artery

Study of the Patency of Small Arterial Branches after Stent Placement with an
Experimental in Vivo Model AJNR 2002
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Fic 3. Representative case (case 4).
Scanning electron microscopic findings
obtained 3 months after stent placement
reveal an open ostium of the lumbar artery
(asterisk) and also show that regenerated
endothelial-like cells are covered with
stent strut in contact with the aorta and
extend to the struts crossing the ostium of
the lumbar artery (arrows). In this case, the
extension of the regenerated endothelial
cells into the ostia of lumbar arteries was
observed (arrow), although the degree of
narrowing due to this extension was not
significant.

A, Original magnification x80.

B, Original magnification x150.

Fic 4. Microscopic findings stained with
hematoxylin and eosin reveal that the lu-
minal surface of the struts (S) across the
ostium of the lumbar artery (asterisk) is
lined with a monolayer of cells resembling
regenerative endothelial cells.

A, Original magnification x200.

B, Original magnification x400.



(B), immediately after stent
wefore stent placement.
A

Fia 2. Angiographic change and SEM findings in a representative case (case 2). Patency of Perforating Arteries after Stent Placement? A Study
A, Prestenting angiogram shows stenotic change at the level of the lumbar artery orifice (arropjc; ; ; ia_
8, Angiogram obtained after stent placement shows that the stenotic lesion is improved and mesm&a@(.‘n i\!lé/aQerllf'.Xpenmental Atherosclerosis-Induced Mode
C. SEM image (original magnification, X40) shows that the stent struts crossing the orifice of thAJINIR 200 5re coverad with thick

neointima, and the lumbar artery orifice becomes narrow.




Atherosclerosis plgaue or
delay neointima hyperplasa
(2wks T 6mons)

Fia 3. Representative SEM findings (case 3). SEM image (orig-
inal magnification, X40) shows that 1
artery has luminal narrowing due to a

A

Fiz 4. Case of intraluminal thrombus (case 6).

A, Foliow-up angiogram demonstrates intraluminal thrombus at the L4 |level and occlusion of the L4 lumbar artery. Arrow indicates
intraluminal thrombus.

B and C, Microscopic analysis shows intraluminal thrombus surrounding the stent struts that cross the ostium. (B, hematoxylin-eosin
staining, original magnification, X12.5. C, hematoxylin-eosin staining, orniginal magnification, X40.)
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} stent perforating artery

} atherosclerosis . Intima
plagque orifice.

1 Stent aneurysm, even stent

} dissecting aneurysm , iIntima flap



Take home message

} Young patient+ history CVA or SAH

dissection!
} atherosclerosis ,
A D/D: atherosclerosis!!
} evaluate crossection image + reformate 3D
MRA/CTA.

1+ Arrange angiography for confirmation, & severity and
morphology evaluation.

1 Discussion with clinician and patiefyt treatment

'''''''



Treatment plan

1 SIS stabléy Conservative (890%)

1 S/S unstable ( progression image
BStenosis:

{ Occlusiom™ thrombolysis
1 StenosishA PTA+ stent

BAneurysm:

1 Nonrupture A Double stent
1 RuptureA

1 Caoailing

1 Trapping



Thank you for your listening

.



