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Overview of

Cerebral Cavernous Malformation (CCM)
cavernous angioma, cavernoma, cavernous hemangioma

Je Young Yeon

Department of Neurosurgery
Samsung Medical Center
Sungkyunkwan University School of Medicine

* Enlarged, blood-filled endothelial compartments (‘caverns’)
within the venous-capillary vascular bed (low flow)

* Multilobulated, often calcified vascular balls are characterized
by a dysfunctional blood-brain barrier and leakiness

* Lined by endothelium with defective intercellular junctions

* Lack of pericytes and vascular smooth muscle cells

* Prevalence
— Retrospective analysis of 24,535 autopsies : 0.53%
Otten et al. Neurachirurgie, 1989

— Prospective 3T MR imaging of 2,715 participants : 0.44%
Fiemming et al. JAMA Neurol, 2017

* Symptomatic lesions
— Seizures (50%)
— Intracranial hemorrhage (25%)

— Focal neurological deficits without radiographic evidence of
recent hemorrhage (25%)

Al-Shahi et al., Lancet Neurol, 2012

Pathophysiology Pathophysiology

*  Multiple familial form

— autosomal dominant germline mutations in CCM1 (KRIT1),
CCM2, or CCM3 (PDCD10) genes

— numerous signaling pathways (including Rho, SMAD and Wnt/B-
catenin) and processes such as endothelial-mesenchymal
transition (EndMT)

— MEKK3 signaling and KLF2/4 function
— Endothelial Toll-like receptor 4 (TLR4) and the gut microbiome

* Single sporadic form

— somatic mutations within the three CCM genes

— share common pathogenesis

McDonald al., Hum Mol genet 23(16):4357-70, 2014
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Pathophysiology Natural history

* A meta-analysis of individual patient data (n=1620) from six studies

» Hyperpermeability associated with RhoA kinase activation

— Potential therapy : RhoA kinase inhibition (Fasudil, Statins)

— dynamic contrast-enhanced quantitative perfusion MRI

— Permeability in white matter far (WMF) from lesions was
significantly greater in familial than in sporadic cases, but was
similar in CCM lesions.

WMF Permeability (Ki)
(mLi100g/min)

Control

Sporadic Familial

Mitaki et al., JCBFM 35(10):1632-9, 2015

* to estimate the 5-year risk of symptomatic hemorrhage

* independently associated with clinical presentation and location

Numberof Number of Hazard ratio Estimated 5-year
people (%) outcome (95% C1)* risk (95% C1)
events during
S-year
follow-up
Primary outcome: ICH (n=1620)
ICH or FND presentation, brainstem 495 (31%) 135 10-2 (50-23.9)  30-8%(26-3-352)
CCM location
ICH or FND presentation, other CCM 327 (20%) 45 56(37-94) 184%(133-235)
location
Other pr ™ 80 (5%) 4 1-8(13-2-6) 8.0% (0-1-15-9)
location
Other presentation, other CCM 718 (44%) 20 Reference 3-8% (2:1-55)
location

Horne et al., Lancet Neurol 15:166-73, 2016

Natural history Natural history

= A meta-analysis of 25 studies

* to estimate the incidence rate of rehemorrhage

No. of studies i Value for Overall pooled
Incidence rate (no. of subjects) Bloeding  Model used heterogeneity (4  estimate (95% CI)
Madian time of 12(-) 385 Weighted mean® — 105 mo
rehemorrhage
Brainstem 12(875) 351 Meta-regression 0.9 10%) 28(25-33)
hemorrhage
(persor-years)
Norbrainstem 12(875) 351 Meta-regression 0.9 [0%) 03 (01-05)
hemorrhage
(persor-years)
Overall brainstem 17 (1295) 871 Meta-regression  <0.001 (92% 323 (108-527)
rehemorrhage rate®
Overall 17 (1295 971 Meta-regression <0.001 (92%) 6.3(30-132)

nonbrainstem

rehemaorrhage rate®

» Rehemorrhage within 2 years vs thereafter (ratio 1.8, p=0.042)

Taslimi et al., Neurology 86:1984-91, 2016

* Symptomatic CCM

— The incidence of symptomatic hemorrhage or rehemorrhage is
higher in brainstem lesions because little hemorrhage is more
likely to cause symptoms in the brainstem.

— Symptomatic hemorrhage and rehemaorrhage rate in highly
eloquent cortical locations : unknown

* Incidental CCM
— 107 patients with a mean f/u period of 12 years

— Definite hemorrhage related to CCM in only one patient

— Annual bleeding rate 0.1% per patient

— No new seizures in any of the patients

Moore et al., J Neurosurg 120:1188-92, 2014

Variable definitions of CCM hemorrhage Risk factors

Table 1. Definitions of M Hemorrhage in Studies of the Untreated Clinical Courso of 220 Participants (Organized Chronslogically)
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= Retrospective analysis of 154 patients

* General predictor of hemorrhage

— young age (<45 years, OR 2.2), infratentorial location (OR 2.9),
and existence of a DVA (OR 4.7)

« Stratified by location — supratentorial (98 patients)

A Results of risk factors for hemorrhage in patients with CM

Patient characteristics

Ruptured (n =51)

Unruptured (n = 47)

pValue®

Female

3161

27157

Age <asy

367

2214

Positive family history

264

12

Hypertension

5010)

8017

Antiplatelet therapy

Multiple Qs

om)

602

12

708

CMsize 21 cm?®

29.(96)

2439

ova®

2763)

10021

<001 OR4.16(95% O 1.7-10.13)

Kashefiolasl et al., Neurology 90:e856-63, 2018
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Risk factors

* Retrospective analysis of 154 patients » Type | (acute or subacute)

« General predictor of hemorrhage — T1high /T2 high or low

— young age (<45 years, OR 2.2), infratentorial location (OR 2.9),
and existence of a DVA (OR 4.7) - Type Il (minor repetitive)

* Stratified by location — infratentorial (47 patients) — T1 mixed / T2 mixed

A Results of risk factors for hemorrhage in patients with CM

Patient characterstics Ruptured (n = 33) Unruptured (n = 14) P Value®

p—n T D * Type lll (chronic inactive)

age sy ) N

e S o — Tihypo /T2 hypo

Hypertension ) NS

Antiplatelet therapy m NS .

o o = * Type IV (suspicious)
[cwsizent cmm 000 ] — Microbleed visible on T2*

o e o " — Familial or cavernomatosis R A

Kashefiolas! et al., Neurology 90:e856-63, 2018 Zabramski et al., J Neurosurg 80:422-32, 1994 Nikoubashman et al., AUNR 36:2177-83, 2015

MRI classification Medical treatment (B-blocker, Propranolol)

* Retrospective review of 326 patients with 410 cavernomas * Propranolol treatment for a giant infantile brain cavernoma. J
« Zabramski’s classification Child Neurol 25:653-655, 2010 (1 case)
— Type | (27%) / Type 11 (35%) / Type 11l (38%) * Propranolol for cerebral cavernous angiomatosis: a magic
+ During a follow-up of 34.7 months, 53 lesions (13%) bled bullet. Clin Pediatr (Phila) 53:185-190, 2014 (1 case)
« Prior hemorrhage (adjusted HR, 7.13) / MR appearance * Successful treatment of multifocal intracerebral and spinal

hemangiomas with propranolol. ] Am Acad Dermatol 70:e83-

* Annual bleeding risk : type | > type Il >>> Type Il
g s ¥P R e84, 2014 (1 case)

Table 3 Prospective haemorrhage rate according to MR appearance in adult patients with cavemous malformations . proprano|0| stops progressive multiple cerebral cavernoma in
{nterval Type! Trpell Type 11 an adult patient. J Neurol Sci 367:15-17, 2016 (1 case)

[o-51 year 1035 (5.73 10 18.69) 501 (2.39 o 10.51) 131033 526) | . R
<-<2years 1189 (619 10 22.86) 575 (258 10 12.80) 169 (042 0 6.76] * Propranolol treatment of cavernous malformations with
<2-<3 years 921 (3.46 to 24.55) 577 (2.17 10 15.37) 251 (0.63 1 10.04) . i
<3 years 4,05 (1.01 10 16.21) 2.75 (089 o 853) 0.71 (010 0 5.07) symptomatic hemorrhage. World Neurosurg 88:631-639,

{ Overall 9.47 (6.45 to 13.90) 4.74 (3.06 0 7.34) 1.43 (0.68 to 3.00) J

2016 (2 cases)

Jeon et al., J Neurol Neurosurg Psychiatry 85:1366-70, 2014

Medical treatment (B-blocker, Propranolol) Candidates for medical therapy

Targeted Testing/prootof concept
. . . patineayunction Drugist Development status
* Retrospective review of 408 patients
RhOAROCK FasudiF®. % Preclinical® Nocurrent pathway for clinical
. . . devabopmant (side ectsand expiraton
* Descriptive and survival analyses of patients on long-term B- . . oty ! - "
pracinicat ey fo reparposing with IND exsmption.
blocker medication vs those who were not ROk 2 spachiciahibkon B0 pient a8 SE, et it 6 vlgamant
i prechinical® in progress CASH indications in humans
ptroemation Tempol® Precinical affoc inacutamodds
TABLE 5. Multivariate analysis of factors that influence follow-up .
hemorrhage among 496 CCMs mmuno-modultors (B-cel Precinical Potential fepurposing of el epletion
deplation)”. 4 biologics developed by several pharma
Factor p Value” (HR, 95% CI) i for multiple sclerasis and other
Any B-blocker 0.53 (1,36, 0.52-3.56) i .
Brainstem location 0.03 (240, 1.09-5.29) VisminD3 L. PR ——
’ 200reisve CACioMa VD promscuous s of Vit Oin the popalation
Hemorrhage at diagnosis 0.69 (1.15, 0.57-2.34) deficient subjects™®
Angiogenesis VEGF Propranolof®- Empiric case studies Ready for repurposing with IND exemption.

Younger age 0.01(0.98, 0.96-0.99)

* Cox regression

ploratary trial

rsued bocause of
s 3

Precinica Sulindac proposal to the Europaan

VEGF rec

itor (SUSA16 Precinical

* B-blocker does not seem to be associated with a decreased AEC e i o e
i JT Recombinant DL, Sorafenib™ Predinical
hemorrhage risk at presentation or during follow-up. et S s Pl

(anti-ERIGY

Goldberg et al., J Neurosurg (Epub), 2018 Polster et al., Neurosurgery (Epub), 2018
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Antithrombotics

Retrospective review of 16 patients (among 87 patients)
— 11 antiplatelet alone, 3 anticoagulant alone, 2 both

— 0 of 16 initially presented with hemorrhage

— None developed hemorrhage over the 82 person-years

Schneble et al., Stroke 43:3196-9, 2012

Retrospective review of 40 patients (among 292 patients)
— 32 antiplatelet alone, 6 anticoagulant alone, 2 both

— 5 of 40 (13%) initially presented with hemorrhage

— 1 patient developed hemorrhage over the 258 person-years
— Annual hemorrhage rate 0.41%

Flemming et al., J Neurosurg, 2013

Research priorities (non-surgical)

How do cavernomas start and develop?

Could drugs targeted at cavernomas improve outcome?

What mechanisms trigger bleeding or epileptic seizures?

Does regular monitoring of cavernomas improve outcome?

Do any specific activities provoke bleeds or other symptoms?

Antithrombotics

* Retrospective review of 82 patients (among 408 patients)
— 81% antiplatelet, 19% anticoagulant
— 19 of 91 (21%) lesions initially presented with hemorrhage
— 1 lesion developed hemaorrhage over the 143.9 lesion-years
— Annual hemorrhage rate 0.7%

" Survival Analysis

Vaiable COM-Related Hemormags (ro) (Cox univariste] (Coxmutivarist) HR  85%CI

Age (continucus). yrs /el 0035 0018 086 09590086
Sex 0248
Meie BE(W) -

811122 -

Female

High bisod pressure 0634 - -
ATM 78158 015 - -
Antpiatelet medication 63(128) 023 - -
‘Anticoaguiant medication 1530 0503 - -
locaon o 83  1.318-6.065
079

related hemorrhage of presentation T
ile COMs i )
Associaton wih DVA 90(183)

g

Bervini et al., J Neurosurg (online), 2018
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2. Microsurgery of Supratentoria CM
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Cavernous malformations(CMs) are common vascular anomaly of the central nervous system,
potentially causing hemorrhagic stroke and various spectrum of neurological morbidity. To
select the best strategies for each clinical scenario of CMs, one must be requested to weigh
the treatment risk against the best estimate of the cumulative natural risk. To date, there
has been a notable progress on understanding of genetic background of CMs, imaging
techniques, and treatment modalities.

According to previous study, CMs showed the bleeding rate of 2.3%/person/year (1.4%/
lesion/year), and recurrent bleeding rate of 7.8%/person/year. Follow-up study with MR
imaging revealed that the CMs showing mixture of subacute and chronic hemorrhage with
hemosiderin rim had a higher frequency to rebleed than other types of CMs. Developmental
venous anomaly seemed to affect concurrent sporadic CM by its angioarchitectural flow
dynamics.

Microsurgical treatments of CMs are primarily aiming to minimize neural tissue trauma
and maximize the capability of elimination of the target. Recent advances in microsurgical
armamentarium including sophisticated monitoring, neuro-navigations, and functional
imaging techniques could shed us a valuable light to reach the goal of microsurgical options.
In this review, the experiences mainly focusing on microsurgery of supratentorial CMs will be
presented. A concise consolidation of the growing body of knowledge regarding CMs will be

provided by referencing literatures as well.

21
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3. Microsurgery of infratentorial CM
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Introduction Introduction - Brain stem CMs

Brain stem Cavernous Malformations (CMs) Clinical characteristics
- repeated hemorrhage

- 9~35% of brain CMs : rate increases after one hemorrhage
- Benign disease - curable, clinically malignant - young patients, normotensive, repeated sx attack

- Surgery : relatively easy / high morbidity ) )
. .4 . iy Risk of symptomatic hemorrhage
no interstitial brain tissue, gliotic capsule -
Author & year No of Follow up  Annual hemorrhage rate (%)

skull base techniques patients  (mos)
navigation Kondziolka, et al. 47 43 32
1995
intraoperative monitoring Amin, et al. 1998 73 65 17.4
- MRI : revolutional
Kida et al. 1999 80 27

asymptomatic CMs
Pollock et al. 2000 17 51

- natural history




Surgical indications

* symptomatic hemorrhage who harbor lesions that approach
the pial surface

» abrupt or progressive neurological deficits
» acute hemorrhage beyond the capsule
* severe mass effect

» Repeated, multiple hemorrhage that causing deterioration of
clinical course

- first hemorrhage - conservative
- delay surgery in acute hemorrhage for 3~5 days
- more conservative in children

Clinical presentations

Presentation

Headache/dizziness, nausea
Cranial nerve symptoms

L, 1V, VI

Vv

Vil

IX, X, XI

Xl
Cerebellar symptoms
Hemiparesis
Hemiparesthesia or hemihypesthesia

Horner syndrome

Surgical Treatment

safe entry zone

S -

-
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Brain stem

Surgical Treatment
Approach
Midline

Retromastoid

Two point method

Surgical approach - midbrain

i

7°I-

Zt

23
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Surgical approach — midbrain Surgical approach — midbrain

* Subtemporal approach

Surgical Treatment Surgical approach — midbrain

safe entry zone

S u/ Bt

48M, diplopia, ataxia, sensory change

1 year F/U, postop




61M, diplopia, hemiparesis, facial palsy

49F, hemiparesis, ataxia

Surgical Treatment

A Fa

3 week F/U, postop

1 year F/U, postop

safe entry zone

@) Mot

@ o] 2t|ntets] | CHShe| Rt 25t3|
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30M, diplopia, hemiparesis, confusion

Surgical approach - pons

Surgical approach

* Safe entry zone - fourth ventricle floor

Facial colliculus
Sulcus limitans

Hypoglossal triangle

vagal wiangle

D. median sulcus above the facial colliculus

E. suprafacial

F. infrafacial

b
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Surgical approach 57M, diplopia, ataxia

» Safe entry zone

A. Supracollicular
B. lateral mesencephalic sulcus
C. infracollicular

D. median sulcus above the facial colliculus
E. suprafacial

F. infrafacial

G. area acustica

H. Posterior median fissure below the obex
1. posterior intermediate sulcus

1. posterior lateral sulcus

33F, diplopia, hemiparesis

6 month F/U, postop

55F, facial numbness, ataxia 41F, dizziness, facial paresthesia

2
2 year F/U, postop 201540 01




2016 Aug 15

Surgical approach - medulla

Surgical approach - medulla

Safe entry zone Dangerous entry zone

(/A CifSh| S RoI B8 S | CHghe BB 2 813]
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Surgical approach - Medulla

57/F, dysarthria

Suboccipital

%5

b
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64/F, dysarthria

@ Mzopran

62M, facial sensory change, gait disturbance

o S

1 month F/U, postop

B ugonua i aasce

40/F, hemiparesis, dysphagia, dysarthria, diplopia

1 year F/U, postop

B ugonua i aasce
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Postop rebleeding - midbrain Postop rebleeding - midbrain

38/F, Postop 3 mo

Postop 1 mo

28M, dysarthria, hemiparesis

2 days F/U, postop 1 month F/U, postop
@ xgorirss @ xgorirss
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1.5 month F/U, postop

SOoHrEH

Hypertrophic olivary degeneration
V4 " F ",_/
51/M, Rt. UfE paresthesﬁ

2008. 07. preop,. -

2008. 12. p%‘ﬂ- PO ™
1/ P 2

I

5 month F/U, postop 18 month F/U, postop

) Afgotarse

Acts Newrochir
DO 10,1007/500701-012-1567-y

CLINICAL ARTICLE - VASCULAR Cerebellar hemisphere

Hypertrophic olivary degeneration following
or gamma knife radiosurgery of brainstem ¢
malformations: an 11-case series and a revie

Jung-Ho Yun - Jac Sung Ahn - Jung Cheol Park «
Do Hoon Kwon - Byung Duk Kwun + Chang Jin Kim

Received: 6 August 2012 /Aceepied: 13 Navember 2012
{© Springer- Verlag Wien 2012
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24/F Headache, dizziness, ataxia

1t postop day
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4 year postop

Conclusions Conclusions

Brain stem Cavernous Malformations (CMs)

+ Complete surgical resection could be possible in about 80% of
patients.

Rebleeding rate was lower in cases with complete surgical
resection than in cases with incomplete resection

Surgery is highly recommended for patients with symptomatic
hemorrhage who harbor lesions that approach the pial surface,
and have abrupt or progressive neurological deficits, and have
severe mass effect

Surgical exposure and knowledge of the anatomy are very
important for the safe, total resection of the mass
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4, Radiosurgery

Improvements in surgical techniques have made possible resection of some cavernous
malformations (CMs) in previously unresectable locations such as the brainstem, thalamus,
and basal ganglia. Despite these advances, some CMs are located in regions that pose an
unacceptable surgical risk. For these patients and for those with medical contraindications to
surgery, stereotactic radiosurgery (SRS) has been advocated as an alternative treatment. Our
understanding of natural history of CMs and the role of SRS in the treatment of these lesions
is controversial. SRS has been introduced for the treatment of CMs, assuming that their
pathological vessels will respond to radiosurgery with a response similar to AVMs. CMs are
included as accepted indications for SRS, not established indications. Established indications
for SRS have withstood the test to time, and patient outcomes are comparable to, if not
better than, other treatment options, such as critically located AVMs, brain metastases, and
recurrent vestibular schwannomas. Accepted indications for SRS include dural arteriovenous
fistulas, high-grade gliomas, and CMs. SRS for accepted indications is frequently performed,
but the available data are not conclusive at this point as to whether patient outcomes are
superior to alternative management strategies. When treatment for CMs is considered,
bleeding and seizure are two major clinical factors. If left untreated, the bleeding will repeat
and can cause neurological deterioration, especially from deep-seated lesions. Therefore,
minimally invasive treatment with low morbidity such as SRS should be considered even if
long-term benefits have not yet been identified. The Author presents the efficacy of SRS for
CMs and reports long-term effects on bleeding rate and epilepsy control. SRS seems to be
relatively effective and safe for reducing the rebleeding rate to deep-seated CMs. Careful
selection of a low marginal dose and an optimal radiosurgical technique are helpful to

achieve good outcomes.

Key Words: Cavernous malformation - Stereotactic radiosurgery
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1. Functional Venous Anatomy of the Brain
Masaki Komiyama (Osaka City General Hospital, Japan)

2. Cerebral arterial anatomy AR| (MBTH)
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1. Functional Venous Anatomy of the Brain

Masaki Komiyama
Osaka City General Hospital, Japan

Knowledge of the functional vascular anatomy of the brain is essential in the neuro-
interventional procedures. Similarly, this knowledge is also required in neurosurgery,
especially when a particular artery or vein is to be sacrificed during surgery. Permanent
occlusion of the major artery is challenged by balloon occlusion test, but for venous sacrifice,
such a procedure is practically not applicable. Up to now, reliable methods to judge safety
of such destructive procedures are lacking. Knowledge of the basic angioarchitecture of the
cerebral veins, in other words, “functional venous anatomy” may help to understand safety

or risk of sacrificing cerebral veins.

Development of the cerebral veins does not parallel to that of the cerebral arteries. Paired
primary head veins developed at both sides of the neural tube collect blood from the
superficial primitive dural plexuses (anterior, middle, and posterior). After the closure of
the neural tube, the initial choroidal drainage to the median vein of prosencephalon is
transferred to the paired internal cerebral veins and the great vein of Galen. Dorsolateral
enlargement of the cerebrum requires development of tentorium cerebelli. Tentorial sinus
within the tentorium initially receives blood transversely from telencephalon, diencephalon,
and mesencephalon, and transfers its role to the longitudinally formed basal vein (1%, 2" and
3" portions, respectively). Superficial cerebral veins (Sylvian, Trolard, and Labbé) establish
enough cortical anastomoses each other. Subsequently, the superficial Sylvian vein draining to
the tentorial sinus is captured to the cavernous sinus (cavernous sinus capture) to a variable
degree following regression of the distal tentorial sinus. Variations of drainage patterns of
the basal vein, cavernous sinus capture, collaterals at the base of the brain (Trolard venous
circle), development of transcerebral (transmedullary) veins may provide various clinical
pictures in cerebral venous pathologies. Understanding of the functional venous anatomy is
essential for the interpretation of the pathophysiology of the cerebral venous diseases and

for the safer treatment.

Key Words: cerebral vein, dangerous vessel, embryology, functional anatomy
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2. Cerebral arterial anatomy
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cerebral arterial anatomy
supratentorial arteries

paracentral artery along marginal sulcus or paracentral sulcus
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1. lethargy
2. hemiparesis
3. aphasia
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an aneurysm at collaterals from LPCA
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thalamoperforating artery




st &2l nt5t3| | st Bl »a e

&Z2) Kkscvs-SKEN 115 5+

o

Z+E}

& AP LIC

45






CHotk| 2 Etelateta] | Ciohe|E 2L 2ot o]

KSCVS-SKEN &5 H4%5

Scientific Session IlI: Dural AVF

g AESE (2ch), FHEEZ (YHr)

1. Overview ZY (M)
2. Transarterial approach U8 (oFFCH)
3. Transvenous approach S (24T

4, Direct approach; SOV, burr hole LEE (VMICH Bgelztzy)
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Overview of
Cranial Dural ArterioVenous Fistulas * General perspectives

+ Special considerations in some subtypes

Won-Sang CHO * Treatment experience in SNUH

Department of Neurosurgery
Seoul National University Hospital

Definition Characteristics

» 10%-15% of intracranial vascular malformations
* Locations: TSS, CS, SSS, ACF, tentorium, others

* Onset: 50-60 years > younger ages

* Pathological anastomosis between meningeal arteries and
dural/cortical veins/sinuses

= No predilection of sex

¥'Hemorrhage

¥'Non-hemorrhagic neurological deficits
¥'Benign symptoms

vIncidental finding

i

= Various clinical manifestations related to the locations

7°I-

Zt
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Locations of DAVFs

=2 07N :\/\' =
/ﬁ:_h*_l_ tentorium Tru“pl:irli

‘Anterior condylar veins

Kiyosu, Radiographics 2004

Pathophysiology

* Causes
¥Idiopathic
¥ Others: trauma, infection, previous surgery, tumor, venous
thrombosis

* Hypothesis

Progressive sinus steno-occlusion = Venous hypertension =
Formation of fistulous connection between meningeal artery and sinus

* Cause of clinical manifestations
Venous hypertension, global and focal

Lalwani Classification, JNS 1993

Kiyosu, Radiographics 2004

« Grade 1: feeder to sinus (antegrade)

« Grade 2: grade 1 + sinus reflux +
cortical reflux

* Grade 3: feeder to sinus (retrograde)
and cortical veins

« Grade 4: feeder to cortical veins

Locations of Feeders

*Trans-osseous feeders
OA, STA

*ECA feeders

MMA, AMA, artery of foramen rotundum, deep temporal
artery, ascending pharyngeal artery

+ ICA feeders

Ethmoidal artery, inferolateral trunk (ILT), capsular artery,
meningohypophyseal trunk (MHT)

Djindjian-Merland Classification, in 1978

* Type 1: feeder to sinus or meningeal veins
» Type 2: type 1 + cortical venous reflux
» Type 3: feeder to cortical veins

- Type 4: feeder to dural or venous lakes

Borden-Schucart Classification, J Neurosurg 1995

* Borden type I: feeder to sinus (antegrade)

« Borden type II: feeder to sinus (antegrade) and cortical veins
(retrograde)

» Borden type III: feeder to cortical veins (retrograde)

« Subtype a: single feeder
* Subtype b: multiple feeder



Cognard Classification, Radiology 1995

* Type I feeder to sinus (antegrade)

* Type IIa:- type I + smu.s reflux / Bleeding 1
« Type IIb: type I + cortical reflux VICP 1

* Type Ila+b: type [ + sinus reflux + cortical reflux

» Type IIL: feeder to cortical veins

« Type IV: type Il + venous ectasia

+ Type V: feeder to spinal perimedullary veins v Myelopathy 1

Clinical Symptoms

+ Clinical course
¥ Asymptomatic
¥'Benign (non-aggressive): ophthalmologic symptoms (chemosis,
proptosis, blurred vision), tinnitus, bruit
v'Aggressive: bleeding, neurological deficit w/ venous hypertension

+ Hemorrhage

+ Non-hemorrhagic neurological deficits (NHND)
« Seizure, cranial nerve palsy, trigeminal neuralgia, dementia, Parkinsonism,
cerebellar dysfunction, motor weakness, sensory disturbance, myelopathy,
aphasia, apathy, apraxia, IICP signs (HA, N/V, papilledema)

Diagnosis

é/@’\x\ CHoh= g Rto|ntats| | cietel a5 3t2]
==Y KSCVS-SKEN ¥-5 A+t

Zipfel Classification, Neurosurgical Focus 2009

TABLE 2: Proposed modification to angiographic classification systems for DAVFs

Annual Risk (%)
Modified Borden- Cognard Venous

Type Shucart Type Type Drainage CVD ICH Death Treatment Recommendation

1 I I, lla dural sinus  no 0t  elective treatment for intractable symptoms:
2w/ aCvD ] lb,lla+b duralsinus yes 0§ elective treatment to prevent ICH/NHND
2w/ sCVD [ lb,lla+b duralsinus yes 38§ mmediate freatment to prevent ICH/NHND
3w/ aCvD mn v, v CvD yes 0§ elective treatment to prevent ICH/NHND
3w/ sCVD 1] A CVD yes  74-761§  3.8§ immediate treatment to prevent ICH/NHND

* aCVD = asymptomatic CVD; sCVD = symptomatic CVD,

Zipfel, Neurosurg Focus 2009

Table 1
Symptoms of Intracranial Dural AVFs

Locaton

Cavernous  Transverse-Sigmoid ~ Tentorium  Superior Sagittal  Anterior Fossa
%) ) (o S (%)

Symprom Sinus (%) Sinus (%) (%) Sinus (%)

Ocular symptoms 80-9 . R

Cranial nerve deficits 44-77 7-12 14-17

Bruit, tinnitus 40-30 40-42 70-88

Headache . 16-76 824 50 1215

Visual symptoms 28-38 1228 - . e

Central nerve deficits 3 10-20 2342 29 3-33

Intracranial hemorrhage Rare 1528 60-74 23 184

Dementia . Rare . 5 v
Kiyosue, Radiographics 2004

Treatments

« Conservative Management
¥'Benign or asymptomatic lesions with low grade
v'Manual compression: carotid or ophthalmic areas

« Surgery
» Endovascular intervention

v Approaches
+ Trans-arterial embolization (TAE)
+ Trans-venous embolization (TVE)
+ Combined embolization

¥ Materials: NBCA, PVA, Onyx, PHIL

« Radiosurgery
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Surgery

« Indication
v Difficulty in endovascular app
¥v'No or low global venous hypertension
v'ACF DAVF, isolated/occluded CS/TSS/SSS/torcular DAVF

* Techniques
¥'Obliteration or disconnection
¥ Skeletonization
v'Exposure and direct puncture of dura or draining veins

TVE

* Retrograde access into sinus or vein, even occluded routes
« Embolization materials: coils, liquid agent

* Advantageous for lesions with multiple arterial feeders with
small caliber and tortuosity: CS DAVF, TS DAVF

+ Important to maintain the normal venous drainage
-unless, venous infarction or hemorrhage can occur

CS DAVF

» Most common with TSS DAVF
 Symptoms: orbital, ocular, cavernous, cerebral Sx
« Clinical course: benign

Spontaneous regression (20%-50%)
* Treatment:

¥TVE > TAE, SRS

v'Complete obliteration rate = 80%-100%
« Cranial nerve palsy

¥'New onset

¥ Paradoxical worsening

¥ Delayed occurrence

TAE

« Superselection of feeding arteries and microcatheter wedging

= Embolization materials: coils, particles, glue, nonadhesive
agents (Onyx, PHIL)

* Be able to preserve venous drainage

« Risk of infarction (brain, cranial nerve), skin necrosis,
hemorrhage by vessel injury

Radiosurgery

» Indication

¥Lesions not amenable to endovascular or surgical treatment
v Lesions w/o CVD
v'Nonaggressive lesions w/ CVD

* Results
vStill preliminary
¥ Tendency of high obliteration and low complication/bleeding
¥ DAVF w/o CVD > DAVF w/ CVD
¥ Low grade DAVF > high grade
¥ Nonaggressive DAVF w/ CVD > aggressive DAVF w/ CVS

& Basilat plexus

Robinson, Am J Neuroradiol 1999



Cranial Nerve Palsy After Treatment

Pasttreatment period (mos)

9 L
* TVE >> TAE 3- )
» New occurrence or worsening :
v T%-22% L, |
v CN6 >> CN3 and 5 H | :
2
A

]
« Complete recovery h [
¥ 83%-100% i e
¥ Within 6 months T r—
! a2
B i

Case No.

Cho, unpublished data

Compromise of Deep Venous Drainage

v'F/69
v'Bilateral CS DAVFs, Rt TSS DAVF, Rt jugular bulb DAVF
v Treatment history
» TVE+TAE (2 sessions) for bilateral CS DAVF: complete obilit.
* TVE (3 session) for recurred Rt TSS DAVF: complete oblit.
v Complication after 5t TVE
Severe HA and HCP in 2 hours
Coma in 3 hours

Anterior Condylar Vein or
Hypoglossal Canal DAVF

* Symptoms

Tinnitus, cavernous sinus syndrome, CN XII palsy
* Fistula

Osteolytic lesions near or at hypoglossal canal

DDx. Jugular bulb DAVF
« Treatment

TVE (venous pouch) >> TAE (APA)

@ CifSh| S RoI B8 S | CHghe BB 2 813]
=2 KSCVS-SKEN 5 94t

TSS DAVF

* Most common with CS DAVF
« Symptoms: tinnitus, HA, hemorrhage, NHND
+ Clinical course: more aggressive than CS DAVF
* Treatment:
¥ Incidence: TVE > TAE > SRS > surgery
¥ Success rate: surgery > TAE, TVE > SRS
Important: preservation of normal venous drainage
v Complete obliteration rate: 60%-100%

In 2hrs,

SNUH data: 2004-2017

+ Endovascular intervention

287 patients with 331 lesions, 349 sessions
* Surgery

12 patients

* Radiosurgery
16 patients
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2. Transarterial approach

2018 KSCVS-SKEN B8 X2 Scientific Session II: Dural AVF . .
Normal dural arteriovenous architecture

Transarterial approach of

Dural-AVF

A8 H
ofFCHEH

Microvascular circulatory unit of Dura mater Etiopathogenesis of DAVFs

Venous sinus Recanalization
thrombosis

leuroradiology 1973 ,6:175-9 Surg Neurol. 2007 Sep;68(3):272-6




Definition of DAVFs

Abnormal AV shunts within the
leaflets of the dura mater, usually
within or near the wall of the dural
sinus.

Arterial supj ly from
meningeal [ il arteries.

Requirements of embolization of DAVFs

If a sinus is occluded or severely stenosed, treatment should be directed to
reestablish sinus patency
= if that f nus occlusion with angiographic
considered

If there is @ I venous pathway that was not previously occluded, it
should not ced

Treatment should not induce redirection of flow to other cortical veins

Neurosurg Rev (2015) 38:273-281

Bridging Vein Shunt

g X X
Z | ChghoERielatels) | St S B~ 2 21S]
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Goal of embolization of DAVFs

An angiographic cure by obliteration of all feeders and preximal draining
veins with preservation of the patency of the affe

In complex and difficult DAVFs
* to achi | freatment with reversal of the aggressive type of
DAVF t type
* to facili sequent radiosurgery or neurosurgery

Tailored individual treatment strategy
* Angioarchitecture
* Natural history of the DAVFs
* The severity of symptoms

Tx. Algorithm

Dural AVF

(1) arterial feeders

(2) fistulous connection

(3) venous outflow

(4) normal dural sinuses

(5) venous anomalies (ie, venous pouches)

(6) potential@xtracranial to intracranial anastomoses
(7) potential anastemoses to cranial nerve vasculatures.

Dural Sinus Shunt

2

Neurosurg Rev (2015) 38:273-281
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Dural fistula angioarchitecture Tx. Algorithm

?»' *

Liquid embolization

ndovascular
approach

Requirements of selective TAE of DAVFs Ligquid embolics

The microcatheter be positioned into the ideal distal aspect of the feeding = =
PHIL Onyx nBCA
artery (MICROVENTION) [Covidien/Medironic)  (various manufacturers)

Precipitating Co-polymer Precipitoting Co-palymer

e ok Ao Diisolved in DMSO Disscived in OMSO P aw

Delivery of the embolic material through a feeding uﬂ‘ the shunt and
odine coralently banded fo

then into the most proximal venous outlet Radispocifier and Density i Tortahm in Sipenion o
Moderote Homogenous g Taralum con be odded

Upiedel

Hydroxyesnyl menocrylote | Efvylene Viny! Alcohol rBuryl Cyanoeryiare
(EvOH) (PBCA)
. 8
. e
500 cS (For oneurysn 1
rectmer)

Challenges Embalic Material

* Multiple, small; and tortuous feeders . 168

* Proximal occlusion of feeding artery Viscosity Range In Centistoke (<51} |k tuadi
* The persistent arterial flow and recruitment of collateral blood supply

Dangerous anastomosis of the ECA-ICA or VA anastomoses

Embolization of feeders of cranial nerves i laaa aretes WA o M e Mo e for kg

Embolic material migration fo the vénous site = venous occlusion Sterie prefouded syringe | Tronsfer fromviol fo ryringe | M B4 mixed/dibaed

* Exacerbafing venous hypertension Specialized Cathefer Required? Yes [DMSO compotible] Yes (BMSO comparible] He

Risk of Retained Cotheter Maoderate Moderote

Viscesiry is derermined by
pre procedural mizing with
iplodal

Significont Artifact No ME or CT Artifact

MR or CT Artifact Wl M e T Al i MR o €T 1o rommoksn

DMSO Compatible microcatheters NBCA

MicroVention  Medtronic Stryker ¢ a cheap, fast embolic material
a liquid adhesive, thromboge:
Detachable Tip Catheter polio™ requires a highly experienced operator with the ability to determine the appropriate

concentration of NBCA (about 20-25%)
Scepter™C
Dual Lumen Balloon Scapter™ XC Maijor disadvantages

. me (within minutes) and limited amount of NBCA mixture

Marathen™
Heodway®

Headway®BUO Excelsior™ XT-17

UlrraFlow™ v' proximal arterial occlusion in highly concenirated NBCA

¥" migration to a draining vein in low-concentrated NBCA

Advantages
* shorter procedure lengths
* decreased radiafion exposure
* lower cost compared with Onyx-based embolization




TAE of DAVFs with NBCA

¢ Candidates
* direct RLVD : ideal candidate
* Less commonly, RLVD + sinus (parallel venous pouch or
compartmentalization)
* Standard procedure
transfemoral arterial route
NBCA. le microcatheter is navigated as ¢ as possible to
the fi nection (“wedged”)
v arrest in the vessell
the microcatheter is flushed with 5% dextrose solution
¥ fo avoid glue precipitation within the microcathefer
The injection dynamic should be predicated on the catheter’s distance
from the fistula, flow rate, the size of the feeding a. engaged
Low-concentration NBCA is usedite achieve distal penetration
concurrent injection of dextrose selution via the guide catheter during
embolization can prevent proximal pelymerization and premature
proximal occlusion

TAE of DAVFs with ONYX

¢ Candidates

¢ direct RLVD : ideal candidate

¢ RLVD + sinus (parallel venous pouch or compartmentalization)
+ Standard procedure

* transfemoral arferial route

* Onyx-compatible microcatheter is navigated as ssible to the

fistulous lion (“wedged”)
the mici r is filled initially with the solvent DMSO
Proxi Onyx

e reflux, inadvertent distal migration of Onyx
¥ the injection can be halted, the roadmap renewed, and the
injection restarted after/1 to 2iminutes
reflux should not be allowed in proximity to the level of the foramen

spinosum = to avoid inadvertent compromise of the arterial supply to
the trigeminal and facial nerves

Facial Nerve (Geniculate Ganglion): MMA (foramen spinosum]

Middie Momingeal &

internal Auditory
Meatus

Hartus Fatlogs

g X X
z CifSh| S RoI B8 S | CHghe BB 2 813]
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ONYX

a nonadhesive liquid embolic system

Consists
¢+ ethylene vinyl alcohol (embolic material)
¢+ dimethyl sulfoxide (solvent) - deliver ethylene vinyl all
* tantalum powder (radiographicvisualization)

initially introduced for AVM in 1999, DAVF in 2006 (Carlson
advantages
* slow, col jjection
* Injection amounts
¥ can resultin filling of the fistulous network and allow for reflux into other
arterial feeders in a single feeder embolization
¥ relatively high morphologic cure rate of 62.5-80%
disadvantages
* Unknown long-term patency
Onyx itself may leave microchannels within the cast - allow a small fistula of
flow - recurrence
cause significant inflammation within the vasculature (CCF)
v' Cranial nerve irritation — cranial N. palsy

Dangerous EC-IC Anastomoses & Supply to the
Cranial Nerves

Internal carotid artery

Ophthalmic artery oug |

al) |

Jocciptal artenes,

ervical arteries
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Neuromeningeal trunk is @ major branch of the
ling pharyngeal that continues cephalad,
but angling gently to the pesterior. It has several
important branches:
+ Jugular Branchs
¥ Often the largest b
" Supplies the CNIX = XI
¥ Also ascends along the clivus supplying
the CN VI
* Hypogolssal Branch:

foramen spinosum 0

TAE of DAVFs with ONYX

¢ The most common cause of inadequate fistula obliteration

¢ failure to reach the venous side

¢ failure to overfill the proximal venous side

» Onyx will initially coat the endothelial surface circumferentially before
obliterating the lumen of the embolized vessel .

* Disadvantage

* prolonged fluoroscopy : Alopecia, cutaneous burn

* High cost

* Posiprocedural pain d/t dural ischemia
* Procedural complications

* Inadverient microcatheter retention

* Pulmonary embolism

* Bradyarrhythmia d/t trigeminocardiac reflex

¢ CN palsy

Transarterial balloon-assisted embolization

Transverse-sigmoid sinus DAVFs combined with fransvenous balloon prefection

* arterial supply

Dural branches of occipital artery

middle meningeal a.

ascending pharyngeal a.

Dural branches of vertebral a.

Tentorial branches of meningohypophyseal trunk ‘

* benign DAVFs + functional antegrade TS5 drainage

TAE with preservation of the patency of the TS5 and symptomatic Tx.

+ aggressive TSS w. + leptomeningeal venous drainage/ reflux

total occlusion of the DAVFs by TAE or TVE
normal antegrade cortical venous drainage should be avoided

* Techniques

TAE of DAVFs with Onyx or NBCA

Transvenous balloon-assisted sinus protection during TAE

Double-lumen balloon microcatheter of TAE of dAVFs with Onyx

Transarterial balloon-assisted embolization éémbined with transvenous balloon
protection




Cavernous sinus DAVFs

Arterial supply
* multiple small dural branches of the ICA and/or ECA
Venous drainage
¢+ Anterior drainage =* ocular symptoms (e.g., chemosis;: almos)
+ Posterior drainage (Sup/Inf. Petrosal sinus) 2 bruit, x to
cerebellar veins

nonhemorrhagic nevrologic deficits = observafion, manual compression,
radiosurgery
+ Pial reflux + gradual loss of visual acuity / CN palsy > embolization
* TVE: most effective
* TAE, transorbital approach
Concerns of TAE with Onyx
* occlusion of blood flow to facial or frigeminal nerve
* migration of Onyx cast to the pial artery via dangerous anastomoses =
ischemic stroke, blindness

Superior sagittal sinus DAVFs

Arterial supply
* dural branches of bilateral MMA
* Anterior falcine a. of ophthalmic a.
Venous drainage
* frequently associated with restrictive drainage of the C rade cortical
venous drainage
¥ aggressive neurologic Sx. (50%)
v Bleeding (15~40%)
v Di frontal lobe venous congestion, ischemia
Tx. Strateg
rto Fs
* TVE with coil packing of affected 5SS in nonfunctioning 555
* if the SS5 has partficipated in normal venous drainage = TAE with NBCA /Onyx
Concerns of TAE
* usually distally and fortuously feeding a. = difficulty in navigating the
microcatheter fo the fistula site 2 iisufficient embolization = recurrence
Techniques
* TAE of DAVFs with Onyx or NBCA
* Transvenous balloon-assisted sinus protection during TAE
* Double-lumen balloon microcatheter of TAE of dAVFs with Onyx
* Transarterial balloon-assisted embolization combined with transvenous balloon
profection

SUMMARY

Endovascular embolization is the mainstay of treatment of most infracranial DAVF.
Transarterial, transvenous, combined, or direct percutaneous approaches can be used
based on the angicarchitecture, clinical presentation, location, and operator
preference.

With close exal tion of the angiocarchitecture and indivi nt,
effective obliteration can be achieved with an acceptably | tion rate.

g X X
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Tentorial DAVFs

* Arterial supply
¢ Tentorial a. from
¥ Dural branches of meningohypophyseal a. / MMA
* Venous drainage
¢ drain only via the leptomeningeal vein
¥ Sup. Petrosal sinus
¥ pontine, perimesencephalic, and basal veins into ic system
sive neurologic symptoms
inical behavior : 79~92%
morrhage : 70% - fatal bleeding in posterior fossa
I fistula occlusion
* Tx. Strategies
¢ TAE with Onyx [ NBCA

Anterior cranial fossa DAVFs

* Arferial supply
* posterior [ anterior ethmoidal branches of the ophthalmic arferies
*+ ethmoidal branches of the ECA
* Venous drainage
¢ There is no dural sinus
* retrograde leptomeningeal - cortical venous drainage
only = high risk of aggressive neurologic symptoms.
> Tx. Goal angiographic cure
*  Tx. Strategi
* Surgical
* TAE through ophthalmic a.
* TVE
* Concerns of TAE
* microcatheter fi located beyond the origin of the central refina artery =
avoid stroke and blindness

tal cortical v.)
rrhage (84%)
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3. Transvenous approach

Transvenous approach of cranial dural AVF

Jung Cheol Park

Department of Neurosurgery

Asan Medical Center

University of Ulsan College of Medicine, Seoul, Korea

Management of cranial dAVF

v Understanding
« The anatomy
+ The angioarchitecture
= The hemodynamic condition
= Device including the embolic material

Localization

« Cavernous sinus

« Lateral sinus

« Superior sagittal sinus
- Fronto-ethmoidal

- Tentorial

« Skull base

Hiramatsu H et al. Clin Neuroradiol 2014

Transverse-Sigmoid Sinus dAVFs

v transvenous embolization
- Suitable venous anatomy
- compromised, no longer contribute to drainage of normal tissues
- parallel venous channel

- separate from, but in communication with the TS or SS
= Approaches

- femoral venous access

- direct puncture of the IV

- craniotomy with direct punctures of a venous sinus
¥ venous sinus angioplasty and stenting




Transverse-Sigmoid Sinus dAVFs
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Transverse-Sigmoid Sinus dAVFs

Tanoue S et al. AINR 2012

Cavernous Sinus dAVFs

+ meta-analysis (1997)

- Overall success rates: TVE 78% vs. TAE 62%
< IPS route

« Successful embolization: 64%

- Thrombosed IPS can be traversed in some cases: 0.035” guidewire
v 50V route

- Surgical exposure, success rate: 92-100%

- Percutaneous puncture of the SOV
+ Alternative techniques for access

« Direct puncture of the JV

« Transfemoral facial v. approach

= Superior petrosal sinus

« Sylvian vein, pterygoid plexus, frontal vein

Pin-point the shunt

Kiyosue H et al. Neuroradiol 2015

Number ofcases  Techniques Immediate angiographic results

Number (average) Sekctve TVE  Sinus packing  Complese occlusion  Marked megression

PM alone 1-201.2) 6
PL alonc 1 3
PMand PL 2324 s
PMand PLand L 3 2
PMand PLandLand M 34 (3.7) 3
Touk 9

6

% — =0

1
3 3
4 H
1 1
2 1
1 1

whn=oeoe

1 6

Tentorial (superior petrosal) dAVFs

+ Transvenous embolization
- Difficult or impossible
- tortuous leptomeningeal drainage is not connected to a venous sinus

|
Superior Sagittal Sinus dAVFs

+ Transvenous embolization
- Angiographically remote
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Anterior Cranial fossa dAVFs

¥ Transvenous embolization
- Angiographically remote

e
Treatment strategy

v Treatment indications
v Endovascular approach first
¥ Route
« Location and angio-architecture
« Transvenous approach to interrupt the fistula
+ Transarterial approach via the most accessible feeder for Onyx use
+ Combined approach

v Palliative arterial embolization if curative embolization is not
possible

v Surgery or GKRS

Complications

¥ Inadvertent occlusion of the venous side

v Change of pattern of the venous drainage in partially treated
cases

¥ Cranial nerve palsy
« Direct injury to the vasa nervorum
+ Mass effect of the embolic materials
¥ Arterial embolism
¥ Trigeminocardiac reflex
v Device-related complications

Innovative approach

v Stenting of the stenotic sinus, Use of stent-assisted
angioplasty
+ To open the sinus

- To collapse the mural fistulae by the outward expansile force of the
stent

Innovative approach

e
Summary

v Cranial dAVF shows a diverse and dynamic clinical pictures

v Endovascular treatment strategy has changed a lot due to
recent advance in imaging and intervention

¥ Understanding the angioarchitecture in depth is the most
important step in the intervention procedure

v Both transvenous and trasarterial approches are feasible and
the choice is solely dependent on the lesion itself
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4. Direct approach; SOV, burr hole

JIExX
[=NeNLE
QIM|CHStm O|ThCHB} M2 2EA Sl QIAro|stat

Direct puncture for treatment
of DAVS; the last choice?

Yonsei University College of Medicine

Endovascular embolization ;
transvenous

Dong Joon Kim
Dept of Radiology
Severance Hospital

DAVF accessible routes
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Direct venous access

* Indications
— High risk DAVS
— No accessible route
- High risk of complications
« Cranial nerve palsy
« Collateral

» Methods
— Direct percutaneous access
— Direct surgical access

Cavernous sinus

Cavernous sinus
» Occluded IPS (n=49)

— Initial route
* Transoccluded IPS
— 34/49 cases, Selection success; 54.3% (19/34 cases)
« Transfacial vein
— 4/49 cases
+ Transarterial
— 11/49 cases
— Failed initial route
+ Radiosurgery
— 4/49 cases
+ Direct puncture of SOV
— 3/49 cases

-Kalisch Ophthalmology 2002
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Dura perforation during occluded IPS catheterization

Duration  Perforation Sinus Cause of
Case Sex Age of sx site patency  perforation T« Oufcome
1 F 55 3mo IPS Occluded Microwire  Coil Good
2 F 68 1 mo cs Occluded Microwire  Coil Good
3 F 58 2mo IPS Occluded Microwire Coil Good

Sx: symptoms, mo: months, IPS: inferior petrosal sinus, CS: cavernous sinus, Tx: treatment

Direct surgical SOV access

Technique
— Eyelid cutdown, SOV exposure
— 5F micropuncture system/ coaxial dilator catheter; fixation of
external catheter under roadmap guide
— Microcatheter access
Indication
— Facial vein, IPS, IJV thrombosis
Contraindication
— No dilated SOV
— location deep in orbit
Risks
— Retro-orbital hematoma
- weak venous wall related to age of shunt
— Damage to anterior orbital structures
= Cranial nerve, Intracccular muscles, Globe

Direct surgical SOV access

« Quinones AJNR 1997

- N=13

— Coil embolization

— Complete occlusion & symptom improvement (12/13 cases)

— Transient abducens palsy (n=1), Silk suture granuloma (n=1)
+ LeeJH ActaNeurochir 2008

— N=7, no access fail

— Coil embolization

— Complete occlusion & symptom improvement (n=7)

— Transient neuralgia (n=2), transient brainstem congestion (n=1)
+ Jiang JNIS 2012

— N=9, no access fail

— Onyx & coils

— Complete occlusion & symptom improvement (n=9)

Direct percutaneous SOV access

« Technique
— Small incision on upper eyelid
- ng needle puncture under roadmap or real time

— Blood return
— 035 wire
— 5F catheter
» Advantage
— No surgical cutdown
— Cosmetic
* Risk
— Intraorbital/eyelid hemorrhage
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Scientific Session Il: Dural AVF

Direct percutaneous IOV/CS access

+ Technique
— 6 inch 18G radial artery-line catheter inferolateral to
globe under roadmap or fluoroscopic guidance
— Advance along inferior orbital rim
— Target SOF
= Oblique projection for AP tube; separate SOF from optic canal
— Blood return
— Microcatheter 8 microwire
+ Risk
— Orbital hemorrhage
— Nerve damage
— ICA laceration
- Globe puncture

Percutaneous superficial vein
access

» Transfacial vein
— US guide, 18G cannula, 010 microcatheter
— Less risk related to venous rupture

» Transfrontal vein
— 18G cannula, 010 microcatheter

— Maximal posterior flexion/compression of
Jjugular vein for venous distension

+ Trans-superficial temporal vein
— 18G IV needle, microcatheter
— Percutaneous

Transcranial burr hole access

+ Technique @ Severance
— Landmark for involved sinus & puncture site under
DSA guide

— Supine position for 5SS, lateral decubitus for TS

— Skin incision & burr hole @ puncture site

— Target sinus puncture
+ (1 week after craniectomy to allow healing of subQ fascia)
* 18G angiocatheter (micropuncture set)
+ Sinography
+ Fix sheath

* Advance microcatheter & wire to target under roadmap or
DSA guide
+ Embolization with coils (liquid embolics)

Transcranial burr hole access

¢ Indication

— Isolated DAVS with CVR

— No other access route available
* Risks

— Hemorrhage

— Patient logistics; hybrid OR
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Clinical and radiological characteristics of pattents meated by manscranial approach® S evera n ce ex perl ences
Aps Location Failed Embokic  Last Angio )
T e - on DA D A Ginica
= . = = plee Case Sex Age Presentation s | Materials outcome outcome
1 2LF  Cl&headaches $§§  spontaneous thrombosis 1TVA colls 14 esion
2 ;D.M bematoma nTS thrombosis 2TAAs, 1 TVA coils & glue 18 Gatdistorbance.
PoRM St i pwnwuscm.ld::bohnim I TVA 1 TaA ;f s 1 M50 memory  RUTS,torcula 9Nt TS. Coils Complete ~ Complete
5 46 M  CS & headaches nTS  previous coil embokzation  1TVA/ITAA  colsfghe  — imeainmant torcula resolution
6 29F Cl&seizues SSS  spomaneous dhrombosis coils 3 imp
7 64 F cerbellarmficion  nmSPS  spontaneons thrombosis ITAA | urgery  glue — Mental change,  Left TS, Complete
8 58 F  beadaches & umnims R TS spontaneous thrombosis 1TVA coils - 2 F 68 Headache Dysar Cavernous Left TS Coils Complete "
9 4TF  timnitus TS spontaneous i 1TVA coils & gle  — thria sinus resolution
10 6LF SSS  sommeousdwombosis  ITAAITVA  coils — Complete
Py ——— p o5 e “TCh= : 3 M 60 Headache SSS, RightTS  SSS Coils  Mear complete ‘
Ango = mgiogrphic 1 » cogute impaies csmmTM ransartenal approach: TCA = transcraial ap- - resolulion
« Craniectomy in OR, Embolization in DSA suite 4 m e (Meakness. sss ss8 Coils  Nearcomplete  COMPIEte
. Headache, resolution
« Enlargement of craniectomy; 7/10 cases Dementia
. . . . . Aphasia s/p TAE . .
« Complication (n=1); transient hemiparesis from 5 F outside hospital ST 1S LTS Coils Complete  Mortality
I i i Exophthalmos,
parasaglttal SDH. after failed sinus puncture 6 F 2 hydrocephalus, LeftTS, 888  LeftTS Coils  Near complete g}ggﬂfﬁ"{:
+ Complete occlusion (n=10) scalp lipoma
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Scientific Session Il: Dural AVF

Emergent decompressive therapy, however expired

Early detection of hemorrhage

— Only minimal BP fluctuation
« BP during procedure 90-110/50-70, PR 60-80
+ Single peak 140/80, 71

— IICP sign check

Exact localization

— Larger FOV
« Puncture
+ Subdural hematoma detection

— Too small target? 4.9mm?

— More difficult on left side?
« Working space; detector & anesthesiology table
+ Patient position

Other treatment modality?

Transcranial foraminal access

» Technique
— Identification of transcranial (transdiploic)
meningeal branch
+ Large enough diameter of foramen
— Visualization of foramen on 2d x-ray
+ AP view; puncture location
+ Lat veiw; puncture depth (outside inner table of skull)

— 25G venous system butterfly needle with 30cm
microbore (AbbottLab) or 18G IV catheter with
microcatheter

— Onyx/glue injection
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Transcranial MMA access

» Technique
— Identification of target MMA branch
— Cranial decortication

— Meningeal artery vasospasm prevention
« 10mg verapamil I1A

Transcranial navigation assisted
access

Hypoglossal canal DAVS
— 3D DSA; exact localization of shunt

— Multiplanar & volume rendered CBCT; ideal
virtual needle path & depth

— Navigation software (Syngo iGuide needle
guidance, Siemens); Bull's eye & needle
progression views

Conclusions

Direct access of the target sinus through various
routes may be a viable option for embolization
of DAVFs when other conventional transvenous
anfd transarterial routes are unavailable or not
safe

Techniques, devices, vascular anatomy, patient
position, and logistics should be meticulously
studied and planned before the procedure
Multidisciplinary team with state of the art

equipment is necessary for safe and effective
treatment
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Workshop by Video for Beginner

(Surgical Anatomy and Basic Technique)

ZPg: ZERM (Reth), ™2 ()
1. ACOM, Distal ACA aneurysm FEZ (AAMICH)
2. MCA aneurysm Y5 (M2LH)
3. PCOM, Anterior choroidal artery Ol 2l (FLtTH)
aneurysm
4. CEA F3E (BE)

5. STA-MCA bypass Hfold (PHE2Uch)
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1. ACOM, Distal ACA aneurysm

MES

ST
AMCHEtw 2| TSt MEZEAE Y P elaf

The anterior communicating artery (Acom) region is one of the most common sites for
ruptured intracranial aneurysms. When performing microsurgical clipping of the Acom
aneurysms, it should be concerned that the Acom aneurysms are made complex by the
frequently associated variants of anatomy and the difficulties in fully visualizing the major
arterial trunks and perforating arteries. Cerebrovascular surgeons should be aware of
microsurgical orientation, such as the dominancy of A1 segments, the direction in which
the fundus points, main parent arteries with their branches, and surrounding structures, to
perform microsurgical clipping safely. In addition, surgically challenging characteristics of the
Acom aneurysms are their bilateral antegrade arterial supply, their deep & midline location,

and their intimate relationship to 11 critical arteries.

The most common aneurysm site on the distal anterior cerebral artery (DACA) is at the level of
origin of the callosomarginal artery from the pericallosal artery, usually in close proximity to
the anterior part of the corpus callosum, near the point of greatest angulation of the artery
at the genu. The reasons why those aneurysms are treated microsurgically are their peripheral
location, small size, unfavorable neck-to-parent artery ratio, and tendency to “blow out” the
bifurcation at which they occur. The amount of brain retraction and muscle dissection needed

to clip these lesions is comparatively minimal relative to other aneurysms.

Here, we discuss surgical adjuncts, choice of the side or location of the craniotomy, head
position, sylvian or interhemispheric fissure dissection, microsurgical anatomy under
microscope, identification of the anatomical structures, and clip selection by showing the
operative video.
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Workshop by Video for beginner ; MCA aneurysm Preo o] rative Evalution
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. Department of Neurosurgery of

Reference : by Pf. In Sung Park
Seoul National University Bundang Hospital
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Seven Aneurysms

Tenets and Techniques for Clipping
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Reference : by Pf. In Sung Park
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Relation of Sphenoid ridge

Reference : by Pf. In Sung Park
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Dr. Lawton
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Fig. 2. The size of the craniotomy is absolutely sufficient to
reach the whole anterior part of the circle of Willis, sellar, su-
prasellar legion and also the anterior part of the basilar artery
if it is located superiorly from the posterior clinoid process.

Fig. 2.3 Subarachnoid cistens around the circle of Wil-
lis, as viewed from above the brain, which has been sliced
axlally. The relationship between aneurysms in the circle
of Willis and their associated cisterns is shown.

Transverse Section of the Basal Cistarn, Superior View

Tomporal
fobo:

Fg.19.3 Anatomic triangles providing access to the basilar
bifurcation: 1, opticcarotid triangle; 2, carotid-oculomotor tri-
angle; and 3, supracarotid triangle, The carotid-oculomoty
triangle is the one used most commonly for basilar bifurca-
tion aneurysms, Tent., tentorium.

surgical acatoeny of the middle cereds
(A) 30 superior (B) views show
MCA segments: M1, sphenoidal segment; M2, i

Anatomy

of MCA

. Titureation

F Dupticated weA G Accossary MCA

Fig. 15.2 ocal variations of middle cesebeal artery anatory,  orbioliontal artery, operculafrontal atery, and cens
(AYMCA bifcation,exual trurks, (B) WCA biurcation, nfeor trunk — posterior branches irclude the posterior paets o
dorminant. (€) MCA bifurcation, suparior (D) MCA. tery and po porl reries A+, T, i
tifrcation. (€) MCA quadrfurcation. () Duplicated M1 MCA seg-  truni: MY, midde trnk, iferior MTs, mécle tumk. supericr
et (G) Accessory M1 MCA segment. Anterior branches include the  recument artery of Heubner.
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Syivian v.

Fig. 15.3 Normal variations of the superficial sylvi
vein anatomy (right side). (A) Absence of superficial 5
vian veins. (B) Single superficial sylvian vein. (C) Parall
superficial sylvian veins, (D) Complex network of supd
ficial sylvian veins.

D. Complex of Veins.

C. Parallel Veins.

Fig. 15.7 Dissection steps in splitting the sylvian
fissure (arteries and deep dissection). Step 3, fo-
lowing the cortical MCA branches to the opercular
MCA branches; step 4, following the opercular MCA
branches to the insular MCA branches.

Interdigitations
Approach Agproach
Syhian vein (SV)
Fig. 15.6 Subarachnoid dissection during the sylvian fis = v g
M Sytvian cistem rogresses from the distal sylvian cistern and it ~ /f’ = v
Cavotid cistem horizontal cortical arachnoid, to the proximal sylvian cis e )
labe [ Frontal lobe
e tem and its vertical sphenoidal arachnoid. Opening the . { Tomporsl SR e ke
sylvian cistern leads ta the carotid and lamina terminalis|
cisterns more medially.
Mcxj mj
A. Atrophic Fissure B. Apposed Flssure
Approach Approach
g V/ o
[ [
s ]
f
Temporal lobe |\ Frontal lobe
/ L Fig. 158 Types of sylvian fissures. (A) Atrophic fissures
I ot Terpera ba in older patients are wide open with minimal contact
L / between the frontal and temporal lobes. (B) Apposed
y fissures are more common with large areas of contact be
7 N tween the frontal and temporal lobes. Interdigitated fis-
\ 5 \ sures, either frontakherniating (C) or temporakherniating
MEA MCA 1 (D). are tightly apposed with contoured areas of con-
en lidcios of Wikt 5 d ZR e iz the angle of approach must follow this rolling

ig. 15.9  Dissection steps in splitting the sylvian fissur

o e (inside the n cistern). Arteries branch temporally o
(&) Actery may adners | frontally, but never to both lobes. Consequently, arterie
ST lobe | in the sylvian fissure move to one side or the other. Somy

(B) rtory may brage | es lie on the opposite lobe (B). A temparal artery
syl

an s i
-5 to the frontal lobe bridges the fissure and i

adhering to difterent L es o ridg .
Joba than I suppies. mobilized temporally. Branch arteries are traced from
their origin to their final destination to interpret and un)

ly.

| Temporal
lobe

scrambl

Fig. 15.12 MCA aneurysm dissection strategy.
proximal-to-distal dissection. Step 1, dissecting the
supraclinaid ICA; step 2, dissecting the A1 ACA;
step 3. identifying the AChA laterally and dissect-
ing the praximal M1 segment; step 4. gaining prox
imal control; step 5, shifting to the distal sylviar
fissure and following the superior trunk {outer sur-
face); step 6, following the superior trunk (inne
surface)); step 7, follo
surface); step B, dis
spat).

ximal-to-Distal MCA Aneurysm Dissection
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Temporal
Iobe

Fig.15.13 Simple clipping technique for MCA aneuryems with a right
angled dlip.

A. Hand Adjustments During Clip Application

line and the sight line is needed to visualize the blades on
the aneurysm neck (Fig. 6.1B). The appliers' line is often
fixed by the aneurysm anatomy, which requires shifting the
microscope to offset the sight line. Clip application should
not proceed without complete visualization.

A. Hand Adjustmants During Clip Application

Roll =

Fig. 6.1 (A) Clip application requires adjusting the yaw, pitch, and
roll of the clip. Pitch refers to the slope of the clip appliers; yaw refers
to the side-to-side rotation of the clip appliers about a vertical axis;
and roll refers to the side-to-side rotation of the clip appliers about the
instrument’s axis. (B) Permanent clip application demands complete
visualization of the aneurysm neck, both clip blades, and adjacent

Fig. 6.1 (A) Clip application requires adjusting the yaw, pitch, and
rall of the clip, Pitch refers to the slope of the clip spplers; yaw refers
to the side-to-side rotation of the clip appliers about a vertical axis;
and roll refers to the side-to-side rotation of the clip appliers about the
instrument’s axis. (B) Permanent clip application demands complete
visualization of the aneurysm neck. both clip blades, and adjacent

Tandem Clipping

A. Understacked Closing Clip

A. Simpla Clipping . Multiple Cipping,

Stacked Clips.

B. Multiple Clipping,
Intersacting Clips

D. Multi
Ovarlapping Ciips

Tandem Angled Fenestrated Glipping

A. Tandem Glipping

Fig. 6.2 Basic clipping techniques. (A) Simple clipping with a single cip. (B) Multiple clipping with intersecting clips. (C) Multiple clipping with
parallel stacked clips, (D) Multiple clipping with an overlapping fenestrated clip closing the posterior lobe of aneurysm

Fig. 64 Tandem angled fenestrated clipping. (A) Tandem angled
fenestrated clipping with right-angled fenestrated clips placed heel to
toe, all in the same direction. (B) Counterclipping with facing right-

B. Overstacked Closing Glip

B. Counterclipping [Facing)

0|00, F/58, Lt. MCABF UIA

Line of sight ( = Sight line)

B. Line of Site

A5 1
Appliorisuction Suctioniapgie
Line of sight

anatomy. A line of sight s established that brings these together in
one panoramic view. The working the clip appliers must be 15
ta 30 degrees off of the sight : to preserve the
view, The appliers’ line s often fixed by a anatomy, which
requires shifting the microscope to offset the sight line.

C. Tandem Clipping with Stacked Boostar Clip

Fg.6.3 _Tandem clipping techniques. (A) Tandem clipping with an understacked closing cip. (B) Tandem clipping with an overstacked closing
e clip. (€) Tandem clipping with an averstacked dosing clip and a stacked fenestrated booster clip to reinforce the closure at the distal neck.

C. Counterclipping (Cross-Wise)

angled fenestrated clips placed toe to toe (facing). (C) Counterclip-
ping with crossing right-angled fenestrated clips placed heel to heel
(cross-wise).
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Priinciple of Arachnoid dissection

3 basic maneuver with 3 simple instruments
1) Cutting with microscissor

2) Spreading with bipolar forcep

3) Probing with a slightly curved dissector
(Rhoton No. 6 dissector; Codman; Raynham, MA)

200, M/57, Rt. MCABF UIA

ﬁﬁs‘ﬁm ‘Seoul National University College of Meditine
it il 1L Seoul National University ospital
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Coping with crisis during clipping

Aneurysmal dome laceration
- Try proximal control!
- Try tentative clipping!
- Try temporary trapping!

Aneurysmal neck laceration
- Clipping with Tachocom®/Bemsheet®!
- Clipping after direct suture!
- Trapping and then do bypass suregry!

=00, FI76, Ruptured Lt. MCABF An, dome laceration, =00, FI76, Ruptured Lt. MCABF An, dome laceration,
: tentative clipping -> temporary trapping : tentative clipping -> temporary trapping

+00, M/58, Ruptured Rt. MCABF An, dome laceration, _ Conclusion
: tentative clipping -> permanent clipping : Surgical managementment of MCA aneurysm

Routine pterional craniotomy, especially to beginners!

Sylvian dissection with calm mind

- protection of important v. is very important!
- long-time retraction must be avoided!

- M1 perforators must be saved!

latrogenic stenosis by clipping must be considered, especially in
atherosclerosis.
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Workshop by Video for Beginner (Surgical Anatomy and Basic Technique)

3. PCOM, Anterior choroidal artery aneurysm

TN LT RN
Post. Communicating Artery
+  Origin
Post. Communicating Artery Aneurysm Posteromedial aspect of the ICA
halfway between the ophthalmic artery & the bifurcation
& Ant. Choroidal Artery Aneurysm - Course
Run medially & posteriorly above & medial to the 3 n.
SEAFEL A} & T e
FAHE Ak s g Normal type(54%): >1mm, < P1
O] ’ﬂ' ‘ﬂ Hypoplastic type(24%): < Tmm
Fetal type(18%): > P1
+  Anterior thalamo-perforating artery
47 DEPARTMENT OF NEUROSURGERY
PAULE b jsAN NATIONAL UNIVERSITY YANGSAN HOSPITAL Average of eight (4 to 14) perforating branches
Premamillary Artery (Tuberothalamic Artery) Premamillary Artery (Tuberothalamic Artery)
The largest branch and commonly originates at the middle of the PCoA. By
Hypathalamus

Enters the floor of the third ventricle between the mammillary bodies and VanieaNAnicior nlsmd
Optic tract
the optic tract Posterior limb of the intarnal capsule

Posteriar perforated substance

Subthalamic nucleus

Supply:
Symptom
posterior hypothalamus Language and memory disturbances
Conlralateral moior weakness
ventral thalamus Changesin the superficial sensation
Apathy
post. limb of internal capsule Lack of spontanity

Disorientation
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Ant. Choroidal Artery

+ Origin

Posterior wall of the ICA

Between P-com and ICA bifurcation

Commonly single artery(70%) (infrequently two or more)
+ Course

posteromedial direction behind the ICA

passes below or along the medial side of the optic tract

It enters the crural cistern (between the cerebral peduncle and uncus),
and then it passes through the choroidal fissure into the choroid plexus

within the tempaoral horn.

Ant. Choroidal Artery

Segments
+ Cisternal segment : extends from its origin until the choroidal fissure
+ Plexal point
+ Intraventricular segment : After entering the choroidal fissure
Anastomoses with branches of the medial posterior choroidal artery
Vascular territory
+ Cisternal segment
Optic tract
Lateral geniculate nucleus and lateral aspect of thalamus
Posterior limb of the internal capsule
Lateral aspect of the midbrain

+ Intraventricular(choroidal) segment

Choroid plexus of the lateral ventricle(temporal horns) . n

=

t I

Ty =i
.
S

Avtetea
enorsdil s

Poaseror
consbeal ey

Coranal

PComA Aneurysm

Pterional craniotomy
Sylvian fissure open and distal neck dissection, identification of AchoA
Identification of PComA

Proximal control (tent. Incision, ACP removal, cervical ICA, retrograde suction

decompression)

Proximal neck dissection

Clipping (straight clip, bayonet clip, curved clip, fenestrated clip)
AChoA, PComA, perforators, 3 nerve

Ruptured aneurysm : avoid medial temporal lobe retraction

AERSITE AN

o
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Dome Projection of PComA Aneurysm

Anterolateral
Superolateral
Posterolateral superior : (supratentorial) :temporal lobe

Posterolateral inferior : (infratentorial) : 3 n

Posteromedial inferior : inferior wall aneurysms.

SN MATONAL LAVERHT YANISA EARTAL

AChoA Aneurysm

Pterional craniotomy

Sylvian fissure opening

Identification of PComA & proximal control
Identification of ICA bifurcation
Identification of AChoA

Neck dissection

Clip application

SN MATONAL LAVERHT YANISA EARTAL

Summary

* Pterional transsylvian approach

« Avoid medial temporal retraction in laterally & superiorly projecting
aneurysm (ruptured)

« Identify & preserve PComA, AChoA, Perforators, 3 nerve
+ Avoid long clip

= MEP monitoring & ICG videoangiogrphy (AChoA aneurysm)

* PComA An: ACP removal, Cervical ICA dissection, Retrograde suction
decompression

« Subpial resection of temporal lobe (uncus)

Thank You for Your Attention !




Op. indication

Carotid Endarterectomy
» Symptomatic carotid stenosis (2 weeks of the last symptom)

70% to 99% in patients with a lif ctancy of at lea
+ perioperative risk <6%

« Symptomatic carotid stenosis
50% to 69% with the e
men : no benefit from CEA and should probably be managed medically

» Asymptomatic patients
between the ages of 40 and 79 years with greater than 60% stenosis

Sung-Pil Joo, Han-Young Han, Tae-Wook Song, Yoo-Sub Kim, Tae-Sun Kim o signnﬁoﬁn{comarbid conditions lha1t_ Eﬂiﬁfﬁi ;:?:&ZT?:?;I’? risk or result in a life
DEPARTMENT OF NEUROSURGERY, The benefit to ia
CHONNAM NATIONAL UNIVERSITY, GWANGJU, KOREA

0 Carotid wall images General vs Local

Disadvantages
Static images - CTA, MRI
Dynamic images - Contrast enhanced US

Fluroscein sodium VA
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i) Collaterals = Monitoring

— of Willi's :
&« Op duration
* Shunt(-/+)

; Transcranial doppler

EEG

SSEP/MEP

Stump pressure

Oxygen Monitoring -
- SOMA(oxygen monitoring)
- NIRS (Near-Infrared Spectroscopy )

Monitoring - IOM(SSEP/MEP) Stump pressure

v "
+ Pressure distal to carotid

* Represents pressure transmitted
from contralateral side via the
circle of willis

+ Cerebral ischemia rarely occurs

at stump pressure
above 60 mmHg

NIRS (near-infrared spectroscopy)

SOMA(oxygen monitoring)
N |
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Incision Ny

*» Change the pattern of suture ( interlocking suture)

1. Wound hematoma 2 Marginal suture with muscle string, 2-3 min necessary.

2. Post-CEA cerebral infarction * Postoperative BP control and check the PT and APTT

3. Hyper-perfusion syndrome
» Aggressive treatment of wound hematoma
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High-risk Features for CEA

1. Short op time Anatomic Comorbid Conditions

Restenosis after endarterectomy Unstable angina

+ Left ventricular ejection fraction <30%
Bilateral stenosis
2. Shunt Congestive heart failure

Contralateral carotid occlusion, laryngeal nerve palsy Planned coronary artery bypass

or valve replacement
2 Previous radiation therapy or surgery on the neck . Renal fail
3. early ECA opening i
Lesion inaccessible by surgery + Chronic obstructive pulmonary disease
Neck immobility + Coronary artery disease with 270% stenosis
4. pre-OP angiographic evaluation + Planned peripheral vascular surgery

Tracheostomy or tracheostoma . ) .
+ Myocardial infarction within 6 weeks

of the procedure

Age older than 80 years

Severe intracranial stenosis
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= Position and anesthesia

= Flap design

= Donor vessel harvest and preparation
= Craniotomy

= Recipient selection and preparation

= Anastomosis

= Closure

=_Some tips for beginners

JtEEisin

= General anesthesia with inhalation ori.v. = Working under CSF
anesthetics = Minimal brain shifting

= Avoiding hypotension, hyperventilation = Difficulty in handling nylon

= Supine position without pinning = Unclear Operation field

= Head rotation




Natural (Tilting)

= Clear operation field
= Comfortable in handling nylon
= More brain shift

= Dry up : Thrombogenic risk

Flap design

= Depends on operation strategy and STA status

Donor vessel harvest and preparation

Flap design

= Depends on operation strategy and STA status

Location of STA

Atraumatic dissection of STA
with preserved perivascular soft
tissue

Complete hemostasis with
microbipolar coagulator

= Temporary occlusion —just \
distal to bifurcation, complete ~f
secure

= Trimming distal tip without
intimal dissection

=, _—Middle temporal a.

Temporalis m. fascia

Loose areolar tissue
Superfical temporal a. & v.

i
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Workshop by Video for Beginner (Surgical Anatomy and Basic Technique)

Donor vessel harvest and preparation Craniotomy

= Depends on the purpose of surgery
= Single vessel direct anastomosis —Chater’ s point

= Double vessel direct anastomosis — along sylvian
cistern

= Moyamoya disease : as wide as possible

Recipient selection and preparation

= Location : cortical M4

= Size : more than 2 mm (0.7 -0.8 mm)

= Shape : no atherosclerotic change

= Morphologic consideration :Red >> gray

» Hemodynamic consideration
= Flow direction: antegrade vs retrograde
= Flow amount

= Dominancy consideration

Recipient preparation

= Cauterization and cutting of small branch
= Apply rubber dam under the vessel

= Continuous suction or natural drain of CSF
= Papaverine for constracted vessel




Anastomosis

= Temporary clipping of recipient vessel,
complete secure

= Make small hole and extend — avoid intimal
dissection

= Linear incision along vessel axis, twice longer
than vessel diameter

= Same incision length : donor/recipient

= Frequent heparin saline irrigation

= Avoid intimal injury during suture by forcep

Closure

= Dura, Muscle, Bone :
make a room for the
vessel

= Skin : avoid tension

= Dressing : avoid
compression

Some useful tips

Anastomosis

= First stitch : heel or toe

= Running or interrupted suture

= Even stitch interval

= Avoid dog ear

= Avoid inversion of adventitia

= Temporary opening of occluded vessel before
final tie

= Flow confirmation with doppler

Some useful tips

= JEe FMA ZARLIC

* You Tube : sta-mca, 2 < 4
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1. VSP, Basic research update HFSE (12{ch)
2. Intervention for VSP USE (BIHPYER)

3. Medical complication & treatment RS (OHHCH)
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1. VSP, Basic research update

Delayed cerebral vasospasm has long been recognized as an important cause of poor outcome
after an otherwise successful treatment of a ruptured intracranial aneurysm, but it remains a
pathophysiological enigma despite intensive research for more than half a century. Cerebral
vasospasm has traditionally been regarded as an important cause of delayed cerebral ischemia
(DCI) which occurs after aneurysmal subarachnoid hemorrhage, and often leads to cerebral
infarction and poor neurological outcome. However, data from recent studies argue against
a pure focus on vasospasm as the cause of delayed ischemic complications. Findings that
marked reduction in the incidence of vasospasm does not translate to a reduction in DCI, or
better outcomes has intensified research into other possible mechanisms which may promote
ischemic complications. Early brain injury and cell death, blood-brain barrier disruption
and initiation of an inflammatory cascade, microvascular spasm, microthrombosis, cortical
spreading depolarizations and failure of cerebral autoregulation, have all been implicated
in the pathophysiology of DCI. Summarized in this presentation are highlights of research
reflecting recent advances in the understanding of delayed ischemic deficit. It will focus on

current accepted mechanisms and on new frontiers in vasospasm research.
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2. Intervention for VSP

104



3. Medical complication & treatment
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Scientific Session lll: SAH, Vasospasm

i E20p A2e|0f LEEFEC,

-

22 HHOILL RIFYON LHpe] HFO| %

6) MEH

OoF
=

SHA|

pa k=]

=3
=

7t Lty obe

of o=

=]
L

O CtA| 2OfL}7|

==
=g

SEROIA
O[LHOl =

=
-

oj0] & =40 &

O] LO{ttet.

|

=2
=

=
=

S 2 50%0AM 67H

of &

I.

13¢ 2

d

A 2427 O|Lf0ll 7HE =10(41%), H

=
-

15% J=Y Zasoh A 2532 HEE2 1950|Ct

s

HEAHS
e

HRE2 HEHER £ J|sE HoloAHL FIHL L

o] MHn LIEEES

ol

=
[=H

50| LIEILIH, ZEtES| HigtE 2EE|

5y &

Of E[AHLt A

ol

™~
Klo

jol

o

)

to| +=E0| 2o|H 0]

ﬂ
o

=0[M= otF 2ol ZA|

ojn

of A= M =[BH2l 9

W =<

Al X1
=2 2

0 MEYLOILt &

ol o
RA—

HE7H M B2

bz sixtol 30%01A4 XY

EE

| -
=

F=0M EO|

Et
=

8) Chkl

| AtSZEO0[L Of 4t

olg| aelez Qg O|xtH L4l



Ct.

Ct. 150ml2]

P

pd
Fj\_% HO

<
[=]
[

I
2

.
o

o= WE

=

.

A7F 2

[=]

=
15mmHgOl &2l Z215%0M

S E
T =

FHEUEL S7H7t
=

Ol 30mmHgO|

Fo gt of

Q
(=)

20mmHgO0| &

15mmHg O[5t2| &P 80% O|&0A

f T o Koo R&r ST Ko mE BUoT JJ = oo o uo
oF o Bl 0 RO R0 cu ol B H ol of T Bl KO &l
= of K F BU RO GO o FH A o= oy S B W o
_ Bl _ . < . .o B —
< oH o T S #o = Ko T w®™ © oy _._m_ ok ol IHl
om E 3 K H @ E a0 o ook BOK W oy
H o & ok ROy IR omy O 3B )
SN W & — oo oy 30 K 5 U ¢ 8 _
R ) of o q % m UF %S _ X K
do M Jo B L L I I LT s o 7
= NI = N | 2
—_— eI S = H o @ g 0
ol gl H s A of & ol oo od M o oz W BT
= s = L. %0 z ol = = OF
orl - @ - 0 H 00 5 = wE = — o T
K = D ik ro W = o z O or = OoH I
& o L R B KoK+ oo . 2
10 ]l 0] —~ w = 3 Tl 10 U B K K - 31 = I O gu
b 0 ol KO o O b ol RO L =
ol & ol 5t 4 o oF T d O -
ke oo T s M N g R oz 3
K o W = Lz o0 = ¥ 5 5 5 T 5 d
~ U Kl of o o o ° 5 K B g N
m_ 0 KO = E e gt o g | i o © @ m_. ;< s Ol Jjo -
K - . T L - L =
S ¥ a of o BB WKW R = 08 N o
oS w i O =) o= - o
= & & % ol & 4 - - bz 3 m
(o] a = - - = o~ . —
il =] =) Ho = ©OF @ o 1 T K _.m“_ s} o H & &
{0 H ) a4 :.I ol — =l 2 ol = .
wroR o~ ot ool W 90U 4 B R oy ® o) kO A
m B sl S ooy o ™ R
T . =
ou % R N Woo ™ W I R
5 R - R KoM X g I g o
o ¥ W — - mT zy of ® 0 o© = Bl m H W ~ ol Ro
- KX R0 Bl Oimm_f - Ko Bl o ol
ol - e #H T ol S fh 5 2 g ro Klo of oo
fo = oo~ 0 o @ LSS g~ o B @ i
=Y T2 T kB 8% ™ g ooz ou 0
o 5 RN N Wz
ol W . 00 . RE B3 T o= g & ol h_.rc/ln 3l Y 7 ~n g K
= i = Y o B g5 n T < = T o X
~0 ol &0 ol w1 B ~ ol T e o o =0 ol oF &
- T mH_ il .AT —_ H [ i x._o el - K
= Ko 2o E o U o S ol H ok w P g
b = = ol %0 20 ~ g : =
T. .Mw; n ) (e e o <0 wo a1 m..a T mm uk ST mﬁl__ ~ = o
o T JJI_H o m E.“ 4 o ER W ._h._ UE  H _— Ko oF =0
o F ap U T H of W K E - P4 ®moF — —
HE & o 00 WMo g g M__” d4 woF I3 E o & 2
— = oel - 7 8 = N il o o 2
U ol W oA ™y F oW D = = T I I
o & M ® OB ol kU m  H O~ we nE T ol S H @ oW @

g ol

—

[

a7t LofLt

pre
il

oLt =[E

—
=

o

e
Q
=

5) L|CHA}



Scientific Session lll: SAH, Vasospasm
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# 35-2. Hunt-Hess Grading System

Category Critenia

I Asymptomatic, or minimal headache and slight nuchal rigidity

n Moderate to severe headache  nuchal rigidity, no neurological deficit other than cranial
nerve palsy

m Drowsiness | confusion or mild focal deficit

v Stupor, moderate to severe hemiparesis  possibly early decerebrate nigidity and vegetative
disturbance

v Deep coma, decerebrate rigidity  moribund appearance

3 35-3. WFNS Grading system

Grade GCS score focal defiat
I 15 Absent
I 13~14 Absent
m 13~14 Present
w T~12 Present or Absent
v 3-6 Present or Absent

WFNS: World Federation of Neurological Surgeons, GCS: Glasgow coma scale

H 35-4. Fisher scale & modified Fisher scale (radiological scales for the estimation of delayed ischemia in aneurysmal SAH)

Grade Fisher Scale Modified Fisher Scale
0 - No SAHor IVH
1 No SAH or IVH Minimal/thin SAH  no IVH in both lateral ventricles

2 Diffuse, thin SAH | no clot > 1 mm in thickness Minimal/thin SAH with IVH in both lateral ventricles

Thick layer of SAH of localized subarachnoid clot

> 1 mm in thickness Thick SAH, no IVH in both lateral ventricles

Predominant IVH or intracerebral hemorrhage

4 ithout thick SAH Thick SAH with IVH in both lateral ventricles

IVH! intraventricular hemorrhage. SAH: subarachnoid hemorrhage
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¢. Pharmacological management

Calcium-channel blockade with nimodipine is given to all patients.
The role of oral nimodipine in the prevention or treatment of delayed ischemic events
little effect on the incidence and severity of angiographic vasospasm.

Anti-ischemic effects of nimodipine and nicardipine may occur by inhibiting calcium entry into
smooth muscle cells and vasoactive substance release from platelets and endothelial cells. In
addition, calcium antagonists may favor the development of collateral circulation. They also
may be neuroprotective.

Nimodipine, administered orally at a dose of 60 mg every 4 h and maintained for 3 weeks,
usually is well tolerated, even if its use might be associated with systemic hypotension
especially when intravenously administered.

Other pharmacological management - Lake of evidenced base
1. Magnesium

based on its action as a noncompetitive calcium antagonist via binding to voltage-dependent
calcium channels

SAH hypomagnesemia occurs in more than 50% of the patients,
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investigated as a possible neuroprotective agent

several preclinical studies have demonstrated that magnesium can provide vasodilation by
inhibiting the cellular calcium influx, inhibiting vascular smooth muscle contraction, and
decreasing glutamate release.

*current recommendation is to administer magnesium as necessary to prevent
hypomagnesium in SAH-affected patients.

2. Statins

Cerebral arterial blood vessel tone is balanced by vasoconstrictor and dilator systems designed
to achieve equilibrium

n physiological conditions, there is a balance between vasodilator and constrictor mechanisms in
the control of the cerebrovascular tone. It has been suggested that statins upregulate endothelial
nitric oxide synthase and the availability of endogenous nitric oxide by inhibition of 3-hydroxy-3-
methylglutaryl coenzyme A reductase. By this mechanism, statins would correct the imbalance
between the nitric oxide and endothelin pathways, which is believed to be a main contributor to
the pathophysiology of cerebral vasospasm.

neuroprotective action by decreasing the glutamate-mediated excitotoxicity, reducing the
production of reactive oxygen species, and modulating the inflammatory response

phase Il randomized, double-blind, placebo-controlled study did not show significant differences
in the outcome between simvastatin and placebo-treated patients.

3. Endothelin receptor antagonists
found to be effective in reducing the incidence of vasospasm
clazosentan produced dose-dependent reductions in angiographic vasospasm.

in the CONSCIOUS-2 study, poor functional outcomes occurred more frequently in the
clazosentan-treated patients, whereas the mortality between the groups was the same.
Furthermore, the occurrence of adverse events in the clazosentan group (i.e., pulmonary edema,
hypotension, cerebrovascular spasm, pleural effusion, and cerebral infarction) halted the study
and prevented the CONSCIOUS-3 to be further continued.

4. Tirilizad

Tirilizad is a nonglucocorticoid 21-aminosteroid that functions as a free radical scavenger by
inhibiting lipid peroxidation. This antioxidant effect is believed to provide neuroprotection also
during SAH.

reduce angiographic vasospasm following SAH.

Although it has been shown to reduce the frequency of secondary symptomatic vasospasm in
patients with aneurysmal SAH, its role in the incidence of cerebral infarction as the result of
symptomatic vasospasm still remains unresolved. Tirilizad can be administered without risk of
cardiovascular and mental adverse effects. The most common adverse event of tirilizad reported
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was phlebitis.
5. Erythropoietin

a 165 amino acid (~30 kDa) glycoprotein, member of the type | cytokine superfamily, which
regulates the differentiation and proliferation of immature erythroid cells.

rythropoietin mediates neuroprotective effects by different mechanisms of action including
maintaining normal vascular autoregulation

As a result, although no differences were demonstrated in the incidence of vasospasm and
adverse events between the two groups, patients receiving erythropoietin had a decreased
incidence of severe vasospasm, reduced DIDs, a shortened duration of impaired autoregulation,
and more favorable outcome at discharge.

Potential adverse effects, however, should be considered. Several lines of evidence suggest that
chronic erythropoietin administration can produce hypertension, hypertensive encephalopathy,
accelerated atherosclerosis, seizures, and thrombotic/vascular events. acute ST-segment
elevation myocardial infarction (STEMI) was associated with higher rates of adverse
cardiovascular events among older patients.

the dosage used in the clinical sefting is the lowest dose considered to be effective following
SAH

6. Glyburide
oral anti-diabetic drug that has recently shown neuroprotective properties.

glyburide can act through the inhibition of SUR1, a membrane protein that co-associates with
heterologous pore-forming subunits to form ion channels.

Opening of SUR1-Trpm4 channels is associated with excess influx of Na+, which is
accompanied by influx of Cl- and H,O, resulting in cytotoxic edema or cell death.

Recently, patients with type 2 diabetes affected by ischemic stroke and taking a sulfonylurea
drug for glycemic control presented with significantly fewer deaths and a significantly lower rate
of symptomatic hemorrhagic transformation. These findings have been recently confirmed by the
preliminary results of a multicenter, randomized, double-blind, phase |l trial that examined the
efficacy of glyburide in the prevention of malignant edema in severe anterior circulation ischemic
stroke
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Table 1 Intensive care unit management of aneurysmal subarachnoid hemorrhage

Complication

Therapeutic measures

Before aneurysm treatment
Hydrocephalus
Aneurysmal rebleeding

Increased intracranial pressure

Neurogenic stunned myocardium

Neurogenic pulmonary edema
After aneurysm treatment

Delayed cerebral ischemia

Vasospasm

Place external ventricular or lumbar drain

Early aneurysm repair

Tranexamic acid 1 g intravenously every 6 h not exceeding 48 to 72 h

Elevate head of bed to 30°

Control fever and agitation

Short-term hyperventilation

Osmotherapy (20% mannitol, hypertonic saline)

Surgical evacuation/decompression for lesions with mass effect and clinical deterioration
B blockers

Increase level of positive end-expiratory pressure

Nimodipine 60 mg every 4 h
Maintain euvolemia with crystalloids or colloids

If symptomatic, induce hypertension with phenylephrine, norepinephrine, or dopamine

If refractory, provide endovascular treatment (transluminal angioplasty or intra-arterial vasodilators)
Hyponatremia Strict avoidance of free water
Hydration with hypertonic saline solutions (1.5% or 3%)

Fludrocortisone acetate up to 0.2 mg twice daily

Hyperglycemia Use insulin to maintain normoglycemia (5.6-10 mmol/L)
Fever Maintain normothermia with acetaminophen, cooling blankets, or surface cooling devices
g1 23

1. =3 okt 2o chap. 29,3537

2. Subarachnoid hemorrhage (SAH) following a ruptured intracranial aneurysm accounts

for approximately 5% of the strokes. Surgical Neurology International 2017, 8:11

3. ICU Care management of aneurysmal SAH Curr Neurol Neurosci Rep (2012) 12:1-9
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