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ANEURYSM

- pathologic focal blood vessel dilatatifirat. aneurysma dilatation).
{ aneurysm is prone to rupture.
1 some lie entirely within subarachnoid space; others are buried in brain substance.

ETIOPATHOPHYSIOLOGY , PATHOLOGY

FALSE aneurysins (s. pseudoaneurysms)) encapsulation of perivascular hematoma cavities
thatlack any components of vessel wall, but communicate with vessel lwanaty;is lined by blood
clot (periadventitial hematoma is seen on imaging).
1 caused by (most commonlypseudoaneurysm grows in hours
or (rare).
N.B. intracerebral hematoma may harbor and obscure traumatic aneurysm
angiography is diagnostic pratgre of choice (esp. indicated for penetrating head
injuries!; absolutely indicated in all stab wounds to head)

TRUE aneurysmsi dilatations of vascular lumen causedvioyakness of vessel walat least
adventitia is present in aneurysm wall)

1. Saccular(fiberry d) aneurysms(> 90%)i roundedoutpouchings(i.e. neck with dome)
1 why intracranial arteries are susceptible to aneurysm development:
1) walls lack external elastic lamina
2) very thin adventitia
3) lie unsupported in subarachnoid space
1 sac is composed of onigtima andadventitia;

i mediaends at junction of aneurysm neck with parent vessel.

I intimais typically normalor thickened hyalinize¢subintimal cellular proliferation is
common).

i internal elastic membranis reduced or absent (normal internal elastic membrane can
withstand pressures over 600 mmHg without mgg as long as membrane remains
intact, defects in media areconsequential).

i hemosideridadenleukocytesnay infiltrateadventitia

1 sac lumen often contains thrombotic debris.
1 atherosclerotic changes in parent vessel are common.

1 etiology.

1) developmental (congenital} focal defects in medigpresent at birth)pver period of
years arterial pressure balloons out vessel {ivallaneurysmis "congenital” in sense
that defect in arterial wall is present from birth, but acamurysm developsver years
after birth).

| Familial inheritance pattern has been noted in < 2% of intracranial aneutysms

i congenitaimediadefects in vessels of circle of Willis are found in 80% normal
vessels at autopsy

i congenital abnormalitiee.g. fenestrations of vertebrobasilar junction, persistent
trigeminal arteriesvessel asymmetry / hypoplas@arctation of aorjancrease
incidence of saccular aneurysms.

T AUTOSOMAL DOMINANT POLYCYSTIC KIDNEY DISEASE(ADPKD) - most common

genetic abnormality associated with multiple intracranial aneurysms (present in &
40% ADPKD patientsprevalence of aneurysms igald vs. in general
population) - al patients should undergo screenMiA.
T chromosomal lociassociated with intracranial aneurysm:
8( - likely acts via SOX17 (formation and maintenance of endothelial cell)
9p - likely acts via CDKN2A (may have similar role to SOX17).

2) hemodynamically induced degenerative vascular injury hemodynamic shear
stressegesp. at bifurcation points) cause occurrence, growth, thrombosis, and rupture
aneurysms.

N.B. apex of vessel bifurcation is site of maximum hemodynamic stress!

3) high flow-related (caused byigh-flow state} 1 aneurysms occualongPROXIMAL* and
DISTAL** vesselsfeeding
*do not increase risk of hemorrhage
** thin-walled intranidal aneurysms exposed to arterial pressure
likely site for AVM hemorrhagéi.e. AVMs that bleed often
have intranidal aneurysms)

4) traumatic (< 1% all aneurysms)caused by

5) oncotic- direct (e.g. meningiomadr implantation of i
(e.g. left atrial myxoma, choriocarcinom#) v e s s e | wal | infil tr
*metastatic implants often involve peripheral cerebral vessels at
gray-white junction

6) vasculopathy/ vasculitis-related - fibromuscular dysplasj@onnective tissue disorders
(SLE*, Marfan, EhlersDanlos OslerWeberRendu syndromes, pseudoxanthoma
elasticum,Takayasu arteritis).

*aneurysms can be saccular, fusiform, or bizésoking mixture
of both.


http://www.neurosurgeryresident.net/TrH.%20Head%20trauma/TrH1.%20Head%20Injury%20(GENERAL).pdf#Traumatic_aneurysms
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7) drug-related: COCAINE HEROIN EPHEDRINE METHAMPHETAMINEI caninducecerebral
vasculitis- necrotizing angiitis(histologically similar to periarteritis nodosa) with focal
arterial ectasias

2. Fusiform (s. dolichoectatic)aneurysms(no identifiable neck):

1) atherosclerdic (7% all aneurysms)u nusual form of atheros
arterial stretching and elongation that may extend over considerable (eraytihave
serpentine, giant, bizarre shapes).

1 occur in older patients.

1 affectPROXIMAL arteries {ertebrobasilar systeims commonly affected

1 perforating branches often arise from entire length of aneurysm.

{1 intraluminal clots are commanY occl usi on of small os;
infarcts).

1 bleed rarelymass effects are much more common).

2) myecotic (infectious)(0.5-3% all aneurysms)any aneurysm resulting from

that involves (destroys) arterial wall

a) septic embolug¢ e . g . | V dr ug abus eextensiandrane r i
lumen to adventitiamost common obISTAL vesselgdue to embolic nature)

b) meningitisY ext ension from periphery to
circulation associated with fungal infections)

1 frequently multiple (20%)very friable- greater propensity to blee@tLipture is fatal
in 80% patients!)

3. Dissectinganeurysmsi whenintramural hematoma extends into subadventitial p{arge in
fibromuscular dysplasjarauma.
i1 elongated, ovoid, or saccular.
1 most affect extracranial segmenfdCA, VA.

A. Dissected base of braimneurysm of ACAdrrow).
B. Dissected circle of Willis large aneurysm.
C. Section through berry aneurysm showing hyalinized fibrous vessel wall (H&E):

Source o f i" c .' re: Ramzi S. Cot feln1990R W.IBbSaumders Eantpany; ISBBYA78& Basi
0721673356 >>

Berry aneurysm on ACA:

Three berry aneurysms:

Source of pi<Ttheer d:ntfeWenkeRatPlat hol ogy L ¢pEowaediCoKialf, MDyo>r Me di c al

Histologic section at origin of aneurysm shows lack of internal elastic lamina:

ANEURYSM GROWTH


http://www.amazon.com/gp/product/0721601871
http://www.amazon.com/gp/product/0721601871
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
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- due towall shear stressaused by rapid changes of blood flow direction (result of systole and
diastole)- "water hammer effect".

T hemodynamic stresses continually damage i nt
saccular aneurysms.

thrombosis and rupture are also explained by-ateurysmal hemodynamic stresses.

arterial hypertensionrmay contribute to, but is not only cause of, aneurysm formation and rupture
normal blood pressure in hemorrhagic stroke favors diagnosis of saccular aneurysm!

1
1

Geometric relationship between aneurysm and its parent:artery
L ateral aneurysms(e.g.arise directly from ICA - blood moves into aneurysm at distal aspect
of its ostium and exits at its proximal aspect, producing-$low vortex in aneurysm
center lumen gacification proceeds craniatto-caudal fashion; pronouncedrarast
stagnatioh
Aneurysms that arise at origin of branching vessels or terminal bifurcation rapidintra-
aneurysmal circulatigmo vortex formation, ngontrast stasis
N.B. these patterns of intr@neurysmal flow influencaseof endovascular treatment devices.

GIANT SACCULAR ANEURYSMS

1 diameter > 2.5 cm.

1 3-5% of all intracranial aneurysn{3 times more common in women).

1 slow growth occurs byecurrent intra-aneurysmal hemorrhageBom highly vascularized
membranous wall of aneurysm.
i giant sacs commonly contain multilayered laminated clotsying ages and consistency,

which occasionally are calcified.

1 outer wall is fibrous and thicgseldom rupture into subarachnoid spacgiant aneurysms

typically producesymptoms related to mass effegtddistal thromboembolism

MULTIPLICITY

Intracranial aneurysms are multipleli6-30%casegfemales males =5 : I)of these:
75% have 2 aneurysms
15% have &neurysms
10% have 8 aneurysmgfemales males = 11 : 1)

1 multiple aneurysms areommonwith vasculopathieg.g.FMD).

1 many are at mirror sites bilaterally.

L OCATION

Traumatic, mycotic aneurysmsi distal sitesin intracranial circulation.

Saccular aneurysmgdevelopmental / degenerative) proximal sites (bifurcations of major arteries
Y rupture into basal cisterns
1. Anterior (carotid) circulation (86.5%)
AComA (25%)
PComA(25%)
MCA (20%)
ICA bifurcation (7.5%)
ACA (5%)
pericallosal/callosomarginal artery bifurcation (4%).
2. Posterior (vertebrobasilar) circulation (13.5%):
BA bifurcation(7%)
BA trunk (AICA origin, SCA origin) (3.5%)
PICA origin (3%)

N.B. atherosclerotic aneurysmsaffect predominantlyposterior circulation.
i carotid artery is affected most commonly in individuals < 18 yrs.

Anterior cerebral 30% )
Distal anterior
cerebral 5%

Anterior
communicating 25%

Internal carotid 30% Anterior
Ophthalmic 4% > circulation
Posterior 85%

communicating 18%
Bifurcation 4%
Anterior

choroidal 4%

Middle cerebral 25% )

Posterior cerebral 2% )
(Posterior
communicating and
distal posterior

eerebrdl Posterior
Basilar 10% > circulation
C

; 15%
Bifurcation 7%
Basilar trunk 3%

Vertebral — posterior
inferior cerebellar 3% )

e

Source of picture: Frank H. Netter ACIinical Symposi ao;

Anterior Cerebral Artery

Anterior Communicating Artery

~ ——— Middle Cerebral Artery

Carotid Artery

Superior Cerebellar Artery
Basilar Artery

Anterior Inferior Cerebellar Artery

Vertebral Artery

Posterior Inferior Cerebellar Artery


http://www.amazon.com/gp/product/1933247401

Ophthalmic complex aneurysms
1. Dorsal ophthalmic i on ICA above ophthalmic branch
2. Ophthalmic artery
3. Superior hypophyseal artery

PEDIATRIC ANEURYSMS
{1 account for < 2%ases.
1 most commonlyraumatic andmycotic.
1 posterior circulation aneurysms are more common.
{ averaged i a me t e r-lager tharin aduits!

EPIDEMIOLOGY

PREVALENCE: & -2% (0.36%) population
1 female :maleratio=1.6:1

RISK FACTORS

1. Hypertension

2. Smoking

Exposure texogenous estrogeria women- associated with a lower frequency of cerebral
aneurysms, based on a retrospective-casérol study.

Genetic syndromes
1) AUTOSOMAL DOMINANT POLYCYSTIC KIDNEY DISEASE(ADPKD)
2) LoEysi DIETZ sYNDROME(LDS) - autosomal dominant connective tissue disoradassic

triad: hypertelorism, bifid uvuld cleft palate, generalized arterial tortuosity; intracranial
aneurysm prevalence a 30%

CLINICAL FEATURES

Aneurysm rupture:
a) minor aneurysmal hemorrhage(WARNING LEAK, S.SENTINEL BLEED) - may be clinically
silent(or headache with meningeal irritatipm)ay precede rupture with wide variation in

latency.
b) SAH (significant morbidity and mortality) most common presentatiof intracranial
aneurysm! see below

c) intraparenchymal hematomamore common with distal aneurysn¥)direct rupture of
aneurysm into brain, secondary rupture of subarachnoid hematoma into brain parenchyi
d) intraventricular hemorrhagé€13-28%)- sources are ACAAComA (40%), ICA (25%),
MCA (21%), VBA (14%).
e) subdural hematomd2-5%)Y tearing of arachnoid by jet of blood
most aneurysms do not cause symptoms until they rupture.
aneurysms typicallpecome symptomatia 40-60 years; peak incidence of SAH is66 yrs.
ri sk of r uOpotperyesr & up to 1
aneurysms: 7 mmor aneurysms ianterior circulatold 0. 05% per year
aneurysms atther locationsaneurysms 10 mm aneurysms in patients who haéd from
prioraneurysnrda 0. 5% per year .
1 risk factors for aneurysm growth and rupture
1) cigarettesmoking
2) femalesex
3) youngerage
4) hypertension
5) largeraneurysm size(La Place law states that tension is determined by radius of aneurysit
and pressure gradient across wall of aneurysogture rate is direlst related to aneurysm
size (see ISUIA study>).
*esp. withdaughter saor documentedrowth
6) history of SAHfrom different aneurysm / family history of SAH

EJE

7 traumatic aneurysms occasionally caepistaxis

Nonhemorrhagic symptoms(relatively uncommon):
More common withgiant aneurysméiameter > 2.5 cm)

1. Mass effect

1) cranial neuropathies(e.g. CN3 palsy due to PConwk basilar tipaneurysm requires
urgent treatment!!!).

2) visual loss(ophthalmic artery aneurysm compresses CN2)

3) pituitary dysfunction (intrasellar aneurysms)

4) seizures

5) subacute, unilateral, periorbitatadacheganeurysmal expansion, thrombosis, intramural
hemorrhage)

6) brain stem compressior(respiratory dysfunction, cardiovascular instability)

2. Emboli Y TIAs / cerebral infarction (esp. with large partially thrombosed MCA aneurysms)
H: anticoagulation.
N.B. it might be sign ofentinel bleedsvhen thrombi start forming and shedding!!!
pay close attention to such patients (anticoagulation might be dangerous?)

N.B. symptomatic aneurysnt@ve significantly higher risk of rupture (6% per year)

SITE SPECIFIC CLINICAL FEATURES

DIAGNOSIS

Angiography i criterion standardpreferred in SAH.
CTA i preferred for unruptured intracranial aneurysms
MRA 1 alternative to CTA (esp. in screening for aneurysrfollowing after coiling?.
*CTA would have lots of metal artefacts and difficult
visualization of any recurrences

Noncontrast CT cawvisualizelarge aneurysm$O10 mm) or thatontain calciun{mural calcification
is uncommon, but both punctate and curvilinear types have been identified).

\Accuracyofhiglcresolution axial CT in diabnosis C

1 bone erosionn long-standing lesionaear skull base.

1 patent aneurysmswell-delineatedisodense slightly hyperdense mass in suprasellar
subarabnoid space or sylvian fissure;V ¢ o n enhamce intengely and uniformly
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1 partially thrombosed aneurysnpatent lumen inside thicken¢aofften partially calcifieflwall tha
is lined with laminated clot.
i residual lumen and outer rim of aneurysm may enhance straitglyV/ contrast.
I atherosclerotic debris imneurysm waldppears hypodense on CT.

Contrast CT- large - aneurysm of left MCAafrowhead:

CTA

1 sensitivity97%in detectinganeurysms
9 important in detectioof vasospasm.

Pericallosal (A2/3 junctiondneurysm:

Source of ture: Viktoras Palys, MD >>

- aneurysm appearance is highly variable emplex!

1 patent aneurysmshyperintense or hypointense sighalell-delineated massith high-velocity
signal loss (flow voidpn T21- and T2weighted images; turbulent flow in aneurysm givess
signal heterogeneityhélps to differentiate aneurysms from other mass lesions).

I IV contrast typically does not enhance patent aneurysms with high flow rates, but wall
enhancement may occur.

1 partially thrombosed aneurysmsomplexMRI signal- area of highvelocity signal loss in patent
lumen with surrounding concentric layers of multilaminated clot
i larger aneurysms may have thick signal void (llemosiderircontaining mural thrombus and

hemosideridaden fibrous capsule
i if intraluminal flow is slow turbulent, residual lumen may be isointense with remainder of
aneurysm

1 completely thrombosed aneurysmaariable MR findings;

i recently thrombosedneurysm may be isointense with brain parenchyma
I subacute thrombus hyperintense on T1 and T2.
i repeated episodes of intramural hemorrhegyemultilayered clots

Giant aneurysnextending into suprasellar region:

A) sagittal TEMRI - heterogeneous mass resulting in upward compressidf\argricle floor @rrow).

B) coronal TAMRI - large flow void arrow) within lesion, indicating partially thrombosed giant suprasellar
aneurysm.
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- reliable 3D imaging o& n e u r Y3simensdtivity is 87% and specificity is 99%most useful as
screening tool.

1 for headi MRA without contrast (timef-flight TOF protocol)

1 for necki with gadolinium

ANGIOGRAPHY

- criterion standardbr revealing and delineating features of intracranial aneurysm.

1 aneurysms may be multiplevisualizing entire intracranial circulation (incl. AComA, PComA,
both PICAS) is important.

3D rotational angiographyis preferable

6-vessel cerebral angiogram = both vertebral and internal carotid artexésrrral carotid arteries
(Y for duralAV fistulaas cause of hemorrhage.)

patent aneurysmcontrastfilled outpouchinghat arises fro arterial wall or bifurcation.

thrombosed aneuryspaoccasionally appeamormaljarge thrombosed aneurysan cause
avascular mass effect

1 notindicated fobenign perimesencephalic bleRdbut beware basilar tip aneurysm)

T
T

T
T

Aneurysms must be distinguished from
1. Infundibul um (incomplete regression of fetal vessel);
I most common location is at origin BComA from ICA (less commonkyorigin of
anterior choroidal artejyy
i smooth funnekhapedriangulardilatationsO3 mm in diameteryegular in shape, distal
vessel exits from agx.
foundin 7-13% of otherwise normalrteriograms
rarely may bleed
13 reported cases of progression to aneurysm.
treat only if accessible during surgery for another reassrapping, or placingn
encirclingclip, or sacrificing artery if it can be done safely (infundibula lack tresk)
I R R SR Tes ¥ 25 W B T W s Eos (“‘sf

2. Vascular loop, fenestrated vessgloverlapping projection of-8Bimensional vessel onte 2
dimensional image H: 3D-angiography.

Features to take note of when analyzing angiogram
1. Dome sze
I aneurysm may bgartially thrombosednd filling part may be much smaller than
overall sizgMRI or CT helps with this
i large aneurysm@O 1 5 diamete) are associated with lower ratescomplete
occlusion by coilig.
2. Necksize
i narrow necks <5 mm are ideal fwiling (vs.broad necks O 5 are mssociated
with incompleteocclusion and recanalization with coiling

*stent or balloorassisted coiling may be needed

3. Dome: neck ratio O2 is associated with higher rate of coil occlusion

Giant basilar tip aneurys(N = aneurysm, BA = basilar artery, LPCA = left posterior cerebral artery, RPCA = right
posterior cerebral artery):
A. Townes view large laterally pointing aneurysm.

B, C. 3D surface shaded CTA projectiohaneurysm relationship to PCA is more clearly shown.

1

PComA aneurysni@D rotational angiogram); origin of anterior choroidal artery lies dosbut is clearly separate from
aneurysm sasmaller MCA aneurysm. AN = aneurysmCHA =anterior choroidal artery, LACA = left anterior carotid
artery, TC = terminal carotid artery

3Dz
CHU BICETRE
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W30k = 1762
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SCREENING
- with MRA..

Indications
1) O 2 i mmlatiaswaith mtracranial aneurysms
2) AUTOSOMAL DOMINANT POLYCYSTIC KIDNEY DISEASE(ADPKD)

3) LOEYSI DIETZ SYNDROME(LDS)

Other: fanily history of SAH, sudden death, stroke and migraine.

Target populatiofi all adults > 30 years within one generation from index case.

Recommendations in literatufir ADPKD patients)
Torres VE, Harris PC, Pirson Y. Autosomal dominant polycystic kidney disease. Lancet.
2007;369: 12871301.
Chapman AB, Devuyst O, EckardiK Gansevoort RT, Harris T, Horie S, et al. Autosemal
dominant polycystic kidney disease (ADPKD): executive summary from a Kidney Disease:
Improving Global Outcomes (KDIGO) Controversies Conference. Kidney Int. 2015
(1) no systematic screenimyg intracranial aneurysms in ADPKD patients
(i) targeted screening patients with a good life expectancy who present with a family history
of intracranial aneurysms or SAH, patients with previous intracranial aneurysm rupture,
those with high risk professions and anxious patients despite adequate information
(i)  the use off OF MRI without gadoliniunenhancement as the screening method of choice
(iv)  rescreeningt 5 10-year intervals in atisk patients
Different opinions have also been published, advocating systematic screening for all patients with
ADPKD as well as screening before major elective surgery or renal transplantation.

TOLVAPTAN (Jynarqu®) - selective vasaressin V2receptor antagonistfirst medicine to slow kidney
function decline in adults at risk of rapidly progressiigPKD; due to possible liver injury Jynarque
is available only through a restricted distributiongmam called the Jynarque REMS.

TREATMENT

\ Treatment ofuptured aneurysms differ significantly fromnruptured aneurysms!

RUPTURED ANEURYSMS

- treatedurgently (within 72 h of hemorrhage)to prevent rebleeding and to permit aggressive
management of vasospagwith HHH).

UNRUPTURED (INCIDENTAL ) ANEURYSMS

- managecklectively
a) closeoBSERVATION (e.g. annual CTA]j possible indications:

< 7 mmincidentalaneurysms in anterior circulatidvave very low rupture risk in
patients withno history of SAH

1) patients life expectancy § yearsi any type of treatment carries 5% risk of
complications; aneurysm rupture risk is 1%/yie&m outweigh risks, patient must live
> 5 years after treatment!
2) no previous SAH
3) aneurysmdiameter5-1 0 mm (esp. i f patientds age
4) mycotic aneurysmé first treat with a/b (observe shrinkage with angiographiq7
days; if anetysm enlarges, it should be attacked surgically).
5) small AVM-related aneurysms (may disappear or shrink after successful treatment ¢
AVM)
A educatesuch patients abaut
i warning signs and symptoms of SAH!
i the only lifestyle modification that is necessanp stop smokinh

b) TREATMENT (clipping or coiling*) i possible indications:
1) young patientsegardless of aneurysm size
2) symptomatia@aneurysmsymptoms must be pathophysiologically related to aneurysm)
3) aneurysngrowth(increase in diametéd 1 ) /mhmange of configuratio(e.g.
development obleb)
4) previousrupturedaneurysm
5) PComA / posterior circulatioaneurysms
6) intraluminalthrombus with TIAs

*endovascular approagchfirst line treatmengesp. for > 65 yo)

Management of incidental aneurysms
Medscape

| INCIDENTAL ANEURYSM |

il e

<5 mm 5-7 mm >7 mm
Treatment if:
= 2 Type A risk factors Treatment if any risk Treatment
Or factor (A or B)
If any Type B risk factor

Tvype A risk factors: Type B risk factors:
Active smoking - Young age
Arterial hypertension - Symptomatic
Posterior circulation - Changein the
aneurysm configuration or size of
the aneurysm

Prior SAH

- Multilobed aneurysm
History of familial SAH

- Multiple aneurysms
Aspect ratio > 3

Source: Neurosurg Focus ® 2011 American Association of Neurological Surgeons

N.B. posterior circulatioraneurysms have higher risk of rupture!

1 mostneurosurgeons woulteat ant. circulation aneurysms if they are-?@m (esp. young
patient with newly discovered aneuryspositive family history, smokers, HTN, another ruptured
aneurysnvs. leave alonstable1l0 mm aneurysm that was discovered 10 years ago in 85 yo
patient).



I nter national Study of Unruptured Intracranial Aneurysms (1SUIA)
International Study of Unruptured Intracranial Aneurysms Investigators. Unruptured
intracranial aneurysms: natural history, clinical outcome, and risks of surgical and
endovascular treatment. Lancet 2003 ; 3 62 : 1030.

- natural history of unruptured aneurysms of different sizes5-year cumulative rupture rates
- the overd 1-yr morbidity and mortality:

12.6%- clipping
9.8% - coiling.
5-yr rupture risk:
Size Cavernous ICA | Anterior (ICA, ACA, MCA) | Posterior (PComA, PCA,
BA, VA
<7 mm 0 0/1.5 2/3
7-12 mm 0 3 15
12-25 mm 3 15 20
> 25 mm 6 40 50

N.B. prior SAHonly matters in <7 mm aneurysms

Annual rupture risk

Size No prior SAH Prior unrelated SAH
<10 mm < 0.05% 0.5%
>10 mm 1% 1%

1 4060 patients from 6dentersvorldwide

1 riskofrupturef or a particular aneurysm over the p
themortality/morbidity risk of treatment{7.1-12.6%).

1 5-year cumulative rupture rates (5 YRR):

(multivariate analysis showed thege was not a factpr
<7 mm aneurysms

Cumulative 5 YRR

Group 1 Group 2
Cavernous carotid artery aneurysms 0 0
AcommorACAaneurysms .......................................................................................... G o
vertebrobasuarPCAorPcommaneurysms e

Group 1¢ no previous SAH. Groupcdrevious SAH from a separate aneurysm
y2 RAFTFSNBYyOS 06SioSSy 3TN

7¢12 mm aneurysms

Cumulative 5 YRR

Cavernous carotid artery aneurysms 0
A.comm or ACA aneurysms 2-6%
Vertebrobasilar, PCA or P.comm aneurysms 14.5%

> 12 mm aneurysms

Cumulative 5 YRR

13-24 mm >25 mm

Cavernous carotid artery aneurysms 3.0% 6.4%
A.comm or ACA aneurysms 15.5% 40%
Vertebrobasilar, PCA or P.comm aneurysms 18.4% 50%
PHASES aneurysm rupturerisk score

Predictor Points

(P) Population

North American, European (other than Finnish)

Japanese 3

Finnish

(H) Hypertension

No 0

Yes

(A) Age

<70 years 0

=70 years

(S) Size

<7 mm

7-9mm

10-19.9 mm

20 mm 10

(E) Earlier rupture from another aneurysm

No 0

Yes 1

PHASES risk score 5-year risk of aneurysm rup-

ture

2 0.4%

3 0.7%

4 0.9%

5 1.3%

6 1.7%

7 2.4%

8 3.2%

9 4.3%

10 5.3%

11 7.2%

12 17.8%

FOLLOW -UP

See below



SUBARACHNOID HEMORRHAGE (SAH)

- blood extravasation into subarachnoid space (between pia and arachnoid).

ETIOLOGY
1. Traumatic SAHs (most frequent SAHS!)

2. Nontraumatic SAHSs:

In 15-20% of SAH patientsangiographyails to identify aretiology!

a) 7590%-aneurysmrupt ur e (t ear bmmlang)pehbagds56aymsdonld O
20% cases occatagel5-45 yr9; most common site AComA.

a) 4-10% - bleeding fromAVM ; most patients 230 yrs.
b) 5-15%- other:

1) benignperimesencephali¢pretruncal) SAH.

2) occult aneurysm(initially compressed by hematoma or did not opacify because of

vasospasror clof); H: repeat angiography (1 wk lajemdication for &
angiogram
a) blood just in front of brainsteiinbenignperimesencephalic SAH
i 3 angio not indicated.
b) blood more widely distributetl 3" angiogram 6 weeks later: 4
5% chance of detecting aneurysm.

3) intracranialarterydissection

4) bleeding fromtumor (such as pituitary adenoma).

5) spinal cordaneurysm or AVM.

6) dural malformation

7) somedrugs(e.g. cocaine)

- 50% patients who hawvi&ug abusg@roblem along with CNS symptoms have
SAH (of these 50% have underlying abnormality such as aneurysm or
vascular malformation; others are due to hypertensive response to drugs)
8) amyloid angiopathybleeding diathesesickle cell anemigpituitary apoplexy

1 relationship betweehypertensionand aeurysmalSAH is "uncertaif.
hypertension per se is not significant risk factor, but aneurysms do rupture under
conditions associated with sudden BP rise (coitus, athletic events, etc)

1 evidence for associatiomith smokingis indirect.

EPIDEMIOLOGY

1 INCIDENCE has not decreased over decaesike for other stroke categories), but survival
improved,;
i 10fold variation in ageadjusted incidence: from 2.0 cases / 100 000 populatiearin China
to 22.5 cases / 100 00@earin Finland(a little bit less inJapa
I rate of aneurysmal SAH in western population8:/6.00000 population / year
i incidence increases with aged peaks at 50 yrs.
80% SAHSs occur in people aged > 40 years
15% in people aged 240 years
4.5% in people aged 120 years
0.5% in children < 10 years
1 significantrisk factorsfor aneurysmaSAH:
1) smoking(risk of SAH increase@-6-fold; risk increased-old if positive family historyof
aneurysmal SAH).
2) hypertensior{conflicting datai )
3) North American black§2.1 times greater risk than in whites)
4) femaleg(1.24: )
5) 3trimester of pregnanty SAH is leading cause of maternal mortality25% maternal
deaths during pregnancy):
75% from aneurysms (esplder multiparous women)
25% from AVMs (espyounger nulliparous women)
*recent reviews have suggested that, contrary to conclusions from prior
studies, risk of SAH is not increased during pregnancy.
6) hormone replacement therajpypostmenopausal women
7) heavyalcoholconsumptior{controversial)
8) reduced lung functiofreduced FEV1, reducdeEV1/FVC) - significantly associated with

increased incidence of SAHtomparable with effects of hypertension and smoking
"Our hypothesis is that matrix degradation of vessel walls, which is major reason for SAH, and
degradation of lung tissue, which is major reason for reduced FEV1, share common mechanisms"

9) longterm(esp. > 3 yeardpw-doseasPIRIN has protective effective against SAH and does
not increase sk of intracerebral hemorrhage

aneurysm size matters; AComA aneurysm size correlates linearly with risk of rupture.
oral contraceptiveshormone replacement therapy, hypercholesterolemia, physical activity are no
significantly related!

= =4

PATHOLOGY

surrounding brain parenchymarownish pigmentation andfibrous adhesions

aneurysm size may be diminished postmortem.

ruptured fundus may be visualized withlcifications of aneurysm walandintraluminal
thrombus

1 SAH may be complicated by

intracerebral hemorrhage (2@0%)

intraventricular hemorrhagé€13-28%)

subdural hematomg?2-5%) - overconvexity(most commonlydue toPComAaneurysmor
interhemispherig¢distal ACA).

E

Ruptured berry aneurysm in circle of Willis:


http://www.neurosurgeryresident.net/TrH.%20Head%20trauma/TrH1.%20Head%20Injury%20(GENERAL).pdf#SAH
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CLINICAL FEATURES

1 10-50% patients hagremonitory symptoms 10-20 dayqfew hours + few monthgrior to
rupture(due tosentinel leaksaneurysm expansioembolization see above

Sentinel SAH headacltshould be considered in differential diagnosis of all new
headachle

1 30-40% patients are at reat time of \H (e.g. sleeping)
remaining60-70% are at physical / emotional stréitefecation, coitus, head trauma, etc).

1. Sudderexcruciatingheadache(it hund e r c | *a fpworktie m d @ @ th ie ®Iocali@esl(tol i f
side of aneurysmjr generalized.
1 reaches maximum intensity within 1 minute.
1 location of headache is variabldoes not give clue as to site of hemorrhage.
1 present in 97% caseahsence of headache represents amnesia for event.

*N.B. thunderclap headache is not limited to SAH and may be seenesithral venous
thrombosisreversible cerebral vasoconstriction syndrojsessh migraingbenign
orgasmic cephalgialack of SAH evidence should promi#RV , CTA; angiography no
longer recommended

2. Arterial blood (pressure 16060 mmHg squirting into CSF spadgressuré  -1mmHg Y
sudden ICP elevatio(t transient abrupt generalized vasospasgizurelY transient*alteration
in consciousnesgsyncope ild3-50% cases at ongéy.
*10% patients are comatose for several days
** massive SAH, in contrast to other kinds of strakay cause sudden dehth

Deterioration of consciousness few days after hemorrhage
a) rebleeding (sudden worsening)
b) vasospasm (gradual deterioration)
c) hydrocephalus (gradual deterioration)

3. Blood inducessTERILE MENINGITIS Y meningealirritation signs(neck stiffness, photophobia,
nausea & vomiting, low back p&ip- may take several hours to manifeety become more
severe during first week (blood breakdown in CSF).
*irritation of lumbar nerve roots by dependent blood

4. Focal neurological findings
1 CNB3 palsy is most frequent (PComA aneurysm).
T CN6 palsy is due to I CPy (false | ocali
T clinical signs can |l ocalize ruptured a

5. Focal or generalizeseizures(10-25%)- most occur within 24 hoursudden ICP rise + direct
cortical irritation by blood)

6. Autonomic disturbances(due to subarachnoid accumulation of blood degradation products
CHEMICAL HEMIC MENINGITIS) T fever(!), nausea & vomiting!), sweating, cardiac arrhythmias
ischemia

7. Ocular hemorrhage (20-40%)- elevatedCP causing venous hypertensiand disruption of
retinal veins.
1) (intra)retinal hemorrhage: may surround fovea
2) subhyaloid (pre-retinal) hemorrhage (Terson syndromg see below >>

GRADING CLINICAL SEVERITY

Hunt & Hess scale(on admission and prep):

Grade Clinical Findings Survival Rate | Vasospasm Rate
0 unrupturecaneurysm
asymptomati¢or minimal headachandslight

1 o 70% 22%
nuchal rigidity)

1A no acute meningeal or brain reaction fixed
neurologic deficit

5 no AMS; moderate + seveteeadache and nucha 60% 330

rigidity, no neurologic deficit other thabN palsy
3 AMS: lethargy confusion mild focal deficit 50% 52%



http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html

stupor moderate + seveteemiparesispossible

4 early decerebratdgidity, and vegetative 20-40% 53%
disturbances

5 deep comadecerebrate rigiditynoribund 10% 74%
appearance

Add one grade faserious systemic diseaggiTN, DM, COPD, severe atherosclerosis)

or severe vasospasmn angiography
Mnemonics
07T unruptured
17 asymptomatic
21 HA + nuchal rigidity
31 AMA
47 hemiparesis, posturing
51 deep coma

Inter national Cooper ative Aneurysm Study
Grades 1 and 2 were operatgzbn as soon as aneurysm was diagihoSeade3 managed

until condition improvedo Grade 2r 1 (exception: life threatening hematoma or multiple

bleeds whictwere operated on regardless of grade).
Study results:
- with normal consciousness, H&H grades 1 and 2 had identical outbeméaresis
and/or aphasia had no effect on mortality
- mortality:
admission H&Hgrade 1 or 2: 20%.
patient taken to ORfor any procedure) at H&ldgrade 1 or 2: 14%.
major cause of death in Grade 1 or 2 is rebleed.
signs of meningeal irritation increases surgical risk.

I I I D

World Federation of Neurological Surgeons (WENS) Scaile

Grade | Glasgow Coma Scalg Clinical Findings
I 15 No headache or focal sigy
1 15 Headache, nuchal rigidity
11 1314 no focal signs
\Y% 7-12 Headachenuchalrigidity,
V 3-6 focal signs

New version World Federation of Neurological Surgeons (WENS) Scale

Grade | GCS | Major focal deficit* Mnemonics
I 15 - normal
Il 1314 - confused
11 1314 + aphasia or hemiparesi
1\ 7-12 " near coma
V 3-6 deep coma

*aphasia, hemiparesis / hemiplegia

DIAGNOSIS
Algorithm in suspecte8@AH:

CT without contrast
positive Z positive Z negative
CTA,DSA Y LP

Z negative

CTA, MRV
Comment: LP allows to decide MRV vs DSA (CTA is done regardless)

NONCONTRAST CT

Acute SAH- areas of increased density in subarachnoid spaces
1 IV contrast may obscure SAH detection

Falsenegative CT
a) hemorrhage from lesion spinal cord
b) CT performedoo early(only small amount of blood being present).
c) subarachnoitlood disappearetefore imaging

CT sensitivity 9598% (maximum sensitivity is within 128 hours)\

sensitivity decreases to 80% at 72 hours, 50% at 1 weel

Negative CT does not preclude SAH!!

For subtleSAH, look inoccipital hornsof lateralventricles and dependent
portions ofsylvian fissures

If CT is negative, but SAH istill s u s p e dumbad puntturer repeat CT lateor FLAIR MRI

In patients with minimal symptomatology (e.g. sentinel leaks), lumbar puncture

is considerably more accurate than CT!

N.B. you have only one chance with LH you repeat it, it will befalse
positive from small amount of blood from first LP

Bleeding site localizatian

N.B. blood may quickly spread diffusely throughout CSF spaces, providing little

clue to its site of origin.
i suprasellar cisterblood is common from many bleeding sites.
i bloodwithin cistern of lamina terminalignterior interhemispheric fissurdlameshaped
medial frontal ICHI AComA.
blood withinsylvian fissuré MCA or PComA
blood predominantly iprepontine or peduncular cisteinbasilar apex or SCA
lateral ventriclebloodi AComA
3 ventriclebloodi B At i ppnventicularVH)

for PICAIl
i surrounding edema and inflammation may be appreciated with IV contrast following
noncontrast CT.

4™ ventriclebloodi posterior fossarseurysms (esp. at PICA takeoifplmost pathognomonic

blood inbasal cisternsylvian fissure orinterhemispheridissure- saccular aneurysmrupture;
bloodover convexitie®r within superficial brain parenchymaVM or mycotic aneurysmrupture.

Radiological grading of SAH
HI1JDRA score- amount of esternal and ventricular bloagken on CT

FISHER grade (historical)- amount of blood seen dinst noncontrasCT (predicts vasospasm):
Fisher 1- no blooddetected
Fisher 2- diffuse thin (< 1 mm) layer, no clots
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Fisher 3- localized cloandbr verticallayer(O1 mm) i high risk of vasospasm!
Fisher 4- intracerebrabr intraventricularclot with diffuse or no SAH

Only Fisher 3 is associated with clinical vasospémount of blood in cisterns
and fissures is important prognosticator for vasospasm!

i "vertical layer" refers to blood within "vertical" subarachnoid spaces including
interhemispheric fissure, insulaistern, ambient cistern

i reflux of blood into ventricles frequently indicates obstruction of CSF circulation, and is
associated with higimcidence of hydrocephalus

MODIFIED FISHER SCALE (MF) - modified from the originaFisher scaléo account for patients with
thick cisternal blood and concomitdWH - when using the modified Fisher scale risk of
developingvasospasnprogressvely increases with each gradm the original Fisher scale, the risk
counterintuitively peaked ataue 3 and decreased for grade 4):

mF grade Blood pattern Incidence of symptomatic
vasospasm
0 No SAH, no IVH 0%
1 Focal or diffusethin SAH, no IVH 24%
2 Focal or diffuse, thin SAHVH present 33%
3 Thick SAH, no IVH 33%
4 Thick SAH, IVH present 40%
Note: the original study did not include a specified measurement or criteria to define thick vs thin
hemorrhage.

Note: Any intraventricular hemorrhage, no matter how small, is counted.

Things that can mimic SAH on CT

1. Pus

2. Contrast (IV and especially intrathecal)

3. Pachymeningeal thickening seen in spontaneous intracranial hypotension

AComA aneurysm rupture:

Nonenhanced CTmassive SAH in basal cisterns and supracerebellar cistern and lesser amounts in
sylvian fissures bilaterally; blood reflux into ventricular system, and acute hydrocephalus.

Acute diffuse SAH within suprasellar cistern, ambient cistern, and frontal and temporal sulci. There is dilation of both
temporal horns of lateral ventricles associated with communicating hydrocephalus



CTA

Easy to obtain and highly accurate! Include neck CTpkeparation for DSA
N.B. CTA may miss O 3 mm aneurysm!

L UMBAR PUNCTURE

- most sensitive test for SAHNdicatedif CT is negative nonclotting hemorrhagicCSF with
xanthochromicsupernatanfmay be absent within first few hourd90% present aft€p12 hours.

Parameter "Traumatic Tap" SAH

Xanthochromia Absent Onset: 46 hr
Still present in
40% at 4wks

RBC count (serial tubes Decreasing Constant
Blood clot formation Rapid Nonclotting

T openi ng (emansfermang days) pr ot ei nsy
f proportion of WBCs to RBCs is that of peripheral bigod 1 :YL1 OMBOO) count i nc
24 hours (chemical meningitjsglso [glucose] decreases.

1 LP should not be performed if CT demonstrates SAH.
N.B. if aneurysm is unsecuregcessivdowering of CSF pressure increases
transmural pressuicross wall of aneurysivi rebleed(remove only minimum volume
of CSF needed fatiagnostic studigs

you haveonly one changaepeat LP may beanthochromidrom previous LP.

differential of xanthochromia: jaundicleigh proteinlevels in CSEF

= =4

ANGIOGRAPHY

- indicated inall patients after SAH diagnosis
1 explore all 4 vessels.
 signs ofruptured aneurystii f O 1 a n e whick aneurysmsneefdsotaibe tteated
acutely):
1) contrast extravasation(pathognomonic but extremely rare)
2) larger aneurysmwill be site of rupture rore frequently than smaller oinenost important
(practically) criterion! (all others belowonly soft signs)
3) focal vasospasnfbut subarachnoid blood quickly spreads along basal cisterns)
4) aneurysmatbleeding epicenter(focal parenchymal or cisternal hematoma)
5) irregularly shaped aneurysm (lobulation, smaller daughter dome)
Murpheyés iteat,0 fitit,0 or fexcrescenceo - Dr. Francis Murphey (the Semmes
Murphey Clinic in MemphisDr. Murphey did not formally publish this important
work) recognized that facal sacculation on the dome of an aneurysmay be
angiographievidence of a culpable aneurysmthe setting of SAH with multiple
intracranial aneurysms @sent.
1 trial balloon occlusion of parent artery for giant and fusiform aneurysntisat may need to be
surgically fAtrappedo because they | ack def|

Aneurysm &rrow) atICA-PComA junction note ICA vasospasm adjacent to aneurysm:


http://www.amazon.com/gp/product/1416053166
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A. Carotid angiogram distal ICA berry aneurysm 4 x@m (@rrow)
B. Postoperative angiogram showl placementgrrow) with total aneurysm obliteration.
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A. Vertebral angiogrambasilar tip aneurysm.
B. Angiogram after placement obils with excellentaneurysnobliteration and preservation of adjacent vessels.

ANGIOGRAPHY -NEGATIVE SAH

N.B. acute angiography occasionafigldsnegative resultéin 15-20% spontaneouSAH): aneurysm
not filling ascompressed by hematonthtombosisorvao s pasm Y 1 e p eZawmeek&n g i
1-6 months*later.

*3 angiograms still givd-4% falsenegatives 2" and 3 angio is not indicated
if SAH blood pattern is compatible with benign perimesencephalic (pretruncal)
bleed

Before calling angiogram negative, one must
1) visualizeboth PICA origins (via one VA injection ifthere is enougheflux down
contralateraVA).

2) visualizeAComA¥*; if both ACAs fill from one side, this is satisfactory.
*performcross compressioAP study with carotid injection
(first, rule-out plaque in carotid to be compressed)yse a
higher injection rateto facilitate flov

3) see nanfundibulum ( ) colocalized to SAH.

9 after first negative angiogram, ordmgrvical MRI to rule out cerical AVM / AVF as source of

SAH.
Cervical dural AVF:

Radiographic patternsf DSA-negativespontaneocuSAH

1. Perimesencephali¢30-40%)1 one* DSA

2. Cortical SAH Y CTA, i dne*DSAdlewtchance of &neurysm but look for
vasculitis DAVF)

3. CT-negative LP-positive = same as cortical SAH

4. DiffuseSAH( pr ognosi¥Ys CZAAaSAH) negaitfi vnee gYatDSvre Y
days later, consider MRI (look for cavernonya) i f al | negative, som

*.e. no additional serial imaging




ANEURYSMS, SUBARACHNOIDAL HEMORRHAGE Vas25(16)
Summary: )
peri mesence@Shal ic Y one
cortical Y CTA Y one DSA
di ffuse Y CTA Y MRSIA YY [IDSSAA

Diagnostic vield in angiographically negati8é&\H:

Sadigh G et al. Radiological Management of Angiographiddéigative, Spontaneous
Intracranial SubarachnoidHemorrhage: A Multicenter Study of Utilization abéhgnostic
Yield. Neurosurgery 85:12633, 2019

brain MRI 1 positive in 0.7% (1.2 in honperimesencephalic pattern)

cervical spine MRI T positive in 0.2% (0.3%)

sameadmissiorfollow-up DSAT positive in 3.3%(7.4%)

sameadmissiorfollow-up CTA T positive in1% (1.7%)

after dischargdollow-up DSAT positive in 2%

after dischargdollow-up CTA i positive in3.7%
In patients withperimesencephalic hemorrhamene of the followup imaging was positive for
any etiology to explain SAH!

MRI
- not sensitive for SAH within first 48 hours further seg. D51 >>
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TRANSCRANIAL DOPPLER

N.B. fast fluid-attenuated inversion recovery (FLAIR) sequerdetect SAH wittsensitivity
that is equal to or greater than that of J8ubarachnoid hemorrhage produces dramatic
hyperintensity in normally hypointense CSF).

useful to diagnose AVMSs.

useful for diagnosing and monitoring unruptured aneurysms.

MRI with gadolinium IV bolusbetter than CTA visualizes previously coiled / clipped aneurysms
(lots of metal artifacts on CT).

cases of repeated bleeding show areas/pfRFICIAL HEMOSIDEROSIS (i.e. subpial black T2

hemosiderir)
Axial T2-MRI - pons, mesial temporal lobes and cerebellar folianatined bylow signal intensity Bmosiderin
rim indicating repeate8AHs:
0

-to assess forasospasm done routinely every day until

Wi
|
|

ndowo of vasospasm).
disadvantagé monitors onlymajorbranches of Willis circle.
index of Lindegaaranay be more specific.

FuNDuUscopry

1) papilledema

2) TERSONsyndrome- pathognomonic of SAH
subhyaloid hemorrhageg11-33%; often
bilateral) between retina and vitreous membre
i due toblood dissectioralong optic nerve
sheath + subarachnoid blood around optic nel
compresses central retinal veat its exit from
nerve:

3) hemorrhage within vitreous humor
- funduscopy reveals vitreous opacity
- usually bilateral.
- complicationselevated intraocular pressure, retinal membrane formétion
retinal detachmentetinal folds
- vitrectomyif vision fails to improvespontaneously in-€2 mos
- long-term prognosis for vision is good

CARDIAC M ANIFESTATIONS

-SAHcauses i r cul at i ng andattenoniicestimalationn e s §

1) subendocardiahyocardial ischemia
2) peaked P waves, prolonged QT, tall or inverted T waves, U waves
3) arrhythmiaqtachy, brady)

TAKOTSUBO CARDIOMYOPATHY - transientstresscardiac syndroméue tocirculating
c at e c h o)lthatimvolves teff ventricular apical akinesis anuinics acute coronary syndrome

1
1

patients often present witthest pain ST elevationandy car di ac enzymes
on cardiac angiographieft ventricular apical ballooninig present and there is no significant
coronary artery stenosis.

Japanese workotsubdranslates to "octopus pot" resembling shape of left ventriclagiaystole
on imaging studies:


http://www.neurosurgeryresident.net/D.%20Diagnostics/D45-59.%20Neuroimaging%20(X-ray,%20CT,%20MRI,%20PET,%20MRS)/D51.%20MRI.pdf#HEMORRHAGE_ON_MRI

Ventriculogram typical appearance efleft ventricle during diastoland enesystole- aneurysmal
dilatation (ballooning) of both apical and inferior segments of the left ventricle (arrows)

COMPLICATIONS

VASOSPASM

- due to irritation by blood delayednarrowingof large capacitance arteriasbase of brain
(radiographic vasospagithat can lead tdelayed ischemic neurologic deficit (DIN{Z]inical s.
symptomatiozasospasin

Most significantcause of disability and deat{tauses death in 7% SAH patients)
must be aggressively treated:

1 most commonly seen following aneurysrB#{H (but may also follow other intracranial
hemorrhageandSAH of unknown etiology
1 occursatdays 3+ 21 (neverbefore day 3rarely starts after day Lwith peak incidence daysi-
14.
i clinical vasospas graduagasliographeresoldiign owkra y
3-4 weeks
I vasospasm develops earlier in patients with previous SAH.
1 angiographic incidence 310% (on bleed da f these, only?0-50% patients become

symptomatic
1 more blood is surrounding arteries, more likely there will be vasospasospasm risk correlates
with:
1. Amount of blood in SA space
T if CT fails to demonstrate blood or shows only thin layer, vasospasm is
unlikely.
i if CT shows c¢clot O 5 x 3 mm, seve
2. Speed of blood clearance
T one of reasons to have EVAD- LD.
1 pathogenesisarterialblood at high pressure contacts vesselsae of braiffvasospasm is rare in
SAH with distribution limited tocerebral convexity
1 putative responsible agehtENDOTHELIN (other candidatels OXYHEMOGLOBIN, SEROTONIN
CATECHOLAMINES, PROSTAGLANDINS SUBSTANCEP, CALCITONIN GENE PEPTIDE PLATELET-DERIVED
GROWTH FACTOR.
9 risk factors higher HH grademore blood on CTclots are especially spasmogenic when in direct
contact with proximal @m of ACA and MCA and thusantifibrinolytic therapyyoungerage,
preexistinghypertensionhistory of active cigarette smokinigypovolemia.

*SasakiAdamset al 2023: risk ofymptomatiozasospasnn patients > 650 is 8-
timeslesslikely (p < 0.0001; 95% CI 5i@3.0; patients> 83 years had a statistically
negligible incidence of vasospaghypothesig stiffer atherosclerotic arterigess

robust inflammatory response

100+
Relationship between age and vasospasm
S 1.5

[}
[=

o
1]

[=:]
o
1

1.0 o8,

[=2]
o
1

0.5+

S~
i

]
(=]
1

0.0 eees P

% Age group with vasospasm
Occurrence of vasospasm

o
1

0.5 T T T 1

40 60 80 100

18-40 41-55 56-65 66-75 >75
Age (years) Age (years)

[
o

Risk factors for developing vasospagrariables with oddsatios statistically
significantly greater than or less than 1.0 (p < 0.05) are indicated with an gsterisk



* Age <65 years- o @ Age
Female+

Male-
Caucasian-
African American=

T

Al

"

'+
Hispanic- ——
—i—
{HEH

HEH

e

O Gender

B Race/Ethnicity

Asian-
*Hypertension-
Type 2 DM+
Hyperlipidemia-
Atrial Fibrillation- a3
History of stroke or Ml |—E|—E+
Anti-hypertensive use- e
Anti-coagulant use- —x—]}

Tobacco use+ I‘:—H A Past exposures

i

A

O Comorbidities

Risk factor

Alcohol use+
Recreational dl’Ug USeT T I —
Nimodipine+ —o—4
*Nicardipine- o
* Hypertonic saline= 2]
* External ventricular drain- ]
*Vasopressors- e

¢ Inpatient interventions

T 1
0.01 0.1 1 10 100

Adjusted Odds Ratio

angiographic dye can exacerbate spasm.
most common sitesterminal ICA, proximalACA > proximal MCA; more distal arteries become
involved later.
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N.B. involved territory is not related to location of ruptured aneury8@#
(Greenberg says theregsod but not perfect correlation)

HISTOPATHOLOGY

1 vasospastic vessels shavedial necrosisandinflammation within first few weeks, and later
medial atrophy subendothelial fibrosisintimal thickening.
Vasospasnis chronic condition withilefinite longterm changesn morphology
of involved vessels

Time Vessel layer  Pathologic change
day 1-8 adventitia T inflammatory cells (lymphocytes, plasma cells, mast cells) and
connective tissue
media muscle necrosis and corrugation of elastica
intima thickening with endothelial swelling and vacuolization, opening of

interendothelial tight junctions05.106

day 9-60 intima proliferation of smooth muscle cells — progressive intimal thickening

CLINICAL FEATURES

(may deelop over few days and fluctuate; 1@¥esent abruptly) DIND (delayed ischemic
neurologic deficit) headachegeterioration in mental statusew-onsetfocal neurologic deficits.

Lethargy (with or without focal neurological deficit) is vasospasm, until proven othertise!
emergency CT to rule out other patholdggsospasm may be clinically indistinguishable
from rebleeding)

M ONITORING

1) routineserialneuro exams

2) routinedaily TCD (normal velocities are < 100alternative’ continuous EEG (look for
assymetry)

3) baseline and followup perfusion CT, CTA

DIAGNOSIS

- arterial narrowing with slowing ofontrast filling

1) CTA (with pCT) T first test to do if SAH patient develops any neuro defigtime

neurosurgeons do it routinely (e.g. at SAH bleeddagt0 i f )T CDsyyy
*at the same time put NPO order as patient potentially may go to OR

2) MRI-DWI and PWI - may detect early ischemia

3) angiographyi canconfirm diagnosisnd afford treatment (e.g. inteaterial
VERAPAMIL).

4) EEGiZ per cent (644 Hz)dalledtrelative alghg' (RA) from mean 0.45 to
0.17 predicted onset of vasospasm eattianTCD or angiograpyt Ztotal EEG power
(amplitude)- 91% sensitive for predictingasospasm

5) TCD:
ACA: > 100
MeanMCA velocity | MCA:ICA (Lindegaard) ratit* Interpretation
<120 <3 Normal
. 120-160 Mild spasm
120200 36 160-200 Moderate spasr|
> 200 > 6 Severe vasospasm

*velocities in this range are specific for vasospasm but
are only 60% sensitive
**differentiates vasospasm from hyperemia
I TCD changes may precede clinical symptoms by (#3448 hrs.
i findings are often more helpful when baseline studies performed before
vasospasm are availalfleg.increases of 50 cm/sec/anay suggest
vasospasiother experts say 21 cm/sec/l

A, AP left ICA angiogram ruptured anterior communicating artery aneuryamofw).

B, AP right ICA angiogram absent A1 segment of right anterior cerebral artery and no vasospasm.

C, AP right ICA angiogram 7 days after admissi@evere vasospasm of M1 segment of right middle cerebral artery
(MCA) (up arrow) and supraclinoid right ICAft arrow).

D, PerfusionCT cerebral blood flow (CBF) mapvasospasrinduced decreased CBF (blue areas) within right frontal lobe
(arrows).

E, APright ICA angiogram after intrarterial verapami improved MCA (p arrow) and ICA (eft arrow) vessel caliber.

F, Followup perfusion CT at same level as in Eestored CBF in right anterior frontal lobe on CBF color napofvs).



PREVENTION

- see below

TREATMENT

- see below

REBLEEDING (RERUPTURE)

- from aneurysm rerupture

1 clinically - new headachesuddemeurologic worsening sudden | CPy, .brigh
1 diagnosis CT show presence of new blood in subarachnoid space

1 EVD increassrisk of rebleedingf unsecured aneurysms

N.B. rebleeding-8%@M"Wries mortality a

Rebleeding riskof untreated aneurysms
Istday i 4%
each next day during first 2 weeks§ 1.5%* (2 wks cumulativé 20%, 6 mos cumulativie 50%)
after 6 monthsi bleeding risk returns to baselifte 3%/yr)

*"blow out" hemorrhagek due to unstable thrombus

** lysis of clotsitting over rupture site

N.B. risk of rebleeding in SAH of unknown etiologgAH with AVMs, SAH with incidental multiple
unruptured aneurysms, are all similad-& %/yr

1 prevention N.B. bed rest does not prevent rebleeding!
1) control HTN
2) do not drain EVD below 10
3) TRANEXAMIC ACID (Cyklokapron®)1 g g6h IV (e.qg. if patient needs to be transferred
before securing aneurysm)
4) EPSILON-AMINOCAPROIC ACID (Amicar®)10gIVioadi ng d48gd; Y 1V
incidence of hydrocephalus astitoke isincreased with prolonged use

SEIZURES

9 seizureNCIDENCE (excluding seizures at time of hemorrhpge20% of SAH patients have
seizures duringcute illness
1 KepPrAT continue for 7 days after aneurysm is secured (other experts do not continue after
aneurysm is treatedAEDs may give poorer outcomes)
1 mgority of seizuresarenonconvulsive(cannot be detected without EEG)
N.B. seizure burden (number of hours of seizures) is associated with unfavorable
functional(mRS 46) and cognitive outcomeevery hour of seizure on cEES
associateavith oddsratio of 1.10(95%CI 1.0% 1.21, p =0.04)to 3-month disability
and mortality!!

Predicted outcomes at 3 months relative to seizure burden

>

1.00

0.75

0.50 4

Probability of unfavorable
outcome (mRs 4-6)

(TICS-score, points)

Predicted cognitive outcome 00

0 20 40 60 80
Seizure burden (hours of seizures on cEEG)
De Marchis et al.Neurology 86 January 19, 2016


http://www.amazon.com/gp/product/1416053166

1 10.5% incidenceof seizuresn 5 years followup (20% for MCA, 9%for PCA,2,5% for ACA
aneurysms)

ACUTE Obstructive HYDROCEPHALUS

- blood withinventricles blocksforamen of Monrogsylvian aguedug¢blood withinbasal cisterns
blocks4™ ventricular outlet
1 develops iMl520% caseacutely
1 most present withifirst 24 hourqor within first 7 days).
1 most reliable clinical measurelevel of consciousness any change in | eve
emergent CTdilated ventricles* Y i mme\aritrautiostomy.
*30-60% caseshow no impairment of consciousness
**earliest finding is ballooning of frontal horns
N.B. ventriculostomy increases risk of rebleed(ifiganeurysm is unprotected!)
therefore
i keep EVD drainage at least at, Bdme experts use 15 or @then aneurysm is
secured may drop to 0)
i patients with dilated ventricles (but no compromise of level of consciousness)
should be treated conservatively
1 blood may obstruct ventriculostonegthete(H: intraventricular injection ofPA followed by
clamping drain for 1 h and then opening tube).
1 hydrocephalusesolutionis assessed periodically blamping EVDwhile monitoring ICPneuro
status
1 if blood only subarachnoid, some experts add LD to EVD

EVD side:
anticipated clipping opposite side of aneurysm
anticipated coiling nondominant side

DELAYED Communicating HYDROCEPHALUS

- blood insubarachnoid spacebliteratesarachnoidal vill;

1 develops irB-45% cases

T developd 1 0 aftbraSAK- incontinence, gait instability, cognitive deteriorati@iulia)

1 prophylaxis prolongedeVD + LD (clear blood from CSF) #PA (esp. if ventricular casting is
present)

1 treatmentventriculoperitoneal shunt

N.B. usually it is temporary condition and prolonged EVD/LD helps to avoid shunt in some patients;

some experts would even use intermittent kith multiple passes to create CSF leak in spine as

temporary fAsafety valveo until condition res

*esp. if patient was leaking CSF from EVD incisibmwant to make sure CSF is not infected

Effect of ventricular casting and tPA
Joshua S. Catapano. Intraventricular Tissue Plasminogen Activator and Shunt Dependency in
Aneurysmal Subarachnoldemorrhage PatientsWith Cast Ventricldgurosurgery 89:973
977, 2021

1 IVH was independently associated with increased likelihood of shunt placement (odds ratio [OR
7.8, 95% CI: 3.816.2,P <.001).

1 generalized ventricular castingncidence of shunt dependency was 2 times greater than that
among patients with IVH without ventricular casting (45% vs 23%).

1 generalized ventricular castirgndependent predictor shunt placemer{OR: 3.Q 95% CI: 1.8
4.9,P < .001); butintraventricular tPA reverted a shunt requirement(®©R: 0.30, 95% CI: 0.020
0.93,P =.04).

*administered via EVD, dosage 0.1 to 1 mg daily3do 7 days

**to similar rates as IVH without casting
N.B. tPA is safetPA vs netPA - there were no significant differences in the incidence
of EVD infections, EVD tract hemorrhage, cerebral vasospasm, delayed cerebral
ischemia, irhospital mortality, 3@ readmission, or followap mRS

7 this and other studies support thatount of blood in ventricledoes not correlate witBCl
(delayed cerebral ischemia from vasospasi{I| and vasospasm are likely not associated with
theamount, thickness, or clearance of ventricular blood

Intrathecal urokinase + nimodipine

NON-NEUROLOGICAL

SAH-INDUCED HYPONATREMIA

1 develops in 1684% cases
1 majority of cases ardue tocerebral salt wastindatrial natriuretic peptidey?); the rest due to
SIADH
*not brainnatriuretic peptide
may be first sign ofasospasin
differentiat
1) urine [Na] (> 20 in CSWx 10 mmol/Li kidneys trying to conserve sodium)
2) CVP - SIADH and cerebral salt wasting (CSW) look similar in labs SIADH causes
hypervolemiaand CSW causés/povolemia(CVP < 5)
1 treament
SIADH i fluid restriction
CSWi fluid repletion withnormal saline or slightly hypertonic (1.53%) NaClat rates
above maintenance requiremertgdrocortisone fludrocortisong salt tabs
1 hyponatremic patients hagimes incidence of delayed cerebral infarctiti,an normonatremic
patients!
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ACUTE NEUROGENIC PULMONARY EDEMA

1 unrelated to HHH therapy.
1 almost universal in severe SAH
1 H: gentlediuresis dobutaming PEEP.

Patients undergoing tripiel therapy can develogardiogenic pulmonary edemaas they "fall
off* Starling curve with volumexpansioh

NEUROGENIC STUNNED MYOCARDIUM (S. TAKOTSUBO CARDIOMYOPATHY )

- myocardial hypokinesié Bjection fractioh not attributable to coronary artery disease or myocardial
abnormalities.
T putative mechanisniypothalamic ischemi#¥ | oc al ( catedhaaminasurggegk 2

days to 2 weeks post SAH


http://www.neurosurgeryresident.net/USMLE%202/Urogenital%20system%20(2401-2700)/2514.%20Water%20&%20NaCl%20disorders.pdf#TREATMENT_HYPONATREMIA

clinically: hypotensiol may be ¢ o mp e nGHg tarehgthmimy Yy SV R)
reverses completely in most casathin about 5 days10% progress to Ml.

diagnosisasMI on echocardiographgind EKGbut cardiac enzymetend to be lower than
expected for degree of myocardi@pairment

1 treatmentboBUTAMINE (for SBP < 90 antbw SVR), MILRINONE (for SBP > 90 andiormal or
increased SVR esp. i f patblockery i s on chronic b

Neurogeni c sympat darbythinias (90% patientg)oybdardial ischembé(cardiac

Myonecrosis)

1 most prevalent in first 48 hours.

1 HHH therapyto prevent cerebral ischemia may exd@temyocardialischemiatherapy for
myocardial ischemianftrateg may increase ICBnd exacerbateerebralischemia.

1 2D echocardiographyis more sensitive in detecting myocaidschemia than is ECG

EJE

CAVERNOUS-CAROTID aneurysm rupture typically producegrotid-cavernous fistula(rather than
SAH).

Heparin-induced thrombocytopenia, DVT- occur nfrequently but not uncommonly.

TREATMENT

Three factors that improve outcome
1) early referral to hospital that has physicians experienced in treating aneurysms
2) urgent aneurysntreatment
3) aggressivereatment offasospasm

1. SAH per se treatment
Vasospasm preventignimodipine, pravastatin, Mg sulfate}

REGIMEN

i darkquiet environment in IC{visitors are limited to immediate family;
I strict bed rest(no out of bed for any reasgimit number ofdaily visitors) for 2

weeksY gradually return to normal activities ovef ®eek.

Bed rest does not prevent rebleeding!
elevate head of bed at 30°
avoid straining during defecation
midazolam IV prior to procedures that may increase ICP.
frequent turning and calf compressions.

EVD
If GCS < 14 (esp. if blood in ventricleg)nsert EVD(drain continuously at 16mHO*; when
aneurysm is securéddrainat 0cmHO) *Greenberg recommends -5 mmHg

1 elevated ICPs require mannitol, etc.

1 d o rst@rtchallenging EVD until day 4.

1 d o rst@rtchallenging EVD if on vasopressors

1 d o rst@rtchallenging EVD until CSF output becomes < 100 mL/8 hr.

Guidelines for the Acute Treatment of Cerebral Edema in Neurocritical Care Patients (2020)

Speed of EVD weaning
Ramazan Jabbarliet aGradual External Ventricular Drainage Weaning Reduces The Risk of
Shunt Dependency After Aneurysmal Subarachnoid Hemorrhage: A Pooled Adabsitive
Neurosurgery, opy009, https://doi.org/10.1093/ons/opy009 Published: 26 February 2018

1 chronic posthemorrhagic hydrocephalus necessitating shunt placement is a common complicatit
of SAH.

1 two German university hospitals with different EVD management regimes (rapid weaning [RW] \
gradual weaning [GW} 455 and 510 SAH survivor patients.

1 patients with GW were less likely to develop shunt depecg€27.5% vs 34.7%, P = .018);
multivariate analysis confirmed independent association between RW regime and shunt
dependency (P =.026).

1 shuntdependent SAH patients undergoing GW required significantly longer time until shunting
(mean 29.8 vs 21.7 d, P <.001) and hospitgl Gteean 39 vs 34.4 d, P = .03).

1 patients with GW were at higher risk for secondary shunt placement after $ulcodtssl

weaning (P = .001).

risk of CSF infectiorwas not associated with the weaning regime (15.3% vs 12.9%, P = .307).

a the expense dbnger treatmeniGW may decrease thesk of shunt dependenafter SAH

without an additional risk for infectiondue to the risk of secondary shunt dependency, SAH

patients with GW require proper posthospital neurological care.

= =4

1 clears blood from basal cisterns (vs. EVD is more efficient for intraventricular blood).
1 there are centers that place (& 5 mL/hr)along with EVD to improve outcomes.

Systematic Review
PanniP et al.Lumbar drainage and delayed cerebral ischemia in aneurysmal subarachnoid
hemorrhage: a systematic revieWwNeurosurg Sci. 2017 Dec;61(6):6632. doi:
10.23736/S03968616.16.0315D. Epub 2015 Feb 4.

1 lumbardrainagewas associated with lower rates of symptomatic vasospasm or delayed cerebral
ischemia (20% vs. 45%,€0.001) and higher rates of favorable outcome (79.4% vs. 604% P
0.001)

EARLYDRAIN trial
Stefan Wolf et al. Effectiveness of Lumbar Cerebrospinal Fluid Drain Among Patients With
Aneurysmal Subarachnoid Hemorrhage A Randomized Clinical Trial. JAMA Neurol. Published
online June 18, 2023

lumbar drainage with 5 mL per hour was started within 72 housg\bf.

multicenter, parallegroup, operabel randomized clinical trial with blinded end point evaluation
conducted at 19 centers in1@®&any, Switzerland, and Canada.

1 287 adult patients with acu&SAH of all clinical grades 144 patients were randomized to receive
an additional lumbar draiws 143 patents to standard of care only.

E

Outcome LD No LD
Unfavorable outcome (MRS@® at 6 mos | 32.6% 44.8%
Secondary infarctions at discharge 28.5% 39.9%



file:///C:/Dropbox/Neuroscience/S.%20Symptoms,%20Signs,%20Syndromes/S50-64.%20Intracranial%20pressure,%20Brain%20edema,%20Herniation,%20Hydrocephaly/S52.%20Cerebral%20Edema.pdf%23Guidelines
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No nicotine patcHor smokers!
antacidye.g.FAMOTIDINE)
antiemeticge.g.PROMETHAZINE, ONDANSETRON
Avoid phenothiazineslower seizure threshold
stool softenerge.g.DOCUSATE); bedsidecommode requires less straig than bed pan and is
preferred for patients who are able to get out of bed.

IV FLUIDS

i use only isotonic solutions (to minimize cerebral edema).

T
T

early aggressive fluid therapy to head off cerebral salt wasting: NS + 20 mAga€@ ml/kg/hr
(typically 146150 mthr)
if Hct <40% give 500 ml 06% albumin over 4 hrs upon admission

HEADACHE

i the best ig-ioricet® (Dr. Rivetavoids it due to caffeinierisk of vasospasm)

T
T

in general, medications are not helpful with headache.
avoidNSAIDs (bleeding risk however, if aneurysm is securegl)PROFEN is OK*), avoid
sedativeandopioids(unless patient is with clear sensorium)

*Some USEXETOROLAC (Torado) 15mgg6h x3 days maximum
in acute crisisFENTANYL is OKT short actingand does not release histamine (does not elevate
ICP)!

Avoid Demerol®- lowers seizure threshold
glucocorticoids (e.g.DEXAMETHASONE 2 mg q 8 hrsjnay help reduce head & neck ache (irritative
effect of subarachnoid blood); no good evidence that they are neuroproteotitiee use is
controversiglmay also addnuscle relaxants(e.g.CYCLOBENZAPRINE).

T
T

SBP goal unsecure@neurysnx 130140 secured (cpped / coiled) 10A.60; up to 18220 (if
secured and in vasospasm)
maintainBP in range that allows for sufficieerebral perfusiori yet limits risk ofrebleeding
T Caantagonist¢NICARDIPINE**)/ b-blockers(LABETALOL) / HYDRALAZINE IV are
agent s o btartdohgadting ACEY
T most clinicians avoidiitrateS(NITROPRUSSIDE NITROGLYCERIN) which elevate ICP
*state of consciousness may be used as guide to level of cerebre
perfusion- administer hypotensive medications up to level that
patient begins to experience drowsiness.
**drug of 1% choice!

\ Always avoidHYPOVOLEMIA! \

Arterial-line indications hemodynamically unstable, stuporous or comaidiffesult to control

hypertension, requiring frequent laf@sg.ventilator patients)

T

pulmonaryartery catheteraka SwanfGanz catheter) is out of favor.

OXYGENATION

- must be adequate.

M

some experts target foady moderate hyperoxemia intubated patients; studies show no benefit
on outcomes.

ANTIEPILEPTICS

- controversial

T

=4 =4 -4

generalizedeizure may be devastatinggresence of tenuous aneury$meizures increase risk of
rebleeding!

AEDs are given by many authoritiasleast for Wweek postop

Keppra® (EVETIRACETAM): start with 500 mg PO or IV q 12 hours

alternative- PHENYTOIN (load with 17 mg/kgmaintenance of 100 mg TID)

some prophylaxis is provided by barbiturateg.(BHENOBARBITAL) when given for sedation or
burstsuppression.

FEVER CONTROL

T
T

normothermia, particularly in immediap®st evenperiod (14 days), is crucial, and lack of
maintenancenay negatively affect outcomes.

very aggressive fever control (beyond Tylenol and external cooling measures) may improve
outcomeswithout causing significant harrmgybep neumaoni ay)

NOT TO USE

T

T

antifibrinolytics (e.g. tranexamic acidgduce rebleedinfjom 19-24%to 9-11% butdo not
improveor even worseputcome

1) del ay cl ot | yhgdroseph¥lu¥v cereboaiscizesim

2) all sort of ischemic complications

Vermeulen Met al. Antifibrinolytic treatment in subarachnoid hemorrhage. N Engl J Med 1984
Aug 16; 311: 43%
A randomised, placeboontrolled, doublélind study in 479 patients with
subarachnoithemorrhagehowed a significant (p < 0.001) reduction in the rate of
rebleeding (from 24% in placekiceated patients to 9% in those who received
intravenous tranexamic acid 6 g/day for the first week and 4 g/day thereafter for up to
weeks, with some patients rédag oral therapy at a dosage of 6 g/day for the third
and fourth weeks). Treatment was started within 72 houngmbrrhagén all patients.
Overall outcomavas not improved after 3 months, however, because of an increase in
the incidence of cerebrachemia(15% in the placebtreated group vs 24% in patients
who received active treatment).

Kassell NF, Torner JC, Adams Jr HP. Antifibrinolytic therapy in the acute period following

aneurysmal subarachnoid hemorrhage: preliminary observations from the Cooperative

Aneurysm Study. J Neurosurg 1984; 61:-326
In an analysis of 672 patients participating in the International Cooperative Study on
the Timing of Aneurysm Surgery, in which patients who received antifibrinolytic
therapy (tranexamic acid or EACA) and those who did not were compared, inhibition
of fibrinolysis was associated with a significant reduction in the rate of rebleeding (11.7
vs 19.4%; p = 0.01). However, significant increases in rates of ischaemic deficit (32.4
Vs 22.7%; p = 0.01) and hydrocephalus (13.5 vs 6.8%; p = 0.02) were also reported.

Findings of other studies published during the 1970s and early 1980s have been inconsistent i
terms of clinical benefit of tranexamic acid in these patients.

anticoagulantsandantiplatelets are contraindicated; exceptions:
1) heparin inprophylacticdoses



2) antiplatelets after stefassisted coiling (but usually it is not used in case patient will need
second surgerly shunt placementsome experts staftsrirIN after all coilings (even if
patient has EVD or may need EVD in near futuespecially if there is some coill
protrusion into vessel lumen.

Aspirin may be associated with reduced DCI risk
Posttreatment Antiplatelet Therapy Reduces Risk for Delayed Cerebral Ischemia due to
Aneurysmal Subarachnoid Hemorrhadéarvin Darkwah Oppong et alNeurosurgery, Volume
85, Issues, December 2019, Pages 88383

I aspirin useafter aneurysm treatmewas independently associated wittiluced DCI
risk (P <.001, adjusted odds rat?0.41, 95% confidence interval 0-465) and
favorable outcom@ =.02, adjusted odds ratiol.78, 95%confidence interval 1.06
2.98).

I aspirin was associated only withinor bleeding eveni@® = .02 vsP = .51 for major
bleeding events).

1 caffeine(e.g.Fioricel), nicotine patch vasopressini vasoconstrictor properties.

VASOSPASM prophylaxis

For all SAH patients!!

NIMODIPINE - Ca* chamel blocker

1 60 mg PO g4tor 30 mg PO g2h¢to avoid periodic dips in BP)

1 start within 96 h of SAHno effect on reversing chroniasspasm once that has started

N.B. doesnot alter radiographic vasospasm, and there is no statistically significant
differencein mortality, rowever,risk of strokes andutcomeare improved

for 21 dor until patient is discharged home in good neurological conditvbichever occurs first

early impressions thalMODIPINE prevents vasospasm have not been confirfinedactual

mechanism of action unknown but may invobrain protection against ischemiablocking C&*

influx into damaged neurons).

1 if capsule cannot be swalloweable can be made at both ends of capsule wiG b@edle, and
contents extracted into syringe Y empty col
with 30 mL isotonic saline.

1 contraindicationssystolic BP < 90 mmHg; sick sinus syndrome3°2AV block (except when

using pacemaker).

dosage is halved for liver failure

drug interactions

b-blockers- increased depressant effects on myocardium and AV conduction;
FENTANYL - may cause severe hypotension;
CIMETIDINE - may increase blood [nimodipine].
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British Aneurysm Nimodipine Trial
Pickard JD et al Effect of oral nimodipine on cerebral infarction and outcome after
subarachnoid haemorrhage: lish aneurysm nimodipine triaBMJ 1989 ; 298 : 636 642

1 class | evidence.

1 at 3 months nimodipineeducedhe incidence of
cerebral infarctiorby 1/3 (22% with nimodipinevs 33% with placebo, p = 0.014);
poor outcomeby 40%(20% vs 336, p < 0.001).

1 no significant effect omortality between the groups.

NEWTON (Nimodipine microparticlesto Enhance recovery Whilereducing TOxicity after

subarachNoid hemorrhage) study

1 EG-1962 (Edge Therapeutidsic.) - polymerbased microparticle containing nimodipine

1 delivered as single dose, delivers high and sustained concentrations of nimodipine-adaygr 21
period.

Althoughother calcium antagonistsuch aslICARDIPINE, have been investigatedCachrangeview

of 27 RCTs concluded that there was only evidence to supp@tdpbylactic use of nimodipine.
Dorhout Mees SM et aCalcium antagonists for subarachnoid haemorrhage. Cochrane
database of systematic reviews 2007 , Issue 3. Art no.: CD000277. DOI:
10.1002/14651858.CD000277.pub3

STATINsfor 21 day.
SIMVASTATIN 80 mg/di probably most effective!
PRAVASTATIN 40 mg/d

Meta-Analysis
Xing Wang, Qi Gan, Chao You & Lu Ma. Effect of Statin Treatment in Patients with Aneurysme
Subarachnoid Hemorrhage: A Network Mé&aalysis. Neurocritical Care. 02 April 2024

13 trials involving 1,885 patients.

atorvastatin 20 mg (RR 0.68, 95% CI 0iB386), pravastatin 40 mg (RR 0.51, 95% CI 0BZ7),

and simvastatin 80 mg (RR 0.54, 95% CI 0@.G0) were superior to the placebo in preventing

DCI.

1 additionally, simvastatin 80 mg (RR 0.60, 95% CI 0.@384) and pravastatin 40 mg (RR 0.56,
95% C1 0.320.93) were associated with a decreased risk of DCI than simvastatin 40 mg.

1 shortterm (RR 0.62, 95% CI 0.50.76) statin therapyeduced risk of DCI

= =

Pravastatin in the prevention of vasospasm
Tseng MY et aEffects of acute treatment with pravastatin on cerebral vasospasm,
autoregulation, and delayed ischemic deficits after aneurysmal subarachnoid hemorrhage: a
phase Il randomized placefmmntrolled trial. Stroke 2005; 36 : 162471632

Placebo Pravastatin  Degree of Statistical
group change significance
Vasospasm on TCD 25% 17% -32% p = 0.006
Severevasospasm ..................................................... o ; %—42%,0:0044
Duration of severe vasospasm 1.2 days 0.5 days —0.8 days p = 0.068
Period of impaired ipsilateral 5.3 days 3 days —2.4 days p=0.011

cerebral autoregulation

1 trend for more pospperative deficits in the pravastatin group (p = 0.115) but a tremddie
deaths in the placebo group (again, not significant).

1 pravastatin reduced vasospassgtated DIDsy 83 % (p < 0.001) andnortality by 75 % (p =
0.037).

1 beneficial effects were still present at 6 months (Tseng et al. 2007).

Simvastatin in Aneurysmal Subarachnoid Hemorrhage (STASH)

Peter Kirkpatrick"There isno place fothe generalized treatment 8AH patients withsimvastatin
during the acute stages."
Z
High Dose Simvastatin in Subarachnoid Hemorrhage (HDS-SAH)
40 mg vs80 mg of simvastatin.
G Wong, MD: no difference between the 2 doses


http://www.medscape.com/viewarticle/824943

Simvastatin, 40 mg (n Simvastatin, 80 mg (n  Odds Ratio

Endpoint

=124) (%) =131) (%) (95% Cl)
Delayed ischemic

24 27 1.2(07-2.0)
deficit
Clinical vasospasm 12 15 12(06-2.5)
Delayed cerebral

17 16 1.0 (0.5-18)
infarction
Favorable mRS

72 73 11(0.6 -1.9)

score (0 - 2)

MAGNESIUM sulfate 64 mmol/dIVI for 14 days neuroprotective agenbeneficial for treatment of
eclampsia, which shares pathophysiological mechanisms with delayed cerebral ischemia after
aneurysmaSAH.

No clinical benefit in SAH!

Magnesium for Aneurysmal Subarachnoid Hemorrhagetrial (MASH-2)

1 safe buno benefitcompared with placeb@ndno subgroup of patients who might benefit from
magnesium
IV Magnesium May Do More Harm Than Good in Subarachnoid Hemorrhage:
http://www.medscape.com/viewarticle/723797?src=mpnews&spon=26&uac=121060BZ

Prophylactic intravenous magnesium sulfate for treatment of aneurysmal subarachnoid
hemorrhage: a randomized, placebontrolled, clinical study.:
http://www.medscape.com/medline/abstract/20228677?cid=med&src=nlbest

Intravenous Magnesium Sulphate for Aneurysmal Subarachnoid Hemorrhage (IMASH): a
randomized, doublblinded, placebecontrolled, multicenter phase Il trial.:
http://www.medscape.com/medline/abstract/20378868?cid=med&src=nlbest

CLAZOSENTAN (PivLAZ ®) - intravenousendothelin receptor antagonist

No clinical benefit in SAH!
CONSCIOUS-2: No Benefiof Clazosentan on Vasospasm After SAH:
http://www.medscape.com/viewarticle/737674?src=mpnews&spon=26

FASUDIL - Rho kinase (ROCK) inhibiterapproved in Japan for treatment of cerebral vasospasm

after aneurysm rupture

1 may reduce lesion burden in patients with cerebral cavernous malformation (CCM), study in mic
suggests.

Clot removal duringsurgery; irrigationvia EVD or cisterncEVD or LD drainage(up to
subarachnoid irrigation with thrombolytic agents

Intrathecal urokinase + nimodipine
Overstijns, Manowet al Active Blood Clearance and Delayed Cerebral Ischemia Prevention
Therapy Reduces Shebependent Hydrocephalus in Patients With Aneurysmal Subarachnoid

Hemorrhage. Neurosurgery, September 29, 2025.

Active Blood Clearance and Delayed Cerebral Ischemia Prevention (ABCD) Therapy
Reduces Shunt-Dependent Hydrocephalus in Patients with Aneurysmal Subarachnoid

Hemorrhage
Objective ABCD configurations Results
Does Active Blood Clearance and Delayed ¥ f @ '-"
cerebral ischemia prevention (ABCD) = 4 )
therapy reduce the incidence of chronic | N /ﬂl S Stereotactic ABCD Duration  Shunt decision Follow-up
: U (3 ventriculo —
shunt-dependent hydrocephalus (CSH) in :2 S SBiefriceloriy ~21 days = 21 days ETronithe
patients with aneurysmal subarachnoid v
hemorrhage (aSAH) ? — 4. IR i
Methods | !f\.{g . Cisterno E"i : e e E 6
ABCD therapy combines intrathecal | & eninciiostony, i ‘ ¢
urokinase and nimodipine irrigation to % it o % i
enhance blood clearance and prevent :-; V= : ‘ 3 T
vasospasm using one of four personalized m ‘ H
catheter applications: Y/ Lumboventricular v e wwoww o Limm LTI S CO
Without Development / S O Hijdra group (score)
Vasospasms of Vasospasms —— 4 & .
and/or DCI and/or DCI uof During 6 months, Incidence of CSH in 160 patients treated with ABCD
Day0: Diagnosis of y were compared with 160 matched patients receiving standard care.
asAH "’V::v”:fg'l’"" oS WS ' ABCD therapy is associated In patients with high blood
Urokiness Stor pihac ] with a significantly lower ~ load (Hijdra group 4, score
_Day0:4: Begin Nimodipine, end of @R\ incidence of CSH compared with ~ 30—42), CSH incidence
o Treatment ([ cone/Rger WD | Lumbolumbar  standard care (19.4% vs. dropped from 45.8% to
Day 9:+2: End of (& T 31.3%, p=0.015). 22.5% (p = 0.026).
Urokinase, isolated ) ~ |
i g « )35 Conclusion
Treatment duration: ‘,} ‘;\!
Dax 21 End of finger bt ABCD therapy significantly reduces the risk of shunt-
solutionTherapy, One of four catheter-based ABCD dependent hydrocephalus after aSAH, particularly in
ABCD protocol depicting 21 days of intrathecal therapies was chosen based on anatomy,  patients with a high amount of extravasated blood.

irrigation blood amount and physician judgment.

Triple H therapy i not recommendehs prophylaxig)

IMPROVES (Intensive M anagement of Blood Pressure or Volume Expansion in
Subarachnoid Hemorrhage) - volume expansioror blood pressure augmentatiorfor
prevention ofdelayed cerebral ischemigid not result in significant differencas
neuropsychological outcomes at 6 monthspatients with normovolemia and normotension;
i blood pressure augmentatiorwas associated witworse neurobehavioral outcome;
i hypervolemia causedi-fold increase in risk of adverse event

VASOSPASM treatment

1. DropEVD drainage to O, intrathecaNICARDIPINE.

2. AggressiveHdHH s. hyperdynamictherapy, hemodynamic augmentationaims to maintain
cerebral perfusion pressure in setting of impaired cerebrovascular autoregulation):
N.B. modern approadhmainly induced HTNshift away from aggressive
hypervolemia, active hemodilution)
1) hypertension(DOPAMINE, NOREPINEPHRINE) I keepMAP 70-130 mmHg, systolic BP high
(e.g. B0-240 mmHg 160 mmHg if aneurysm is unsecuyed
- if tachycardia> 140150 addPHENY LEPHRINE.
- if SBP still low (esp.if SVR > 800 and PCWE2-14 mmHdg ), addDOBUTAMINE.
*in severe vasospasm may increase t@18&mHg(risk of pulmonary edemal!)
2) hypervolemia( t ar g et m@NGA N& > 200 mL/hr(plus,boluses otolloid, e.g.
ALBUMIN**); if UO > 200 ni./hr Greenberg recommends DDAVP; some add
FLUDROCORTISONE.

*change to %2NS if [Na] > 150



** ALISAH study: ALBUMIN in doses up to 1.25 g/kgk¥ daysis
tolerated and may be neuroprotectiveSAH.
DEXTRAN andHETASTARCHarenot used may induce coagulopathy
3) hemodilution (optimalhematocritis 30-33%); for Hct < 25% givgpacked RBCs
MANNITOL 20% at 0.25 gm/kg/hr may improvieeologicalproperties

N.B. use ofpRBCtransfusion to treat anemmreasonable, although optimal
hemogb bi n goal i's still undetermined ( ma

central venous pressure (CVPshould be maintained at 12 mmHg.

SwanGanz catheterizatioms indicated targetpulmonary capillary wedge pressure
(PCWP)t01420mmHg( i n nor mowvl@mmHgj.a a 10

1 risks ofHHH therapy

1) rebleedingif aneurysm is still not treateq!

2) pulmonary edema

3) myocardal ischemia

4) dilutional hyponatremia
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3. DANTROLENE (ryanodine receptor blockemediates intracellular calcium release from
sarcoplasmic reticulujr one of the few drugs shown to both prevent and reverse vasaspasm

Hypertension/hypervolemia for symptomatic vasospasm
Kassell NF et alTreatment of ischaemic deficits from vasospasm with intravascular volume
expansion and induced arterial hypertension. Neurosurgery 1982 ; 11i1: 333

Permanent improvement in neurological deficit 74%

Nochangemdeﬂcns ........................................................................................................................ o
Detenoranon e
P comphcanons Aneurysma| e (19%)

Pulmonary cedema (17%)

Most common cause of treatment failure Established infarction (17%)

1 reversal of de€its was seen within 1 h in 84
1 HH is most effective for patients with mild deficits

REFRACTORY VASOSPASM

Y endovascular methods
a) transluminal balloon angioplastyi method of choicéor proximal vessels
(contraindicated if stroke already happened)
b) intra-arterial medications(for vasospasm idistal vasculaturewhere balloons may not
access)
VERAPAMIL T 8 mg injected over 2 min; takes 30 min for full effexftect lasts 24 hrs
MILRINONE
NICARDIPINE T 10-40 mg peprocedure
PAPAVERINE - 200-300 mg infused over 30 minsffectshortlived, more adversside
effects than angioplasty; largely abandoned becausaitéd success.

ProTOCOL

TCDycl ose to 200) Y 't makipumehergpy foribfhouss; if stlpt o mat i ¢
symptomatic .Y angiography

2. ANEURYSM treatment

Unruptured (incidental) aneurysm$
All ruptured aneurysms are treated to avoid disastrous rebleédirggexceptionshemodynamic
instability, extreme old age, clinical condition approaching brain death)

H&H gradeb:
ayjust SAH Y EVD only; if status improves Y
by big I CH, thick SAH clot Y be aggressive

1 ruptured aneurysm is treat@@AP (ideally within 24 hof SAH) (to prevent rebleedirfgand to

allow HHH therapy for vasospasm) even in patients wigid grade 5.
I rareexceptions hemodynamic instability, extreme old age, clinical condition
approaching brain death
I possible anothexxceptioni ruptured basilar tip aneurysisome experts recommend
wait for 1014 days)
I in absence of compressing hematoma, ribisnecessary to operate during nighttime
*e.g. pregnant patientsiisk of rebleeding during delivery when
aneurysms are unclipped
 formerly, surgery was delayed untit3* week after SAHargumentsagainst early surgery
1) edemaandinflammation(makebrainfriable for retraction injuryjare most severe
immediately following SAH
2) presence of solid clot complicates surgery.
3) risk of intraoperative rupture of fragile aneurysm.
4) risk of vasospasm due to mechanotrauma to vessels.

Although operative mortality (of early surgery) is highgr,

e
overall mortality rate is lower (than of delayed surgery)

| Classicahonoperativavindow isdays 312 |
f  some saylo not delay treatment, if patient presedts 1 0 afteaSAK
1 treatmentafter 10 daysis associated with worse outcome (regardless of treatment mpdality
i if there isdelay in aneurysm treatmerglussignificant risk for rebleedingapnd no
compelling medical contraindications shortterm (< 72 hoursyRANEXAMIC ACID Of
AMINOCAPROIC ACID (Class lla, Level B)
i patient present®7 daysafter SAHi coiling has better results (after day 9, coiling =
clipping).

I nter national Cooper ative Study on the Timing of Aneurysm Surgery
Kassell NF et alThe International Cooperative Study on the Timing of Aneurysm Surgery. Part
1: overall management resultsN&urosurg 1990 ; 73 : 1B 36
Kassell NF et alThe International Cooperative Study on the Timing of Aneurysm Surgery. Part
2: surgical results. J Neurosurg 1990 ; 7 3 : 1347

3521SAH patientsadmitted within3 days since blee@3%, ie.2922 had aneurysm surgery)

68 centers in 14 countries (24 in USA).

only 6 months of follow up.

conclusions:
good grade Y early surgery by day 3.
poor gradeplder age, prexisting medical conditions v er y p o o rshopld ndlgen o s
operated on before day 10.
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I main difference today is that we now have thearpof endovascular treatmermaifien
performed on poorer grade patients within vasospastic period, largelydeeit is less
risky to do so)

i early surgery decreases risk of rebleeding does not prevent vasospasm (however,
vasospasm can be treated aggressively)

i risk of waiting for delayed surgery: 12% rebleeding, 30% vasospasm with DIND.

METHODS, COMPARISON OF

N.B. whereas coiling is somewhat safer than clipping for both ruptured and unruptured
aneurysms (at least in acute perioperative perioghpiolg is slightly more durable.

Practice guideline: Aneurysm treatment decisions:

Level C: Treatment decisions shouldrbeltidisciplinary(made by experienced cerebrovascular and
endovascular specialists) based on characteristics of the patient and aneurysm.

Level C:Clipping may receive increased consideration in patients presentinggwith(> 50 ml)
intraparenchymal hematomasdMCA aneurysms.

Level C:Coiling may receive increased consideration indhkerly (> 70 yo,)in those presenting with
poorgrade WENS (1V/V) and inbasilar apexaneurysms.

Level B: For patients with ruptured aneurysms judged to be technically amenable to both coiling an
clipping, coiling should be considered

Coiling carries lower risk ofasospam (due to endothelial damage during angiographic manipulation
Y Il ess endothelin release?)

Long-termrebleedrates might be slightly higher gwoiling; thus, in patients < 40 ydipping might be
beter (easier postop recovery, live longer)

Clipping better eliminatesymptomatic mass effecteated by aneurysm.
i if aneurysm contacts cranial nerve (causing neuropathy) it is more important tagdimin
pulsations than mass itself (so coiling may be therapeutic as well)

Seizured no consensus which method is better (ISAT suggedliag is better)
1 MCA aneurysm location increased risk of seizures in both groups.

Hydrocephalu$ suggestion (unconfirmed by many studies)ipping is better.

Pregnancy- no studies have directly compared clipping versus cailing

Morbidity and mortalit{ st rongly correl ates with patiento
clipping of unruptured aneurysnismorbidity 410.9%, mortality 13% (higher for

ruptured aneurysmsut still < 5%.
coiling of aneurysms$ morbidity 3.75.3%, mortality 1.11.5%.

Long term outcomes ar similadecision toclip or coil should be
made on individual basisd on 6t f orce one|or another

UNRUPTURED aneurysms

| nter national Study of Unruptured Intracranial Aneurysms (I1SUIA)

in patients with no prior history of subarachnoid hemorrhage, thelbYgramorbidity and mortality:
12.6%- clipping
9.8% - colling.

RUPTURED aneurysms- four randomized controlled trials

Rebleed?: Rebleed?: Complete Complete Retreat- Retreat-
Clip Coil occlusion: occlusion: ment: Clip ment: Coil
Clip Coil

Finnish 0% 0% 73.7%b 50%P 7% 23.1%
ISAT 1.0% 2.6% 82% 66% 4.2% 15.1%
ISAT:C 0.3%* 0.9%* n/a n/a _ _
ISAT (¢ 0.4% 1.6% n/a n/a _ _
Chinese 3.3% 3.2% 83.7%" 64.9%" _ _—
BRATd 0.8%¢ 0% 85% 58% 4.5%" 10.6%*
BRAT;d 0% 0% 87% 52% 5%* 13%*

*statistically significant difference (p<0.05)

dRebleeding from target aneurysm after first procedure

bResult achieved after treatment during first hospitalization

ISATs & ISAT;q refer to the 5- and 10-year follow-up studies. Rebleeding results for these studies refer to
recurrent SAH after the 15t year of follow-up

dBRAT; refers to the 3-year follow-up study. BRAT & BRAT; are “as-treated” results

®Both rebleeding events occurred during the initial hospitalization

N.B. each study hasethodological shortcomings!

I nter national Subarachnoid Aneurysm trial (1SAT)
Molyneux A , Kerr R, Stratton |, Sandercock P, Clarke M, Shrimpton J , Holman R ;
International Subarachnoid Aneurysm Trial (ISAT) Collaborative Group . International
Subarachnoid Aneurysm Trial (ISAT) of neurosurgical clipping versus endovascuiag il
2143 patients with ruptured intracranial aneurysms: a randomised trialcea2002 ; 3 60 :
12677 1274.

Largest trial!
1-yr disability or death:
30.9%- clipping
23.5%- coiling
1 class 1 evidence that has a greater impact on treatment of ruphe@ysms than any
other study; trial haked to a huge shift from surgery to endovascular treatmesatme
centers
2143 patiats (1073 coiled, 1070 clipped), years 12902
inclusiors: SAH within 28 daysjood enough clinical state to justify treatmemeurysms
judged to be suitable for either technique (opinion of both surgeon and neuroradiologist)
with equipoise regardg which method would be best.
1 rates ofrebleedingare higher aftecoiling (2.9% vs 0.9%no statistical significance at 1 yr)
butpoor outcomes (mortality, dependenasd more common aftetipping (coiling gives
22.6% relative risk reduction for poor outcome):
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Outcome Endovascular Surgical

Incidence of death or dependence (mRS 3-6) 23.5% 30.9% at 1yr; p<0.002
Mortality at 1 year 85 105
e reb\eedmg e w7(7) B 28(19) .
(fatality in brackets) Rebleed<1year R 45(22) B 39(24) .
Rebleed>1year R 7(2) B 2(2) .
Re-treatment rate <1 year 121 32
e >1year e
Complete L

first follow-up angiography
1 best modality is usually apparent (only 20% aneurysms in ISAT had a true clinic equipois

1 critique
1) trial is biased towardsmall anterior circulation aneurysmg¢97.5%).
2) it i s not a trial wsthe ldest possible ensidavasqulars s i b
treatment 6 btuhe abdgti adptoif o whiadi.e.trialr an
compares good interventional neur or a

thanneurosurgeorh o 6éconcentrated )on neur ova:
3) primary endpoints were measuradl year

0 surgical group may just be slower to recover

o late rebleed rate in the endovascular group is 0.21 % per payteamt/s.
0.063 % in the surgical group

o ISAT investigators surgery may be better ®m40-50yrs group(poor
outcome at 1 year is much less in surgical gyoup

o what happens after 1 year (rebleeding)?

CLIPPING , MICROSURGICAL

- clip across neck of aneurysmno exclude aneurysm from circulation (without occluding normal
vesseld parent vessel preservatiol).

1 Dandy performed first successful clipping in 1937, using clip designed by Harvey Cushing
1 all clips after 2000 are made of titaniinMRI compatible

INDICATIONS

1) wide aneurysm nedfas is often in MCA bifurcation aneurysmsjreshold for choosing
coiling vs. clipping isl : 2 neck to corpus ratar > 4 mm neckalternativel stent
assisteetoiling

N.B. if aneurysm is at vessel bifurcation (would need two stents in Y or X
configuration)i use specializetifurcation stents(pCONus, PulseRider) or
endosaccular flow disruptorée.g. WEB)

N.B. flow diverters (Pipeline) are not an option at bifurcations!

2) vessel branching offom domeor neck

3) associated SDH/ICK> 50 mL)that needsurgicalevacuation.

4) younger patient

APPROACH

Plan approach so can access aneurysm neck before il@metheck preop which
direction aneurysm is pointing)

ANTERIOR CIRCULATION aneurysms pterional(fronto-temporal)- supine with head rotation:
PComAi 30 degrees
MCA i 45 degrees
AComA* T 60 degrees

*alternatives’ subfrontal, anterior interhemispheric
A2 and more distal aneurysmanterior interhemispheric

POSTERIOR CIRCULATIONaneurysms:
1 BA bifurcation (basilar tip) i depends on BA bifurcation height:

above dorsum sellae
a) modified pterionalright side preferreiranssylvianYas ar gi | s appr oa:
b) subfrontalthrough3™ ventricle via lamina terminalis

below dorsum sellaesubtempora{ c | as s i ¢ D r with gphittig tanorium o a «

behindCN4

BA trunk - posterior subtemporaDZ
lower BA, midline VA - lateral suboccipital transcondylar
PICA - far lateral inferior
VA where it pierces dura- midline suboccipital
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PRECLIPING

Measures fOCEREBRAL PROTECTION(SUrgery often requires temporarguetion / suspension of
cerebral blood flow, either regiatly or globally):
1) continuousEEG monitoring
2) hyperosmolar agents 20%MANNITOL 1 g/kg IV 5 min prior to temporary clipping of
parent artery protects ischemic cerebral tissues from infarction for 30 min.
3) anesthetic agentsiSOFLURANE - preferred anesthetic agent for aneurysm surgery
effective in protecting against infarction during temporary ischemia.
4) barbiturates - better protective effects than other anesthetic ageatistribute blood

flow to ischemic regions ("reversed steal" phenoamg: THIOPENTAL (EEG burst

suppression is dosage end point).

5) hypothermia with cardiopulmonary bypass(rarely used} aneurysm can be openeuda
debulked in bloodless field;

I disadvantagé small perforating branches become transparent and blend unperceptive
with aneurysm wall so that origin of perforator near neck cannot be visualized (safe
dissection may be impossible); H: low perfusion rather than total circulatory arrest.

i bypass can be achieved &yyen thoracotomyr cannulation of femoral artery and
vein.

i times of estimated safe circulatory arrgdf) 37°C = 3.5 min, (2) 19°C = 31 min, (3)
13°C = 65 min; therefore, as much dissection as possible is completed before arrest i
instituted.

Details
1 pininradiolucent headholder (make sure anesthesia is deep, consider local anesthetic at pin sit
i all to prevent HTN and aneurysm rupture)
establish neurmonitoring (EEG, SSEP, MEP)
establisifemoral sheathfor angiography
if lots of blood clotsaroundi irrigate with saline.
useoperative microscope
awid excessive brain retractiexposure requiresufficient bony removal+ adequatérain
relaxation(CSF drainage, hyperventilation, mannitol)
*e.g.radical removal of sphenoid wingnterior clinoidor circle of Willis aneurysmsposterior
clinoid and flattening orbital rodbr posterior circulation aneurysms
1 first identify parent artery (for possible temporary clippinin event of aneurysmal rupture); e.g.
proximal carotid and AComaA if operating on PComaA.
1 incise arachnoid overlying aneurysm with tip of #11 blade.
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1 with small aneurysm dissector or spatateeurysm walls are dissectedway from perforating
vessels.
1 dissect aneurysm neck freéonly few mmi just enough for clip bladdjom feeding vesels
without rupturing aneurysmexploreneckalmostin its entirety
1 aneurysmal sac volume can be decreagdsoften aneurysm and facilitate manigide):
a) temporary clipgwith low closing force) on parent artery + aspiration of apem
sac (suction device placed over cotton pad)
b) systemic hypotension
1 mobilizeand inspectaneurysm in all directions for visualization of any perforating vessels (that
might inadvertently be ineporated by clip misplacement).
in ruptured cases, subarachndiot around dome is left undisturbed until aneurysm is secured
di ssection blindly wusing anéeur ybsl na dneesc ka nbdo rfid
for disaster
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CLIPPING

Clips are in various types, shapes, sizes, lengthdcurrentlyareMRI compatibletitanium (all clips
since 2008)
T giantaneurysms or aneurysms withicified neckrequire specialized clips with added
strength {andem or booster bolsterclips - add force to closing of original clip
T presence of calcium plaques across the neck or dome indicates potential need for
revascularization.
length of bladef a single occluding clip should 45 times the width of aneurysm base
use clipas small as possibleut
t 0o s paotial heck¥closur¥ turbulence within the sa¢ intraoperative ruptute
too long Y inadsumuntirnreassels ncl usi on of
jaws of clip applierare ofsame metalas clip, so as to avoid transfer of different metal type to clip.
clip distance from parent artery
too close to parent artely stenosisor tear in aneurysmal sac
i if tear does occur Y repair with clip g
T suturing in close proximity to aneurysm can result in damage to parent artery.
too far fromparent arteryY aneurysmal rest(even 2 mm may later expand and rupture
1 direction of clip

i if aneurysm is located atssel bifurcation making {like MCA bifurcation or ICA
terminus)i apply clip parallel (not perpendicular) to T tbpo minimize constriction.

i clip must be applied parallel to long axis of parent ve&sgl.for aneurysms originating
directly fromICA); as perpendicular clipping may lead to inadequate clip blades closure
and delayed clip displacement

i if clip slips down onto base (occludes parent vessel and/or branch) H: add second tandel
clip above it, then remove first clip.

1 fenestrated clipsmay be used to preserve adherent perforating vessels that cannot be safely
separated from aneurysm dame
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 closingpressurée per manent <c¢clips have a double cl osi
Temporary clips Permanent clips
Yasargil | 0.881.08N (90-110g) | 1.471.96 N (156180 9
Sugita | 0.69N (70 g) 1.27-1.47 N (130150 9

T closing pressure is the lowest la¢ ttip and maximum at the pivot
T angled, bayoneted, anddhaped clips have lower closing pressures than straight clips

I NTRAOPERATIVE ANEURYSMAL RUPTURE

Cerebral Aneurysm Rerupture After treatment (CARAT) study
Clipping | Coiling
Incidence of intraprocedural ruptur¢  7-35% 1-9%
Periprocedural death and disability] 1 8 Y 64%

Preparation

1 checkCTA preop (e.g. ifetal circulation,cannot sacrificComA)

1 type and cross 2 PRBC.

1 prep and drape neck for rapid carotid proximal cont(absolutely forophthalmic aneurysms
[need to surgically dissect ICA pregg}rongly recommended f®®ComA aneurysms)

Key moment in aneurysm surgdrgstablishment gbroximal vascular control!

a) where ICAbecomes intradural

b) whereVA first becomes intradural

c) extremely difficult for BA(transsylvian approach, expose
interpeduncul ar cistern by caudal

Prep neck ICA only for ICA aneurysms (x PComA), not even for ICA bifurcation

Measures to avoidnd management of TRAOPERATIVE ANEURYSMAL RUPTURE(principal surgical
complication):
I't is not the rupture that causes death a
actions that can be the difference between a good or poor outcome.

A. Duringinitial exposure (pre-dissectiori poor prognosis)
1) adequateanesthesigsystemic and locdl pin sites, incisioh
2) avoidance ofiypertension
3) avoidance otxcessiveCSFdrainage(EVD or LD) before dura is opened.
4) avoidance otxcessive use of drjlespecially during removal of lesser sphenoid wing,
can transmit vibrations to aneurysm dome

Management:

1. Induce hypotensiofincl. IV ADENOSINE) + administer neuroprotective agent (e.g.
PROPOFOL Or barbiturates to induce burst suppression)

2. Compress ICAin the neck through drapes

3. May resect portions of frontal or temporal lobesollow the jet of blood to its souragith
large bore suctiof pl ace | oose cotton ba-etainimgver t h
retractor gently placed on the cotton t
h a n d guickly dissect parent vessel (e gmiporary clip across ICA as it exits from
cavernous sinys

T at extreme, temporary clip may be dbl
arteries to briefly control overwhelming bleeding.

B. During aneurysm dissectionmajority of rupture cases):
1) lumbaVEVD CSF drainage
2) minimal brain retractioifesp. on lobe attached to dom@aramount in aneurysm surgery!
- use one blade only sai¢tainingretractor (e.g. Yasargil, Greenlge Sugita)
i opening of Syl vian f i ssnurree tdraantatgieosn os I
changes o postoperative CT
3) usesharp(vs. blunt)dissectiorfor Sylvian splitand aneurysm neck circumdissection
4) completelymobilizeaneurysm.
5) at final stages of aneurysm approach:
a. hyperventilation
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b. hypothermi34°C
c. systemic hypotension
d. focal hypotensiorianeurysm deflatior)with proximaltemporary clipon parent artery
(proxi mal | CA t awlthdéntaet tireles of \WillisBVIL anch BMapex e s
tolerate few minutesest tausetemporaryclip for 5 mins, then 2 minute reperfusjan
aspiration of aneumysm saqsuction device placed over cotton pgaday be combined
with systemic hypertension to increase collateral fmdETOMIDATE burst
suppression.
T if occlusion > 5 minutesf long segment of ICAs trapped administer 5000
HEPARIN IV to prevent thrombosis
T if requires> 20 min occlusionterminate surgery and consider either coiling or
come back with deep hypothermiaitculatory arresbr bypass grafting around
segment to be occluded.
*fighting with ananeurysm containing significant turgor leads to
premature ruptureearlytemporary regional vascular arrest aids in
dissection

Management:
1. Use twolarge boresuctionsto clear the fielduse the suction tip to follow the flow of
blood to the aneurysm
2. Tamponadewith cottonoid andyentlyappied suctiontip / retractor blade
3. Local circulatory arrestplacetemporary clip on parent vessé¢proximally and distally)
or rupture site oaineurysndome.
N.B. do not attempt definitive clippingnless adequate exposure has been
achieved! (else it can worsen tear, avulse surrounding perforators)
4. Hypotensionis rarely helpful and increases riskisthemia
N.B. much better to stacerebral protectant (e.g. etomidate burst suppressianyl
maintain normotension
5. Uncontrollable torrential bleeding | AWENOSINE to induce brief (3045 seconds)
cardiac arresY dissection and inspection of rupture point

C. Duringclip application
A) clip blade may penetrateeck or fracture atheroma at the netkeeding worsens as clip
bladesbecome approximategrompt opening and removal of clip at the first hint of bleeding
may minimizetearextentY utilize 2 suckers to determine iéfinitive clipping can be done
(betteri reapplytemporary clip)
N.B. bleeding after closure of clip blades raises suspicion of neck tear

Options for aneurysm neck tears:
a) SundtKees clip graft
b) cottonclipping technique:

B) too short clip bladesbleeding tends to abate as clip blades become approximasgct
blade tips to be certain that thgyan the breadth of neck (iot, a second longer clip is applied
parallel to the first, which may then be advarncetb verify thatblades are closely
approximated {inot, tandem clips may be neces3ary




C) if blades span neck OK, then bleeding cause is jpalialclosureof clip blades (e.g. due to
atherosclerosjsesp. ifclip is placed perpendicular to vegsél: second tandem clipeposition
clip

Finally, when no other option is available, megp aneurysm by occluding feedng vesseivith
permanent clips if poor collateral circulation is suspected, an extracranial to intracranialGEQr
intracranial to intracranial (IKIC) bypassis necessary.

AFTER CLIPPING

Doppler Y I C green angio Y completion DSA

INTRAOPERATIVEFLUORESCEINOI INDOCYANINE GREENANGIOGRAPHYS routinelyused (confirms
aneurysm occlusiof patency of nearby vessels);
T use is restricted to surfavessels.
i unreliable with giant or widaeck aneurysms or with thick walled atheroscleragissels
T may be preceded by intra@wpplerto insonate parent vessel and branches; if seem OK,
proceed witHCG angiography.
T if fluorescencBCG confirms obliteration of aneurysmimay penetrate dome to confirin
(false ngative results are not uncommon)
T alternative (or additionally*) immediatePOSTOPERATIVE ANGIOGRAPH®.g. While patient
is still on the table in hybrid suite)
*esp.i f patient wakes up wlgthusingew def i
fluoroscopy machine in nonhybrid OR)yives much more reliable info than
CTA (plus, CTA wastes more time)
1 gently operbasal cisternsnembrane of LiliequisY carefully remove as much of subarachnoid
blood as possiblésuction, laage, * cisternal infusion oPA).
advantages reducing likelihood of vasospasm & hydrocephalus;
disadvantagesclot aspiration is usually suboptimal + risk of iatrogenic trauma to pial
surfaces and small vessels.
i some experts sharply opemnina terminalito create a communication betwessh
ventricle and subarachnoid spdcelea refuted bynetaanalysisof 11 norrandomized
studies (hydrocephalus rates of 10% with fenestration compadeo without).

POSTOPERATIVELY

1 AED (e.g.LEVETIRACETAM) for 7 days, first dose preop.
9 after successful obliteration of ruptured aneurysm, patient remains at significant risk for
vasospasm, hydrocephalus, and medical complicatiomsst remain in ICU for at leastIO days

Outcomes, prognosedter clippingi see below

OPEN ALTERNATIVES TO SURGICAL CLIPPING

(if aneurysm cannot be clipped because of nature of aneurysm or poor medical condition):

a) wrapping (for dissecting aneurysmfusiform aneurysmswith plasticresins(slightly
better results) omuscleor fasciaor gauze(cotton or muslin) only modest benefits.

b) trapping (for fusiform aneurysn)s distal and proximal arterial interruption with direct
surgery (ligation or occlusion with cliphballoon occlusion tesassesses which cases
necessitatextracraniaiintracranial (EGIC) bypass to maintain flow distal to trapped
segment.

¢) Hunterian (proximal) ligation of parent artery (reduces intr@ascular pressure on
aneurysmy} for unclippablebroad-based omgiant aneurysmées. ICA in cavernous sinys
dissecting VA aneurysm

T check DSA for filling from contralateral side.

i balloon occlusiontesti f f &yipdssan ugment collateral flow

T adjustable clampggradual occlusion) allow time for colitl circulation to
increase.

d) aneurysm excision(for giant MCA aneurysms Y -te-andlor branch reconstruction of
parent artery.

ENDOVASCULAR SURGERY

BALL OON OCCLUSION OF FEEDING ARTERY

(e.g. for oncotic aneurysmspioneered in mid 1970s by Serbinenko at Moscow Institute of
Neurosurgery.

DIRECT OBLITERATION OF ANEURYSMAL LUMEN

Systems
a) detachable balloon(silicon and latex)

b) liquid embolic agents (glues)

c) GuaGLIELMI detachable coil(GDC) - primary treatment modality of aneurysms in many
centerst can be used to treat most aneurygimsially used for aneurysms not amenable to
surgical clipping).

1 FDA approved in 1995.
1 softflexible* platinum micro coils are detached from stainless steel guide by passing
very small direct current that causesadfolysis at solder junctionseparation occurs



within 2-10 minutes a#ir satisfactory coil placement (some newer generation coils
involve detachment strategies that do not involve electralysikes only 2680
seconds
*can be contoured to configuration of aneurysm
coil sizesrange 220 mm in diameter and20 cm in length.
coil induceselectrothrombosis positively charged electrode attracts negatively
charged blood components (WBCs, RBCs, platelets, fibrinogen).
platinum is 34 times more thrombogenic than stainless steel.
technical limitations aneurysms with wiel neck$ or complex morphologies.
*coils can protrude into parent vessel and can compromise it
(H: balloonassisted and steassisted coil placements)
1 high rates ofecurren@ secondary to coil compactiérsee below
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d) cPAX Aneurysm Treatment System(NeuroVasy) - FDA approved advantages:

1 can detach at any point chosendtpician (platinum coils hae fixed detachment
zong

1 continuous filling capabilitfdecreases number of devices and amount of time requirec
for treatment

1 polymeric material allows for noninvasiwR1 andCT without metallic artifact

e) HydroCoil Embolic System (HES; MicroVention, Inc) platinum core withintegrated
hydrogel;first generatiori exterior hydrogel coating difficult handling;second generation
expandable hydrogel within the cair(ce in contact with blood, expands to fill the lumen).

1 developed to reduce recurrence through enhancing pad&irgity and healing within
the aneurysm
T Hydrogel Endovascular Aneurysm Treatment Trial (HEAT@sting 29 generation
HES; randomized 600 patient2§% with ruptured aneurysms):
0 assist devicegballoons and stentsverepermitted at the discrein of the
performing physicianflow diverters, howeveryverenot permitted
o recurrenceccurred in 4.4% subjects in the HES arm and 15.4% subjects ir
thebare platinum coi{BPC)arm (P = .002).
o initial occlusion ratavas highewith BPC(17.8% vs 28.3%, P = .003).
o0 packing density and bothajor andminor recurrence rategere in favor of
HES.
0 secondary endpoini{@adverse events, retreatment, hemorrhage, mortality,
and clinical outcomyedid not differ between arms

Indicationsfor coiling:

a)
b)
c)
d)
e)
f)
)

poor clinical grade

medically unstable

increased surgical risk (e.g. cavernous sinus and many basilar tip aneurysms)
posterior circulation aneurysiigasilar artery aneurysms (practically impossible to clip)
norttortuous feeding vessels (i.e. endovascularly accessilelerysm)

early vasospasm

aneurysm without defined surgical neck (althoughetee also difficult to "coil");
threshold for choosing coiling vs. clipping is 1 : 2 neck to corpus ratio.

Coliling procedure

T
T
T
T

E N

E R ]

E

ideally under general anesthesia.

complete patient immobilizatiofand thus general anesthesgajnandatory.

arterial access vipuncture of femoral artery

HEPARIN boluslV (100 U/kg)to achieveactivated coagulation tinte 250 secondén

ruptured aneurysmgatientanay not receive heparin until first coil is deployed

6F guide catheteris placed in cervicdlCA or VA.

find projection that allows optimal visualization of parent artery in relation to aneurysm.

plastic microcatheter tip and Mic®Buide wire are shaped according to configuration of

aneurysm.

microcathetersarenavigated into aneurysm cavity usimggnified roaemapping

techniqugcomputergenerated technique that allows for reale visualization of

endovascular equipment superimposed over map of intracranial arteries).

microcatheter should not touch walls of aneurysm.

coils of decreasing sizes are delivered into aneurysm cavity and detached

first coil (framing coil)should be slightly smaller than diameter of aneurysm, and it should

cross neck of aneurysm several times to form receptacle.

ANGIOGRAMsSare obtained before each coil is detached to emsaservation of parent

vessel.

process is continued unititaximal angiographic obliteration of aneurysm cavity is

achieved.

i check percentage at

I complete packing of aneurysmal sac and neck is possible with small aneurysms.

i in larger aneurysms, neck cannot be occluded complebadyer risk of recurrence (H:
balloorrassistedr stentassistedechnique).

withdraw microcatheter cautiously from :

may reverse heparinization WitflROTAMINE.

patient is transferred to neurologic ICU.

some experts stassPiRIN immediately (was important with older gaation more

thrombogenic coils; now only if coils are too close to normal vessel lumen)

Techniques for Stent Assisted Coil Embolization of Aneurysms

STENT-ASSISTED COILING (SAC)

- results in significantly lower rates of recanalization and rehemorrhage

Indication- " wide neck" aneurysm:
a) neck width> 4 mm
b) dometo-neck ratio< 2

N.B. if aneurysm is at vessel bifurcation (would need two stents in Y or X
configuration)i usespecializedifurcation stents(pCONus PulseRiderpr
endosaccular flow disruptor¢e.g. WEB)

Generally, not used foupturedaneurysm$ because unable to use antiplatelets after
procedure(not due to rebleeding risk* but if patient will neldasEVD** or shunting)
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*aneurysmal bleeding is arterial and unaffected by platelet function
**alternative, if has already EVD,trim EVD at skull level and come back 6
months later (no longer on duahtiplatelet) to retrieve EVD

stentprevents coil protrusionnto parent vesselallows for coil embolization ofvide-
necked aneurysntlat might otherwise not be amable to endovascular therapy.
stentallows denser coil packing

addsneed fordual antiplatelet therapypredisposgto ddayed hemorrhagic complications;
discontinuation of dual antiplatelet therapydelayed thromboembolic complications.

Bifurcation stents



http://www.angiocalc.com/
http://www.medscape.com/viewarticle/770793?src=mp
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PulseRider- self-expanding (retrievabldjame that opens to conform to vessel waltames in
T and Y configurations (to match bifurcation geometry)

pCONus device(Phenox)- stent acts agdevice for aneurysm neck protectifum wide-neck
aneurysntoiling, e.g.at MCA bifurcation (traditionally, treated surgically):
1 advantageous if aneurysm is at vessel bifurcation (otherwise, would need two stents in Y
X configuration)

pCONus Bifurcation Aneurysm Implant

Facilitating complex treatment of wide neck aneurysms

pCONus Crown pCONus Cell Structure pCONus Electrolytic Detachment

al to artery Full deployment and recovery

d

BALLOON -ASSISTED COILING (BAC)

1 rates of hemorrhagic, thromboembolic, and overall procedural complications, plus rate of
favorable outcomes are not significantly different between SAC and BAC.

ENDOSACCULAR FLOW -DISRUPTORS

- act fromwithin the lesions.
9 advantageoud aneurysm is atessebifurcation(otherwisewould need two stents in Y or
X configuratior), wide-neck.
9 dual antiplatelet therapy is not requirédcan use for ruptured aneurysms!

Woven EndoBridge (WEB; Microvention, Aliso Viejo, California)
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DIVERTING ENDOLUMINAL STENTS

I operate from within thparent artery, i.e. doot catheterize aneurysm sareduced risk of rupture!
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Termiiflow diverterdo may be a misnomerhough thelow divertermay contribute to

the initial thrombus formation in the aneurysm, the final sequestration of the aneurysn
from the parent vessel occusly with endothelialization this could be the reason

why the devices may not work as well in the elderly, where the endothelium may not
have the same regenerative capacity, or in thrombosed aneurysms, where inflammatc
mediators and proteases secreted by the thrombus impede eatintiein.

1 mechanism of actiarprovide a scaffold for endothelial celilgrowthat the aneurysmal neck
while inducing intraaneurysmal thrombosidimetallic microfabricate braid provides
flexible yet supportive structure across aneurysm neckffolding promoteendothelial
re-pavementexcluding aneurysm from circulation.

Silk flow diverter (SFD; Balt Extrusion)
Flow Re-Direction Endoluminal Device (FRED; Microvention)
Surpass flow diverter(Stryker Neurovascular

PipelineE _Embolization Device(PED, Covidien/ev3 - moves therapy from mere
endosaccular occlusion to true parent vessel remodeling.
Indicatiors:
a) wide-necked aneurysms (neckd>nm) with unfavorable dome/neck ratios1($)
b) fusiform / dissecting aneurysms
1 FDA approved focarotid artery(from petrous to superior hypophys®gal can block giant
and widenecked aneurysms

*up to ICA terminusRipelineE Flex)

i aneurysm occlusion rates-84% (if aneurysm is going to occlude it happens within
6 months; still wait total 12 montfisthen coil)

i jailedsidebranches preserve patendapcidence of major supraclinoid ICranch
occlusionafter treatmenis 0-7% and lhese eventarenot associated with new
neurological deficits.

can also use ihasilar arterypreserves perforators) but not at the basilar tip.
Safe in posterior circulation!

flexible (allows it to be used in tortuous anatgmyesh tube made of nickebbat

chromium alloy and platinum.

diameter is sized based on inflow vessel (to avoid endoleak).

may placemultiple devices, one inside anott{eustomized constructs with variable

degrees of aneurysm coverage and flow disrujtioum wait > 1 year for first stent effect

(if see stagnant flow in aneurysm during angio, it is enougfirtanboseaneurysm over

time)

70% of aneurysms remain obstructed, without significant arterial stenosis 1 year after PE

implantation.

some experts use successfully also for ruptured aneurysms.

patients shouldtartdual antiplatelet therapybefore implantation Y PLAvix for 6 months

+ AsPIRIN indefinitely.

*preferably 510 days of Plavix 75 mg/d; chedY12assay on the day of surgery:

if <60-9071 do not proceed (if bleeding happens it will be catastrophic);
if nontherapeuti¢> 194) proceed with ReoPro intraop, then prasugrel (Effient) postop

New stents are under development visitbersmoothed surfaces covered with
phosphorylcholingPipeline Shield= Pipeline Flex embolisation device with
Shield Technologyj will not need antiplatelet agents at all or just Aspirin

1 contraindicated imactive infection, inabilityto take antipleelet therapy.

= =
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i adding coilgo pipeline device increases rated fastenaneurysm occlusioor upt ur e
and decrease risk of stent prolapse into wideked aneurysm cavity.
N.B. do not pack coils densely (need only to promote thrombiogiispmbotic
mass effect will causgipelinestenosigH: intrastent angioplasty)

SPECIAL SITUATIONS

BY FEATURES

Risk factors for recanalization
1) large volume (3600 mn¥) aneurysms
2) low volume (<20%) packing.
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1 high rateg15-33% at 18 mosdf recurrence (recanalizatian)

1 mechanismscoil compactionpunorganizedinstable thrombuformation,absence of neointima
formation at the neck of coiled aneurysms.

Raymond-Roy (RR) occlusion scale

COMPLETE RESIDUAL NECK RESIDUAL ANEURYSM
Complete aneurysm occlusion Residual aneurysm neck Residual aneurysmiome

M eyer sGs occlusion grading system

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

e | i/ / / ./
i ¥/ [ ! i
* A / / / )
Grade 0: complete and total aneurysm occlusion. Grade9D% volumetric aneurysm occlusion. Grade 2:-889% volumetric aneurysm occlusion.

Grade 3: 5869% volumetric aneurysm occlusion. Grade 4:2%% volumetric aneurysm occlusion. Grade 5:< 25% volumetric aneurysm occlusion.

When to trea? If remnankeeps enlargingat each follow up (threshold to treat is lower for previously
ruptured aneurysms).

1 re-coiling is fairly safe technique
1 additional techniquesomplex shaped coils, balloon and stent technglbmactive coils*

*coated with various substancesvell within aneurysm, promote
fibrous tissue formatioryenhanced thrombus permanency.

RECANALIZATION | N PREVIOUS STENT-ASSIST COILED ANEURYSM
I attempt coiling again.
1 if needs clipping, may need to open aneurysm sac to remove coils to allow neck clipping.

MULTIPLE ANEURYSMS

a) ifincidental aneurysm is in field of surgical approach, it can be clipped alongupttired
aneurysm.

b) if incidental aneurysris on contralateral side, then it can be @l electively at another
time (to prevent bilateral vascular injury at the same time).

M YCOTIC ANEURYSMS

bacterial etiologye.g. insubacute bacterial endocarditis)
tend to form indistal (often unnamed) vessels
fusiform andvery friablei practically treatable by vessel sacrifice (some experts like the term
Adeconstructing the vVves fevirad }LjpochlfiE injeation élcteecku e |
if patient tolerates it
f treatmeni antibiotics atleastfor46 weeks fYaiMRWAr:e of aneurysm
clipping (0% failure rate) or coiling (28% failure rate)
N.B. medical treatment has 48% failure rgmostly manifesting within 2 weelend
hasnegative prognostic valueclose monitoring is mandatory)
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WIDE -NECK ANEURYSMS

1 now amenable to endovascular treatment with pCONus device

ANEURYSM COEXISTING WITH AVM

(4-18%case¥yi AVM excision may precipitate rupture of associated aneufgsrurysm subjected to
increasedlow resistancg

ANEURYSM CAUSING CN3 PALSY

i better results with clipping (than coiling).

CAROTID STENOSIS ASSOCIATED WITH ICA ANEURYSM

- stenosis may have "protective effect"ameurysm endarterectomy can exp@aneurysm to
increased hemodynamstress and potentiate rupture
H: dectiveaneurysnctlippingY endarterectomy.

ANEURYSM PERFORATION WITH COIL

First signi sudden B Y (yeaction to ICR )

1) notify anesthesia
i immediatelylower BP
T hyperventilate
i raise EVD
I 50 mg ofPROTAMINE (protamine should always be availadlgring the procedut®

o if antiplatelet agents were usedjive platelet transfusian
2) inflate balloon (if using balloon assistance)

7 if perforation at aneurysm dorm& o n 6 t do Bot renpove coitontinue rapidly
coiling with additional coils.

1 if perforation at aneurysm neck / parent vesdedlloon, may need to embolize
PlaceEVD.

Postopi CT (hematoma needing evacuation?)
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1. HePARIN (verify ACT)

2. Intra-arterial:
a) TPA'T make sure aneurysm well coiled before administering thrombolytics!
b) REOPrO
c) thrombectomy (if large vessel)

ANEURYSM WITH ATHEROMA

1 even after clipping contrast may go in (neck is too stiff): H: ptam®nd reinforcing clip
(piggyback on first clip).

BENIGN PERIMESENCEPHALIC (PRETRUNCAL) SAH

- bleeding immediately anterior to brainstem and adjacent areas (interpeduncular fossa, ambient
cisterns) rupture ofsmall pontine or perimesencephalic vefns. not arterial sourceprognosis is
excellenti no rebleeds reported - no need for repeat angiograpdifger negative first DSA
A imaging- blood shouldbe ont ai ned i nferi or(LM)Ge.,Li | i
perimesencephial and/or prepontine cisternsjgsificant amounts of blood
penetrating LMo chiasmatic, Sylvian, or interhemispheric cistesheuld be
viewed with suspicion
A one angio is needed to rule duatsilar tip aneurysim
Board answer : o0 n(etheDeSparts ¥kiptCWs) CTAs
A patientspresent with H&H 12, less commonly dealop hydrocephalus, vasospasm

interpeduncular
cistern

medial part of
sylvian fissure

ambient
cistern

CT or MRI criteria

1) epicenter of hemorrhage immediately anterior to brainstem (interpeduncular or prepontine
cistern)

2) there may be extension into anterior part of ambient cistern or basal part of the Sylvian fissu

3) absence of complete filling of anterior interhemispheric fissure

4) no more than minute amounts of blood in lateral portion of Sylvian fissure

5) absence of frank intraventricular hemorrhage (small amounts of blood sedimenting in the
occipital horns othe lateral ventricles is permissible)

Alternative anatomic CT criteria

1) epicenter of bleeding located immediately anterior to and in contact with the brainstem in the
prepontinejnterpeduncular, or posterior suprasellar cistern

2) blood limited to the prepontine, interpeduncular, suprasellar, crural, ambient, and/or
quadrigeminal cisterngnd/or cisterna magna

3) NO extension of blood into the Sylvianiaterhemispherifissures

4) intraventricular blood limited to incomplete filling of the fourth ventricle and occipital horns of
the lateralventricles

5) NO intraparenchymal blood

BY LOCATION

Cervical ICA

I treatment not indicated.

CavernousICA

i if ruptures, bleeding is contained but risk of CC fistula.

Differential from paraclinoid aneurys(ne. intraduralj CTA in coronal planelook atoptic strut
(bony structure running transversely as floor of optic canal):
PARACLINOID aneurysni above optic strut
CAVERNOUSaneurysni below optic strut

)
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Treatment indications
1) diameter> 1 c¢cm (ri sk of erosion through du
2) symptomatic:
a) CC fistula
b) CN palsies ophthalmoplegia (CN3, 4, 6), facial sensory loss / facial pain
mimicking trigeminal neuralgia (CN5), retarbital pain
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N.B. pupil may be paralyzegheither dilated nor constricted)oth CN3 and
carotid sympathetic plexus
Aneurysmghat expand through carotid ring into subarachnoid space may caus
monoculamlindness fromCN2 strangulation.

c) thrombemboli (from turbulent flow within aneurysm)

Treatment modalities
a) standalone coil embolization or balloon remoitej technique
b) stentassisted coil embolization
c) flow-diverter(pipeline)
d) clipping
e) bypass/trapping
f) Hunterian (proximal) ligation
L i f fails to t ol etraaanalin@Caialdypaskcans i on
augment collateral flow
i.clamp is applied ato2 c¢cm below CCA b

Supraclinoid ICA

i ophthalmoplegia (CN3), variable visual defects and optic atrophy (CN2), chiasmal compression
(bilateral temporal hemianopsia), hypopituitarism, anosmia.

Proximal ICA aneurysmsi dissect neck and put vascular loopd®©A in the neck

OPHTHALMIC ARTERY ANEURYSMS

1 45% present aSAH.

1 45%present asisual field defec{optic nerve compression)

1 most can be coiled (even mass effect goes away after coiling) unless vessel comes off the dom:
(consider Pipeline)

1 craniotomy needsurgicallCA exposurein the neck for proximal contr@nd put vascular loops
anterior clinoidectomy. see p. Op300 >>

Source of pictureNeurosurgical atlas by Aaron Coh&adol >>

Superiorly projecting ophthalmic aneurysm



http://www.neurosurgeryresident.net/Op.%2520Operative%2520Techniques/300-399.%2520Cranial/Op300.%2520Craniotomies.pdf#Anterior_clinoidectomy
http://www.neurosurgicalatlas.com/
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SUPERIOR HYPOPHYSEAL ARTERY ANEURYSMS

1 maymimicpituitary adenoma

PCOMA ANEURYSMS

1 ISUIA grouped PCmA aneurysms witlposterior circulationaneurysms group withhigher risk
of rupturé
1 PComAaneurysms arise just distalR€omAostium,from posterolateral ICA wall, and initlg
project posterolaterally.
lateratpointing aneurysm¥ CN3 palsy(if acutei due to rapid aneurysm growth or sentinel
bleedi both need urgent treatmé&hy.
30% of acute CN3 palsies are due to PComA aneutysms
1 checkCTA preop:
o if fetal circulation,cannot sacrificComaA.
0 approx. 6% casesanterior clinoid is bigunable to reach proximal ICA for proximal
control)- need anterior clinoidectomy.

=

Coiling
PComAaneurysms have notoriously high recurrence rates followorgng (sometimes, better to take
the wholePComA provided nahalamicperforators are present and a good P1 segment is aviilable

Clipping
(extended)pterional (frontetemporal)- supine with head rotatia20-30 degrees
proximal control - supraclinoid ICA(ICA at the skull base at the opticocarotid triaggigrep neck

Right-sided pterional exposure wigylvian fissure widely split: EomA is seen departing and
traveling behind ta ICA posteriorly and medialhpb(ar el y vi s i b | mA takéoff u c
is apparent note relationship between IGRCamA junction andCN3; AChA is hidden
behindICA:

Image courtesy of AL Rhoton, Jr

Right subtemporal view: AChA takeofivhite arrow), thalamoperforating arteries along
PComaA:
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Image courtesy of AL Rhoton, Jr

1 sphenoid wing must be aggressively drilledil the superior orbital fissure is reached
i osteotomy of the most medial extent of the wing is the most important becaogers the
carotid cistern (elssubstantially more frontal lobe elevation is needed to expose the
cistern.
i orbital roof is also drilled so that a flat operative trapegtover the orbit is available:

Source of pictureNeurosurgical atlas by Aaron Coh@adol >>

9 first step- subfrontal corridor (green arrovy - mobilization of frontal lobdelevation of frontal
lobe just lateral to olfactory trgcand dissection of its arachnoidal attachments over the chiasm
and floor of fronal fossa:

Source of pictureNeurosurgical atlas by Aaron Coh&adol >>

i incise arachnoid membrane along optic nerve from anterior to posterior
I gentle elevation of frontal lobe permits CSF egress and visualization of thickened arachn
layers covering proximal Sylvian fissure:

Source of pictureNeurosurgical atlas by Aaron Coh&@adol >>


http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
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1 second stepproximal Sylvianfissuresplit (opening horizontal part of Sylvian fissigsing
arachnoid knife or an upturned No. 11 blade

N.B. generous fissure split is unnecessary for fAE@neurysmis

Source of pictureNeurosurgical atlas by Aaron Coh@adol >>

dissection is continued above superficial Sylviamy

once superficial layer is incised, arachnoidal incision is carried medially toward carotid
cistern

use remaining borders of sphenoid ridge
causing subpial injurfesp. important with dense SAH)

mi croscopeds |ine of sight is directed |
m croscissors are used {foomudiss deot tfeichanun
ball-tip probe dissects and mobilizes entangled vessels away from the arachnoid layers
before using the microscissors

ﬂau”"ccé

Source of pictureNeurosurgical atlas by Aaron Coh@adol >>

across the very proximal Sylvian fissure, a bridging vein is present thaecsacrificed
with impunity (ance divided, the frontal and temporal IshEn be more readily separated):

Source of pictureNeurosurgical atlas by Aaron Coh&@adol >>

spring action of bipolar forceps used to dissect arachnoid bands within anterior fissure,
detaching frontal lobe at the depthfisbure:

Source of pictureNeurosurgical atlas by Aaron Coh&@adol >>

{ third step- opening opticocarotid cisternY drain CSF to gain relaxation

thick veil of arachnoid band over opticocarotid cistern opened horizantally


http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/








































