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Key concepts
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- Subarachnoid hemorrhage
- Brian aneurysm

- Cerebral arteriovenous
malformation (cerebral AVM)

- Spontaneous brain
hemorrhage

- Brain hemispheres
- Posterior fossa

- Cerebral ischemia
- Stroke

- Malignant middle cerebral
artery infarction

- Spinal cord arteriovenous
malformation

Subarachnoid‘

hemorrhage Aneurysm  Brain AVM

Cerebral Cerebellar
haematoma haematoma

N
Middle cerebral artery infarct Spinal cord AVM



What is the subarachnoid space and

il Where is it? REMEMBER?

- It is the space between the visceral

SKULL

arachnoid and the pia mater {

Subarachnoid | | &%
space s

Skull

Blue shows distribution of the subarachnoid space




- Arterial blood spill to subarachnoid space

- Sudden 1 intracranial pressure (ICP)

- Sudden I intense 1l severe headache Stmacmoi=y

space

- Altered level of consciousness

- Neck stiffness: Brudzinski's sign -8
- Possible hydrocephalus

- Possible neurological deficit
- Intracerebral haematoma

- 15% die on the spot, 46% in hospital;

Involuntary hip and
knee flexion

. . 1
- 66% survivors with sequelae 1%
- 30% severe

lPain & rigidity

[ Brudzinski’s sigh -
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%k Subarachnoid haemorrhage

ontologia”

- Cause of death & severe disability in middle-aged people
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Arachnoid ™

Subarachnoid
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haemorrhage :& R

Necropsy
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*Sentinel headache

°*Minor heart attacks or
TIA

*Visual acuity loss
*Third nerve palsy
*Hemiparesis

* Craniofacial pain
*Epileptic seizures

*Incidental finding
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Peri-orbital pain MRI incidental findfng




- Aneurysm rupture = sudden & 111 ICP = possible death

50 Death spiral of uncontrolled ICP elevation
45 A s [ Bmi:,::?d";nmﬁm" ICP elevation J
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Stunt myocardium in subarachnoid
haemorrhage

BRLRCE s
Al

EKG with cerebral T waves in
subarachnoid hemorrhage N N




m@  Subarachnoid haemorrhage: clinical

NGJA
<« VJedicina

il features

Headache: the

‘worst of my life’ Photophobia
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: .. Vitreous Arterial
Neck stiffness Vomiting haemorrhages  hypertension )



- Traumatic (most
common)

- Brain aneurysm

- Arterio-venous
malformation
- Cerebral, rarely spinal cord

- Anti-coagulation
- Anti-platelet medication

- No known cause (10%)

Arterio-venous
malformation



- Mechanical effect + complex biochemical interactions
= free radical formation = cell damage — cell death

Acute subarachnoid haemorrhage

e

Mechanical effects
Brain tissue destruction by ICH,
mass effect, hydrocephalus

Intraventricular

_ haemorrhage
Subarachnoid

haemorrhage

Intracerebral
haemorrhage

Aneurysm bleeding or rebleeding

Early brain injury
+ CBF (microcirculatory constriction,

microthrombosis), blood-brain barrier
disruption, cerebral oedema, endothelial cell I
apoptosis, neuronal apoptosis, autophagy

l---------------'
Cortical spreading ischaemia

|

Swollen neuron Microthrombi

Cellular changes
+ NO,t K*, oxidative stress, increased ET-1,
inflammation (increased cytokines,

Acute global ischaemia
Causes | CBF secondary to tICP
+ CPR acute hydrocephalus

chemokines and adhesion molecules;
activation of matrix metalloproteinases and
apoptotic pathways; platelet activation and
aggregation; ATP depletion; thrombin activation)

Normal
Blood-brain

Platelet

Astrocyte

lamina
Endothelial

Pericyte cell

Subarachnoid haemorrage

Activated
platelet

Disrupted
tight junction

= Platelet activation

Tight junction

Erythrocyte

Apoptotic

endothelial cell
(TNF-R1,

%,

e activation of
‘ caspase-3 and

=~ caspase-8)

Can lead to microcirculatory
constriction, microthrombosis

Cardiac
dysfunction

Microscopic
Contraction band necrosis

I Systemic complications I | = MMP-9 degrades collagen IV, laminin, fibronectin
= Sympathetic nervous system activation I and tight junctions
| 1] Systemic complications |
\ 1 Neurogenic pulmonary oedema, stunned 1
1 Pulmonary 1 myocardium, takotsubo cardiomyopathy,
| \ oedema I| ECG changes, hyponatraemia, systemic |
- . ] inflammatory response syndrome |
|
|




'CO
Hb {—» [

>

Biliverdin

—.» Decreased autoxidation

@ autoxidation {@ +

+ 'OH + OH
Highly reactive>
Cellular & tissue damage

_Heme

" degradation = 1 oxidative
products stress
+Fe?*

Impaired vascular
* tone & muscle

I relaxation
= ) oxidation I
Hematoma ® i
components i oxyHb I
A
* Heme Ioirect endothelial Proinflammatory role =I5
Icell damage (e.g. TLR4, IL-1B, IL-6,




Subarachnoid haemorrhage

SAH) diagnosis: CT scan

- CT scan FIRST diagnostic procedure
- Lumbar puncture ONLY after negative CT scan

CIO CEREBRAL
-

SAH at sylvian fissures SAH at skull base CSF cisterns



_|_
+ hydrocephalus

- Subarachnoid haemorrhage — intraventricular blood —
h drocephalus
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ksl (hiraventricular blood + hydrocephalus

- Subarachnoid haemorrhage and intraventricular
haematoma distribution can help identify the probable
cause of bleeding




Subarachnoid haemorrhage risks:

first-bleeding, second vasospasm
- Rebleed = 20% death

- Vasospasm = 7% death + 7% neurological deficits

normal vessel
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consistent
perfusion
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0 7 14 21 28

Number of days from first subarachnoid haemorrhage
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- Most frequent first 24h "] RISK OF REBLEEDING
- If aneurysm not excluded \N
- 15% rebleed < 15 days %‘;3" i
- 50% < 6 months iy w
- 11 mortality (50% in six months) o i
- Prevention: early treatment o N33 it T s annnn

Isati ~~=" Days from 1% SAH
(embolisation / surgery) ays from

Kassell NF, Torner JC: Ancurysmal
rebleeding: A preliminary report from the cooperative
aneurysm study. Neurosurgery 13:479-481, 1983
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Subarachnoid hemorrhage = extravasated

blood = vasospasm = ischemia

- Cause vasospasm = oxyhaemoglobin released from

extravasated red blood cells
Distal

Aneurysm rupture ischemia
A
(
k,
Blood clot /
!
;
!
Vasospam
o S

Normal artery



Disrupted

Platelet hasal
lamina

Platelet
extravasation

| Infarction

Waves of cortical
spreading ischaemia

- 1

Microemboli}}

Subarachnoid
blood

Carotid artery

Microcirculatory
constriction
Microthrombosis

Angiographic vasospasm
$ Haemoglohin, oxidative stress and inflammation lead
to endothelial cell and perivascular nerve injury, leading to
$ MO, endothelin, leading to membrane depolarization, open
voltage-gated calcium channels and activation of TRP channels

Cortical spreading ischaemia

Swollen neuron Microthrombi

3 i
Spreading depressions, neuronal swelling, distorted
dentritic spines, neuronal depolarization, glutamate release
and depression, associated with pathological spreading
wave of vasoconstriction, caused by K, *haemaoglobin
and inhibition of NO synthase that are present after SAH
and possibly mediated by increased astrocyte endfeet
calcium that activates large-conductance calcium-activated

potassium channels

: Delayed neurological complications |
I Seizures, infection, complications of aneurysm repair, I

aneurysm rebleeding, hydrocephalus, brain swelling, [
: intracranial haematoma, increased ICR reduced CPP |
s | |

elayed systemic complications

: Delayed i licati |

Infection, fever, pulmonary oedema, cardiac failure, |
I organ failure, drug adverse effects, hyponatraemia, |
| hypercarbia, hypoglycaemia, low haemaoglobin, 4
| - Systemic inflammatory response syndrome. By

--h1_\l




Cause: subarachnoid space blood tamponade

Consequences: increased ICP, decreased cerebral

perfusion pressure

- Types

- Acute
Present on admission
Chronic

Acute SAH hydrocephalus

Normal CSF circulation

- After the subarachnoid clot is completely gone  through the subarachnoid space

Chronic post SAH hydrocephalus



M SAH consequences: treatment

| hyd rocephalus
Acute A

In 15% admission CT scan \'f
a /I.ong catheter
Symptomatic in 50%

T frequent in poor clinical grade subarachnoid haemorrhages "‘f'.
Treatment: external ventricular drainage

To control hydrocephalus
To remove as much extravasated blood as possible

Chronic

Related factors: age, amount of ventricular / subarachnoid
bleeding, type of aneurysm treatment? Infection?

Treatment: ventricleperitoneal shunt

Post- subarachnouj‘
Acute hydrocephalus hemorrhage hydrocephalus




Progressive
dilatation of
cerebral
artery = wall
thinning until
rupture

Endodhelinm
[ T{TTTEY

— . Fragmented inlernal
- | clasbic lamina




- Arterial wall degeneration =
aneurysm formation

- Intraluminal arterial pressure =
aneurysm ballooning —
progressive wall thinning =
weakening — rupture

Normal
brain artery

Brain aneurysms -

el
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X -{ S T — ]
adventitia

Tunica media ABSENT  Tunica media present

/7

Brain aneurysm wall ~ Normal brain artery wail



Extracranial
internal Superficial Subclavian
carotid artery ~ temporal artery artery

e ——

\ ,-‘.!;\ @ :
Abdominal Thoracic Femoral
aorta aorta artery

Popliteal artery Kidney arteries -



- Often overlooked
% T A
- No regular family screenin o~
- Brain aneurysm just another of many = e

Derma

problems suffered by a patient

(degradation
collagen in the skin
leads to wrinkles)

[Connective tseue disondr ] [co




- Autosomal
dominant

- 1:500 live births ; IF.

- Kidney failure by
40-60 years

- Brain aneurysm
incidence 9%

Brain aneurysm

Normal
Kidney

Polycystic liver
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Brain aneurysms & polycystic kidney

disease

- Low rupture risk but prophylactic treatment recommended

Should we screen all Autosomal Dominant Polycystic Kidney CJ AS N
Disease (ADPKD) patients for intracranial aneurysms? e 2

Pre-emptive
Aneurysm Rup Clipping
Single center /coiling

‘! 1989 - 2017 ‘e
— W Records analysed =\ N y 4
1668 pt-yrs 0 7

n=3812
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ADPKD  Pre-symtomatic

MR Angiography

Screening 0.04/100 pt - yrs
No Aneurysm [C1 0, 0.10]

Conclusions: Screening detected intracranial aneurysms in 9% of ADPKD Irina Sanchis, Shehbaz Shukoor, Maria Irazabal, Charles Madsen, et al. Pre-symptomatic

g : Screening for Intracranial Aneurysms in Patients with Autosomal
patients. None of the patients with detected aneurysms and two of the patients without Dominant Polycystic Kidney Disease. CJASN doi: 10.2215/CJN.14691218. "figual

Abstract by Divya Bajpai, MD, PhD LI

aneurysm detection suffered aneurysmal ruptures.
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- Brain aneurysms one of many
systemic disorders

Pectus excavatum
arachnodactyly

‘}, S
_Lens ;\“%

* dislocation

N



B Assoclation with connective tissue disorders:
il Ehlers-Danlos syndrome type 4




Assoclation with connective tissue
disorders: pseudoxanthoma elasticum

Blood vessel
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Assoclation with connective tissue
| disorders: Loeys-Dietz syndrome




Assoclation with connective tissue

disorders: osteogenesis imperfecta

- Associated with carotid-cavernous fistulas

Superior ophthalmtc vein

A\-/V ’A\

D\ 8

Blue sclera

:aar'?gd f ophthalmic vein

sinus N "N ' Inferior
. 3 ) .
) . Uk g

Dentinogenesis
imperfecta

Ptervaoid
plexus

Facial
a2\ vein

Healthy Bone

Periosteum

_—Multiple
fractures




MM Brain aneurysmes: familial incidence

- Low but exists

- Higher rupture risk

- Screening IF family with > two or more affected
people (parents or siblings)

- Autosomal dominant or recessive pattern

General Familial Hereditary
population incidence risk 0.10
incidence N
100% B \ Familial
E i
E ]
80% s :
£ 0,05 il
L [
.E | Sporadic
50% & :
0,00
. 15% 0 50 S
- 5% 10% Follow-up in years




- 0.2% population harbor brain aneurysms = 200 /
100,000 inhabitants

- 1/50 persons
- At any age, > 30-60 years
- Q14312
- 93% aneurysms <10mm & 7% >10mm

- Rupture risk 1.8% / year

- Incidental aneurysm finding 0.8% / year
+ <10mm 0.7% / year
« >10mm 4% / year

- Incidence of ruptured aneurysms: 6 / 100,000
inhabitants / vear,

- 15% die BEFORE reaching the hospital

I 1
I - 46% die in the hospital I
I - 60% of survivors with neurological / cognitive sequelael
I - 30% severe ]

REMEMBER? _
x



- Risk increases with size and posterior circle of Willis
location
- Important for prognosis in case of incidental aneurysm finding

“ Anterior Vessel Aneurysms & Posterior Vessel Aneurysm

anll

<7mm 7-12mm 13-24mm >24mm
Aneurysm Aneurysm Aneurysm Aneurysm R:



- Higher in Finland and Japan

Estimated global crude incidence
of aneurysmal subarachnoid hemorrhage by WHO region

Mean incidence (per 100,000)
0.50

T |

]




o A\neurysm rupture: subarachnoid haemorrhage

E?l}é NCHIB\

or Intra-cerebral haematoma

Aneurysm

Haematoma I

Aneurysm rupture

T R
3 X . JE

M
).

Intracerebral haematoma

\

Subarachnoid haemorrhage



Y

types
= NO neck

Fusiform

has neck
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Aneurysm growth = progressive wall thinning
= 1] bleeding risk = £
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Baby aneurysm = thinner wall = higher

rupture risk

- A small aneurysm in the wall of an aneurysm = even
small aneurysms may bleed -
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- More
common in
anterior
circle of
Willis

Anterior cerebral
artery

Internal carotid
artery

Posterior cerebral
artery

Anterior communicating
artery

Middle cerebral

Posterior communicating
artery

—-+——RBasilar artery s IS
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I C REMEMBER? .| ] T

| ‘
el inal
Smoking - 52

- Arterial h-ypertension

. -

- Family background v

\ F,
yry
- '/

. \"!‘

Usual risk factors: smoking + ¢

- Age over 40 years

- Bleeding risk factors
- Contraceptives ’
- Cocaine
- Alcohol

Possible new aneurysm in another location after some time « -



Brain aneurysms: risk factors (2)

- Association of smoking and arterial hypertension doubles
aneurysm incidence for women 30-60 years old

ieered 3.7
D 3.16
6.9

Hypertension




W Arterial wall weakness = congenital?

- Difficult to prove
Aneurysm

Y
N )

Arterial wall weakness

Nz

<4— Endothelium

Internal
elastic

Muscular

-
layer

- e .




Arterial wall weakness = local /

systemic inflammatory disease

Red blood cells

ECs

VSMCs
ECM

Injured ECs

. @ Inflammatory cell

IAs was initiated by disruption and dysfunction

of endothelial cells with inflmmatory cells

infiltration.

Inflammation in ECs

Injured endothelial integrity

Inflammatory cell infiltration | & "
More VSMCs apoptosis
More ECM degradation

IA formation IA rupture l N







- Agenesis of one artery = overflow on others = higher
haemodynamic stress = 1 chance aneurysm formation

Maximum Diameter

Neck Diameter

Anterior cerebral artery
hypoplasia = hyperplasia

contralateral artery = 1! risk

aneurysms at that level " =



Brain aneurysm formation:

haemodynamic factors (3

- The anatomical variations are multiple, but all increase the
chance of aneurysm formation

Normal ACA Fenestration ACA Trifurcation

Azygos ACA Bihemispheric ACA Hypoplastic Al Absence Al



Brain aneurysm: association with

| cerebral arteriovenous malformations

- Due to increased blood flow caused by the arteriovenous
malformation




Brain aneurysms: symptoms BEFORE

?
- Non-specific headache R
- Incidental finding on
CT, MRI, or cerebral
angiography done for
other reasons

- Cranial nerve deficits
- third nerve palsy
- Sixth nerve palsy

/_\ @ third nerve palsy

sixth nerve palsy




Third nerve palsy In posterior
communicating artery aneurysm




Third nerve palsy In posterior
communicating artery aneurysm







Sixth nerve palsy in cavernous sinus
carotid artery aneurysm

Internal carotid artery




DIAGNOSIS SUBARACHNOID HAEMORRHAGE +
4 CEREBRAL ANEURYSMS

Clinical symptoms CT scan Angiogram

e




C—_\J\ Vitreous haemorrhage

Rule out cervical spine fracture Neck stiffness fundoscopic examination

Brudzinski’'s Sign Kernig’s Sign BN



W Subarachnoid haemorrhage diagnosis:
Il brain CT scan




o Brain CT scan: subarachnoid haemorrhage +
@l Intracerebral and / or

Intraventricular Intracerebral



U Lumbar puncture? REMEMBER?

@ O N LY if negative CT scan +

clinical suspicion of subarachnoid hemorrhage

- Risk cerebellar herniation — cardiorespiratory
arrest

- Search for xanthochromia

< Xanthochromic
CSF




Ruptured aneurysm emergency
dlan05|s CT angiograph
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Multiple aneurysms: which one has
bled?

Suspicion according to:
Blood distribution in CT scan
Larger aneurysm
Irregular aneurysm, bleb
By location: aneurysm ant. com / pericallosal art.







® \What to do?




Aneurysm diagnosis + vascular tree
| iImaging: cerebral angiograph

- Best diagnostic technique

- Only available in a few hospitals on emergency basis
- CT angiography best second choice
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Microcatheter
Aneurysm

Surgical Endovascular

NS




Subarachnoid hemorrhage: scales

Grade Signs and symptoms
1 | Asymptomatic or minimal headache and slight necx stiffness
Hunt & Hess
2  Moderate to severe headache; neck stifiness; no neurologic deficit except cranial nerve palsy
3 Drowsy; minimal neurologic deficit
4 | Stuporous; moderate to severe hemiparesis; possibly early decerebrate rigidity and vegetative disturbances
5 | Deep coma; decerebrate rigidity; moribund
Grade ~ GCS  Focal neurological deficit
1 15 Absent
WENS SAH 2l 1 e
3 13-14 Present
4 7-12 Present or absent
5 <7 Present or absent
Grade Appearance of hemorrhage
1 None evident
Fisher 2 Lessthan 1 mm thick
3 More than 1 mm thick
4 | Diffuse or none with intraventricular hemorrhage or parenchymal extension S




Subarachnoid hemorrhage: Hunt and

Hess scale (associated with mortality)
GRADE1L:

Mild headache, normgl mental status, no cranial nerve
or motor findings —(GCS score 15, no motor deficits)

GRADE 2:

Severe headache, normal mental status, may have cranial
nerve deficit —=(GCS score 13-14, no motor deficits)

GRADE 3:

Somnolent, confused, may have cranial nerve or mild
motor DEFICIT- (GCS SCORE 13-14, WITH MOTOR DEFICITS)

GRADE4 :

Stupor, moderate to severe motor deficit, may have
intermittent reflex posturing- (GCS score 7-12, with or
without motor deficits)

GRADE 5:

Coma, reflex posturing or flaccid (GCS score 3-6, with or
without motor deficits)

IS



Subarachnoid hemorrhage: WENS

scale

WFNS SAH Grade
WFNS | GCS | Major Focal
Grade | Score Deficit

0**

1 15 -

2 13-14 -

3 13-14 -+

4 7-12 + Oor -

5 3-6 + Or -
*aphasia, hemiparesis or hemiplegia
** intact anseurysm




World Federation of i
Neurosurgical Societies i--------

1
1 L 1
Grading Scale i Grade | Huntand Hess ! ! E i
1 1 1 (O 1
No motor deficit I | | Asymptomatic or minimal headache | 15 iol70%
i }  and slight nuchal rigidity i Lo :
No motor deficit i I 1 Moderate to severe headache, (1314 1 1 60%
! 1 nuchal rigidity, no neurological | : E !
! 1 deficit other than cranial nerve | P :
: ! ! palsy . : : P !
Motor deficit ! Il 1 Drowsiness, confusion, or mild focal | 13-14 | 1 50% !
' I deficit ' P! '
With or without motor deficit | IV | Stupor, moderate to severe 712 b1 %
! I hemiparesis, possibly early | P! !
| ! decerebrate posturing | i !
With or without motor deficit 1 V| Deep coma, decerebrate posturing,. 1 3-6 Co 0%
L mcceem i moribund appearance Lot i By l

From Patel, V. N, & Samuels, O B. {2012). The critical care management of aneurysmal subarachnowd hemorrhage. In Y. Muras IEdJ‘
Aneurysm InTech. doi:10.5772/48474




Grade

Descriptions

- Associated with .y
vasospasm risk Faher |

normal vessel

consistent
perfusion

Fisher Il

!_ vasospasm _|
Fisher I/

No blood detected

Diffuse deposition or thin layer with all

vertical layers of blood finterhemispheric fissure,
insular cistern,

ambient cistern} <2 1 mm thick

Localized clots and/or vertical layers of
blood > 1 mm in thickness

Diffuse or no subarachnoid bload,
but with intracersbral or
intraventricular clots




% with

Symptomatic
Vasospasm

21%
25%

Grade Fisher Scale

1 Focal thin
Z Diffuse thin SAH ¢
3 Thick SAHpresent 4%+ 37%

4 Focal or diffuse thin SAH with 31%
significant ICH or IVH

From Claassen, J.. Bamardim, G L., Krenter, K., Batas, J., Du, Y. E.. Copaland, D.. . .. Mayer, 5. A [2001). Effect of castemal and ventrzdiaz
blood on nsk of delayed cerebral ischemia after subarachnoid hemarrhage: The Fisher Scale revisited. Stroke, 32, 7012-2020. NS




- 1st treatment subarachnoid
hemorrhage: ICU

- 2"d treatment aneurysm
- Endovascular treatment
- Craniotomy + clip

- 3'd treatment complications
- Hydrocephalus: external ventricular drainage? §
- Drainage intracerebral hematoma?

- 4th prevent complications
- Rebleeding
* Kills 20% of patients

- Control of vasospasm
» Kills 7%
* Neurological deficits 7%




Subarachnoid haemorrhage:

a

sl complications (1 REMEMBER?

- Not just focal but many
systemic complications

Nesrocardiogenic

(1) ECG changes, including T-wave inversions,
ST depression. high R waves, and prolongation of
QT¢ interval
. < 1.1+ S— \2): B SO e

(3} Myocardial enzymes changes

| Sympathetic
DErVous system

(1) Neurogenic pulmonary edema
(2) Pneumonia

(3) Aspiration

pm——
-
’ \‘
s )
' L}
L
B ¢
’
'
- - -

Catecholamine

e
response

Svstemic &
inflammatory Ehmai _ (1) Hypomagnesemia
response 2 A {2) Hyponatremia
syndrome {3) High glucose level
{1) Coagulative and
fibrinolytic disorders

(2) High D-dimer




Subarachnoid haemorrhage:

complications (2

COMPLICATIONS

A
SYSTEMIC NEUROLOGICAL
| SUBENDOCARDIC I REBLEEDING
1ISCHEMIA
|NEUROGENIC { VASOSPASM
1PULMONARY EDEMA
| ARTERIAL ‘
HYPERTENSION + HYDROCEPHALUS
SIADH

SIADH = Syndrome inadequate antidiuretic hormone secretion



Surgical Endovascular
treatment treatment

" ¥ Fusiform aneurysm

eV 4
y o e
</

Wide neck
aneurysm

’\'(Nrapping

Stent + coiling
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 Qdontologia’

Treatment modality to recommend
location

Posterior fossa = endovascular

Anterior &

. . cerebral artery middle
Anterior and middle fossa fossa

depends on each case NN U, . SN
N " Posterior
fossa

Superior cerebellar art. aneurysm Basilar apex art. aneurysm



Treatment modality to recommend

neck size
- Narrow neck = endovascular

- Wide neck = surgical

Surgery o | Endovascular



Treatment modality to recommend

narent vessel

- Endovascular = ant. com., post. com.

- Surgical = carotid-ophthalmic, middle cerebral artery

Anterior
communicating
artery

Middle
cerebral artery

-
“Internal

carotid
artery

Posterior

§ communicating
Posterior |\ artery
cerebral B

Basilar artery

]

Endovascular Surgery‘ '

I|\%




- | aggressivity
- Faster recovery

- |deal for Fisher
grades Il & I

- Subarachnoid
haemorrhage removal /\
not easy

- Need yearly follow-up
angiogram

- Recanalization 40-
60%

- Retreatment needed
(endovascular /
surgery)




- Usually happens at the neck







- Double antiplatelet medication needed for life
(acetylsalicylic acid + clopidogrel)
- 1 risk brain bleeding after minor trauma /

L0
\ ’9)%' ”"%




- 1 initial morbidity

- Washing blood from cisterns possible
- Improves vasospasm control

- Allows opening lamina terminalis

- U risk hydrocephalus Laming

terminalis;
- 5-year aneurysm regrowth 1.8%

- Only one control (CT angiography or
angiography) at 5, 10, and 20 years to
rule out NEW aneurysms

- Emergency clipping minimizes
rebleeding risk

- Maximum risk in first 24 hours
- Especially in the first 6 hours



Middle cerebral artery aneurysm clipping




P Anterior communicating artery aneurysm
il ClippINg




B Wrapping a pericallosal artery fusiform
@l aneurysm










- Nimodipine regularly

- Diagnosis = ecodoppler
- Done daily

- Treatment

- Increase mean arterial
pressure

- Intraluminal angioplasty

? T é
16:85:49 PL 0.8

Vasospasm

NS
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W Complication treatment: hydrocephalus

Urgent: external Definitive: ventricte-
ventricular drainage peritoneal shunt
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- Risk incidental aneurysm rupture 0.8% / year

- Ruptured aneurysms 71.8% <7mm & 87.9% <
10mm

- 11 patient age = 1l bleeding risk & U results
- & 2-4mm grow 2.4%
« & 5-9mm grow 9.1%
« & 10-20mm grow 50%

- Growth probability as 11 @ aneurysm
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\enous angioma Capillary telangiectasia "*




- The most frequently symptomatic

- Arteries connect directly with veins with no capillary bed

- Clinical symptoms: intracerebral haemorrhage / epileptic seizures
- Diagnosis: angiography, MRI, & CT scan

- Treatment: surgery, radiosurgery = endovascular treatment




Cavernous angioma

- Enlarged vascular spaces without arteries, veins, or'
cerebral parenchyma

- Clinical symptoms: headache, epileptic seizures,
haemorrhage

- Diagnosis: MRI, often multiple lesions

- Treatment: surgery if incontrollable seizures /
brainstem or spinal cord location




Normal veins that converge on a large venous trunk draining normal brain
parenchyma

Frequent but asymptomatic
- Rarely bleed

Diagnosis: angiography & MRI (caput medusae)

- No treatment needed

Arteriole  Normal capillary
bed

Draining
vein

Venous
angioma




- Capillary dilations in normal brain

parenchyma

- Location

- Basal ganglia, brainstem, cerebellum

- Association

- Rendu-Osler, ataxia-telangiectasia

- Usually no symptoms

- If bleeding = dismal prognosis

- Diagnosis: only with MR

- Treatment: not needed & extremely

dangerous




Direct connection between arteries and veins il
WITHOUT interposed capillary bed. NO brain  Arterialised fo=~
parenchyma within the nidus veins (.

Normal

. arteries
Artery su_pplymg

oxygen-rich blood
from heart to brajf\

In an AVM, blood passes
quickly from artery to vein,
bypassing the normal
capillary network

Healthy capillaries
slowly deliver oxygen

rryi
oxygen-depleted
to surrounding tissues

blood away
from brain




Blood flow

Rupture with local
damage and
haemorrhage

eeeeeee

Normal connection
of blood vessels




- Feeding arteries

- Terminal arteries = can be
sacrificed

- En passage feeding arteries =
carry blood to the nearby brain =

cannot be sacrificed Draining vein
En passage \}

- Nidus = Vascular clew ;erteedring\
: y
where arteries connect

directly to veins

\enous sinus
Ve

- Draining vein/s
- They are arterialised = abnormal
high pressure

- Dilatation = wall thinning = risk of
rupture = haemorrhage

1 venous sinus pressure = N3
hydrocephalus

= \

R Terminal
Nidus feeding artery



i

Embolised artery #

Arterialised draining _
vein

. P 4
Normal vein # .




Arterialised
draining vein




Arterialised

draining vein







AVM: epidemiology

- Prevalence: 0.14% Feeding arteries

hypertrophy =
possible aneurysm
formation

- /Il frequent in &

- Congenital / early
adolescence
- Age at diagnosis 30-40
years

- 3-20% in childhood
- 15-20% Rendu-Osler have ':
AVMs *’ AL
- 1 AVM / 5.3 aneurysms -

\"
- 7% AVMSs associated with

aneurysms Aneurysm







vertebro-
basilar
perforators

Bgainstem

. B | S
Spinal corad




- Bleeding 50%

Epilepsy 44%
- /I frequent at a younger age

Mass effect

Blood stealing from nearby brain
- Ischemia = focal deficit

Headache

Raised intracranial pressure

- 1 venous sinus pressure =
deficient CSF reabsorption

In children: hydrocephalus,
macrocephaly, congestive heart
failure, large pericranial veins

- Asymptomatic 15%




- Peak 15-20 years age

Intracerebral
haematoma ¢

- 10% mortality
- 30-50% morbidity

- 82% Intracerebral

=
. N .=
Intracerebral haemorrhage Intraventricular haemorrhage



- Bleeding
- Calcifications
- Angio CT

- MRI
- Angiography

Angio MRI Angiography



- Shows lesion but no anatomical detalls
- Helps to make diagnosis, but not to decide treatment




- Good 3D anatomical depiction

- Does not show feeding and
draining vessels well




Brain AVM angiography: gold-standard

- Shows
- Nidus
- Feeding arteries
- Draining veins

o Sme}ll AVM localization




- Internationally accepted

Size, cm
<3
3-6
>6
Venous drainage
Superficial
Deep
Eloquence
No
Yes
Total

Spetzler-Martin Grading |Points | Supplementary Grading

Spoteior-aartin Grding | Poluts | Supplomentary Scading

Age, y
<20
20-40

=40
Bleeding

Yes

No

Compactness

Yes
No



- Slze
- Small<3cm=1
- Medium 3-6 cm = 2
- Large>6cm=3
- Location: eloquent brain area
- No=0
-Yes=1
- Venous drainage
- Only superficial = 0
- Deep=1
l
l

capsule, thalamus, hypothalamus,:




Size — 2 points
Eloquence — 0 points
Venous drainage — 0 points

Size — 3 points

Eloquence — 1 point
Eloquence - 1 Venous drainage — 0 points
Venous drainage - 0




- Surgical removal
- Requires craniotomy

- Possibility of normal nerve tissue
damage

- Definitive and immediate cure

- Endovascular treatment
- Rarely curative

- Reduces AVM size

- Helps make AVM amenable to
other treatment modalities

- Radiosurgery

c AVM<3cm Y

- Minimum one year delay before
AVM occlusion = risk of bleeding LU
R

Endovascular

adiosurgery



-Surgery: grades 1 & 2 ===m=a- > LA

- Endovascular: grade 3 -«
- Complete obliteration 15%

- Usually more than one
treatment required

- Prepares for surgical
treatment + radiosurgery

- Radiosurgery: <3cm

-Combination of all: ~~___
grades 4-5 ---=="""""




- Treatment:
surgery




Spetzler-Martin grade 2

- Treatment: surgery

-



Eloquence - 1
Venous drainage - 0




- Combined treatment
embolisation / radiosurgery /
surgery

Size — 3 points
Eloquence — 1 point

Venous drainage — 0 points .




- First choice treatment when
Indicated

- Eliminates bleeding risk
iImmediately

- Improves epilepsy

- Invasive

- Risks of surgery
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- Preparation 3-30 days
BEFORE surgery

- NOT recommended as
solo and definitive
treatment of AVMs

- Only 15% complete
occlusion

- Risks:
Death 2%

Neurological deficit

- Severe 1.5%

- Moderate 9%

- Transitory 11%

Intra-op bleeding 3%
Spontaneous rebleeding 7%

Brain AVM: endovascular treatment
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Red shows AVM, yellow
shows embolised AVM portion



2l
il (reatment
- Brain infarction in areas

Irrigated by vessels
shared with AVM

- Distal embolisation
- Retina




N \Vein of Galen AVM

Faw Medw
Qdu tologia”

- Newborn

Massive arterio-venous fistula
— congestive heart failure

Hydrocephalus

Mental retardation

Treatment: endovascular

Vein of Galen AVM Congestive heart failure  Endovascular treatment



- ForAVM <3 cm I

- Indicated in AVM in deep or eloquent areas~._ -~

- Previous embolisation = worse results

B\
Put-J@

- Definitive AVM closure takes 1-2 years
- Meanwhile = risk of bleeding

% with Overall Angiographic or MR Obliteration

14 16 18 20 22 24 26 28
Marginal Dose (Gy)

10 12
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- Nonspecific clinical

picture
- Headache o ———

I Brain vein with =~
- Tinnitus L/omel Plood flow

Partially thrombosed
\  venous sinus

- Head noises
- Exophthalmos
- Conjunctival injection

Dural A-V fis

- Diagnosis: angiography

"""" |
----- I
- MRI does not always show ¥ Arteriaised brain I fiow i wenous sinus
. ) 4 Ivein with retrograde
lesion I biood flow
- CT scan only shows bleeds ,/:’ Thromboseq
’

- Classification by grades o

- If venous drainage to the
brain 1 risk of bleeding



g Brain dural A-V fistula diagnosis:
el 2NQiOgraphy

- ' " Frontal view, bone detail
[} : " ;




- Most minimal symptoms

- Many cure spontaneously

- Treatment: endovascular
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B Brain dural AVM In anterior cranial fossa

mg%

- Can induce hypertrophy
of ophthalmic veins




Brain dural A-V fistula evolution:
Cognard classification




- Venous flow inversion = increase In cerebral vein
pressure =~ haemorrhage

¥ Dural AV
fistula




4 CAVERNOUS ANGIOMA

- Malformation of capillaries
- Can be located anywhere in the CNS (includes spinal cord)

- Small microbleeds
- Brain = epilepsy
- Spinal cord + brainstem = progressive neurological deficit

- Familial incidence




- Honeycomb vascular spaces
lined with endothelium
separated by fibrous collagen
bands

- No nerve tissue inside

- Well delimited

- Hemosiderin & calcification
frequently

- Slight contrast uptake
- Not seen on angiography

- Can 1 size due to
haemorrhages inside

Macroscopic view

S



- Cause: endothelial dysmorphogenetic

Not a tumour
- Does not display endothelial hyperplasia

- Abnormal tissue = slowing of blood flow
through the cavities or ‘caverns’

Intraoperative appearance splnal cord



§ Cavernous angioma: diagnosis

- MRI: ‘Popcorn’ with hemosiderin halo

- CT scan: calcification in 50%

A4

MRI: popcorn + hemosiderin halo CT scan: calcification
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28 Cavernous angioma: clinical symptoms

Qdu tug;#

- Epileptic seizures
- The most common
symptom

- Bleeding
- Rarely symptomatic

- Repeated microbleeds =
Fe ++ Iin nervous tissue =
free radical formation =
epileptic seizures /
progressive neurological
deficits

- Cranial nerve deficits

- Spinal cord deficits

- Asymptomatic R



W Cavernous angioma: treatment

| indications

- Refractory epileptic

seizures

- Good response if
cavernoma +

hemosiderin marked
area are removed

- Significant or
repetitive bleeding

- Choices
- Surgery
- Most effective

- Radiosurgery

- Only reduces
bleeding probability

- Not very effective

Spinal cord | Raédios(urgery




M

Al Cavernous angioma: brain

 Qdlantologia”

- Symptoms: epileptic seizures J—

- Often multiple

- Treatment: surgery




- Repeated microbleeds =
progressive cranial nerve deficits

- Treatment: surgery

- Radiosurgery: minor effect




- Repeated microbleeds = progressive
tetra / paraplegia

- Treatment: surgery




- Moyamoya = ‘puff of smoke’ (Japanese)

- Arteritis intracranial vascularization with
progressive occlusion = ischemia

- 1 incidence in Asian people
- Progressive cerebral ischemia

- Treatment: surgical (brain
revascularization)

ascularization in moyamoya disease Moyamoya

Brain rev



INTRACEREBRAL HAEMATOMAS

- Definition: haematoma within the cerebral parenchyma

- Consequence: destruction white matter fiber tracts =
severe neurological deficits




A |ntracerebral haematoma; effects

- Nearby nerve tissue compression — ischemia
= perilesional edema

- CSF pathway obstruction — hydrocephalus

- Fibre tract damage

- Thalamic
haematoma +
intraventricular

/ haemorrhage +

s hydrocephalus

Posterior fossa haematoma + hydrocephalus



Spontaneous intracerebral

haematomas

- Treatment = medical
- Only a few = surgery

Hypertension

ETIOLOGY

Aneurysm

Other

AV Malformation

Other causes (17%): amyloid angiopathy, anti-
coagulation, anti-platelet medication, intratumor
haemorrhage, and haemorrhagic infarction 4:




Haematoma secondary to
high arterial pressure

- Bleeding medical treatment

- Prevention rebleeding = endovascular

- Dismal results = hemiplegia

RAN KIS
D374 m

b

Thalamic hematoma secondary to Charcot-Bouchard aneurysm



Intracerebral haematoma: treatment (1)

- Reverse anti-coagulation / anti-platelet medication
- Control blood pressure

- UCI treatment

- Surgery
- Drainage: hematoma > 35 cm?3, previous good condition (& dementia) + & neurological
deficit (hemiplegia)
- Treatment hydrocephalus

Medical treatment ICU treatment Surgery Conservative treatient




Intracerebral haematoma: treatment (2)

- Surgery only if good quality of life expected post-op

Surgical treatment Usually conservative Conservative
possible if mass effect treatment treatment

Lobar haematoma Putamen haematoma Thalamic haematonia -




~ Posterior fossa hematoma + hydrocephalus =
| external ventricular drainage =+ clot remo

+ Usually good quality of life =

Pressure setting for
drainage of CSF
C
) :
\ ¥ S

post-op

- Mild ataxia

dilated

I+

Lateral ventricle \_/
Drainage bag for CSF

CSF = cerebrospinal fluid

Collection
chamber

Zero on
pressure scale
must be
horizontally level
with tragus of
the ear

val




- All patients MUST start with medical treatment

- Only a few can benefit from surgery
- Cerebellar infarct
- Malignant middle cerebral artery infarct




Cerebellar infarct = hydrocephalus +
posterior fossa mass effect I

- Surgery = hydrocephalus
drainage * posterior '
fossa craniectomy

- Survivors have acceptable
quality of life = ataxia

Cerebellar infarct Hydrocephalus



- Infarct > 50% middle cerebral artery
distribution

- Death almost always

- |} 10% supratentorial ischemic strokes

- Clinical features _

- Complete hemiplegia Middle cerebral
- Heminegligence artery infarct
- Dominant hemisphere = aphasia

- U level of consciousness

Malignant
middle
cerebral
artery
Infarct

GERSTMANN
CONTRALATERAL FACE/ATM WEAKNESS SYNDROME

I Middle cerebral artery distribution




- 'Malignant middle cerebral artery infarction = {l extensive cerebral infarct

- [Edema = 1l intracranial pressure = U level of consciousness, neurological
deterioration, uncal & subfalcine herniation

- Treatment; ICU — death 60-80%

- | Surgical treatment = decompressive craniectomy
- Controls 1 intracranial pressure = {I survival

- Improves functional result (Rankin scale)

- Survival with sequelae

A ﬁ’ 'I' ﬁ K ==y, A
| 9850 YRS | YRz Y53 Hmks 4 Ymks s ymkso 4

No Nonsignificant Slight Moderate Moderately Severe Dead
symptoms  disability  disability  disability severe disability
disability

RS = Rankin Scale
[CImRS=2 [ mRS=3 [ mRS=4 [ mRS=5[_] Death

Decompressive craniectomy

| I I I I 1 4:
.O% 20% 40% 60% 80% 100%




- 1 survivors but with neurological sequelae

- MUST be done on time
- Delays = more brain damage

- Extensive enough to decompress brain

- Small craniectomy= brain necrosis

: INCORRECT: small craniectomy
against bone edges

C V,\ "%\]i
P

CORRECT:
extensive

_ e
S

Dura opening



- Abnormal direct
connection between
spinal cord arteries
and veins with NO
capillary bed

- Consequences

- Blood stolen from
normal spinal tissue
= spinal cord
Ischemia

- Venous
hypertension in the
medullary veins =
spinal compression




- Dural AV
fistulas

- The fistula is
OUTSIDE the
spinal canal

- Perimedullary
AVM

- AVM nidus
AROUND the
spinal cord

- Intramedullary
AVM

- AVM nidus
INSIDE the
spinal cord

Dural AV
fistula

Perimedullary
AVM

Intramedullary
AVM

B IS



- 14 50-years old
- Progressive spastic paraparesis
- Hemorrhage

- Nonspecific spinal pain
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il Spinal cord AVM’s: diagnosis

Qdu logra/

CT-scan useless S
Ry
: : : ‘ \ I | '
MRI: visualisation of enlarged 7 L ¥
[l - [l - \\ ,
drainage veins = suspicion
Angiography: gold-standard -
| t \ .u‘.‘:

MRI: enlarged veins i Angio’gréb‘hy



- AV dural fistulas = surgery

- AVMs = endovascular / surgery AN/
both according to the case 1€
- Endovascular preferred
- Both risk spinal cord injury

Endovascular
treatment

Intramedu arAVM



Prof. Vicente Vanaclocha
Prof. Pedro Roldan
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