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INTRODUCTION
Arteriovenous Malformations (AVMs) are a complex
network of abnormal vascular channels that consist of
arterial feeders, arterial collaterals, the AVM nidus and the
enlarged venous outflow channels. Presence of a shunt
between the arterial and the venous system is essential for
diagnosis. All AVMs have three components a. Feeding
arteries b. Nidus c. Draining Vein. Intracranial arteriovenous
malformations (AVMs) are generally of two types I. AVM
with plexiform Nidus – A collection of multiple small vessels
with AV Shunt.  II. A fistula- A single direct communication
between one artery & vein.  Approximately 83% to 93%
AVMs are supratentorial.
Majority of the symptoms of AVMs are due to abnormal
homodynamic situation causing hemorrhage, seizure or
increasing neurological deficit. Autopsy data suggest that
there is an overall frequency of detection of AVMs in 4.3 -
6% of population1. In another autopsy series an incidence
of 1.4% was reported, 46 AVMs among 3200 brains; and

12.2% were symptomatic2. In a population-based study in
Olmsted County, Minnesota, the detection rate was 1.1 per
100 000 for AVMs when autopsy cases were excluded and
2.1 per 100 000 for all cases. The detection rate for
symptomatic cases was 1.2 per 100 000 person-years3.  The
most common type of vascular malformation detected was
AVM, followed by venous malformation and cavernous
malformation. Incidence of AVMs is generally considered
to be 1/7th to 1/10th of aneurysms.

NATURAL HISTORY AND CLINICAL
PRESENTATION OF CEREBRAL AVMS
Prevalence data suggest that up to 0.1 percent of the
population (300,000 persons) in the United States may have
an arteriovenous malformation4. Autopsy data suggest that
only 12 percent of arteriovenous malformations are
symptomatic during life.  More than 50% of AVMs present
with spontaneous intracranial hemorrhage4. Intracerebral
hemorrhage (41-79%) occurs more commonly, although
subarachnoid hemorrhage (10-20%) and intraventricular
hemorrhage (5-10%) can also occur. Rarely AVMs can
present with subdural haematomas due to its location.
Severe vasospasm from AVM-related hemorrhage is
distinctly uncommon, although it is occasionally noted5, 6.
After hemorrhage next most common presentation is seizure,
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which occurs in 20% to 25% of cases7. Seizures can be
either focal or generalized and may be an indicator of the
location of the lesion. Other presentations include headaches
in 15% of patients, focal neurological deficit in fewer than
5% of cases, pulsatile tinnitus and hydrocephalus due to mass
effect. Vascular malformation–related steal phenomena causing
focal neurological deficit by altering perfusion in the tissue in
the region of the AVM are distinctly uncommon8.
The overall frequency of hemorrhage caused by vascular
malformations in stroke registries indicates a 1% occurrence
of AVM-related hemorrhage among all strokes9. The
available natural history studies indicate an overall risk of
initial hemorrhage of 2% to 3% per year7, 8, 9, 10. Mortality
from the first hemorrhage is between 10% and 30%, although
some data suggest that the mortality rate may be lower11,
and 10% to 20% of survivors have long-term disability7,8,12.
In one study12 a cohort of 281 consecutive, prospectively
enrolled patients was investigated to evaluate the risk for
hemorrhage. If one assumes an annual hemorrhage risk
among people with previously unruptured AVMs of 2% to
4% per year, the lifetime risk of intracranial hemorrhage in
a person with an AVM is approximated by the following
formula13, 14: ‘Lifetime risk (%) = 105- the patient’s age in
years’.
In a study the risk during the first year after initial
hemorrhage was 6% and then dropped to the baseline rate
of 2-4% and became similar to symptomatic patient without
bleed; whereas in another study9, risk of recurrence of
bleeding during the first year was 17.9%. Permanent
disability is twice of mortality per episode of hemorrhage -
20% to 30%10. In a prospective study 12, during a short mean
follow-up of 8.5 months, the risk of recurrent hemorrhage
was 17.8% per year after presentation with hemorrhage. In
that study, only 20 patients were still being followed up
who were untreated at 1 year after hemorrhage; the risk of
recurrent hemorrhage was 32.9% in the first year after
hemorrhage and decreased to 11.3% in subsequent years 12.
The increased rate in the first year after initial hemorrhage
has not been noted consistently10.
Evidence obtained from imaging studies suggesting that
radiological parameters may be predictive of hemorrhage
risk. There are data that suggest that prior hemorrhage is a
strong predictor of hemorrhage11. The other parameters
which help in predicting the higher risk of bleeding are small
AVM size in terms of maximal diameter or volume of
AVM15; however it has not been noted consistently11. High
feeding artery pressures may also be related to bleeding
risk. AVMs in a periventricular or intraventricular location
may also be at increased risk16, although this has not been
found in all studies17.
The possible sites of hemorrhage in AVMs include nidus,
proximal arterialized vein, intranidal aneurysm and feeding
artery aneurysm. Characteristics of the venous drainage
system, including presence of deep venous drainage, have
been reported to be a predictor of presentation with
hemorrhage18 or occurrence of hemorrhage during follow-up

in cases initially presenting with or without hemorrhage 11.
In one retrospective study independent predictors of
presentation with hemorrhage included central venous
drainage, intranidal aneurysm, and periventricular or
intraventricular location16. In another study, univariate
analysis predictors of presentation with hemorrhage
included deep venous drainage, arterial supply via
perforators, intranidal aneurysms, multiple aneurysms,
vertebrobasilar supply,  and basal ganglia location. Single
draining vein, impaired venous drainage, and deep venous
drainage alone were factors in another study18. Impaired venous
drainage was not an important factor in 2 other studies16, nor
was a single draining vein. Presence of a venous varix was
also not predictive of hemorrhage18. The nature of the arterial
system may also be important; detection of intranidal or sacular
aneurysms appears to be an important finding16, 19. A low-risk
group (risk of 1.0% per year) had no history of prior hemorrhage
and >1 draining vein in a compact nidus, whereas a highest-
risk group (8.9% per year) comprised those who had a prior
hemorrhage, a single draining vein, and/or a diffuse nidus. The
factors that determine hemorrhage in a case of AVM is given
in Table 1.
Table1: Morphological Features associated with
Hemorrhage

1. Central venous drainage or single draining vein
2. Periventricular / Intraventricular / Basal ganglionic

location
3. Arterial supply from perforating vessels

Vertebrobasilar system
4. Intranidal aneurysm
5. High intranidal pressure translated to feeding arteries
6. Venous outflow stenosis
7. Smaller sized AVM (<2.5cm)
8. Feeding artery aneurysm – 10-15%
9. Presence of Hypertension

MANAGEMENT OF CEREBRAL AVMS
The goal of treatment is complete obliteration of nidus to
get the cure. For management comprehensive evaluation of
a patient with an AVM includes a detailed clinical
examination and radiological evaluation of the anatomy with
MRI scanning and arteriography. After the comprehensive
evaluation has been performed, decisions can be made
regarding the best management approach by comparing the
natural history of the lesion with the intervention-related
morbidity and mortality.

PRE-PROCEDURAL IMAGING IN
CEREBRAL AVMS
The pre-procedural imaging in Cerebral AVMS relies on
Digital Subtraction Angiography (DSA), which is still the
gold standard for diagnosis and management. Superselective
DSA in various phases, using microcatheter is absolutely
essential for delineation of complete angioarchitecture of
AVMs (Fig 1 and 2). Arterial phase shows wedge shaped
nidus with broad base towards the cortex and apex towards
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the ependymal surface. AV shunting is characteristic of AVM
but not pathognomonic. Draining veins are dilated and
tortuous. The delineation of both the superficial & deep
venous system is essential  as drainage may occur in varying
combination.  Identification of other risk feature like venous
stenosis, venous varix and venous aneurysm is essential.
Angioarchitecture must be completely analysed for effective
interventional treatment strategy as outlined in Table 2.

Table 2 : Comprehensive Angioarchitecture Study
Parameter

1. Number of feeding vessels
2. Territory of feeding vessels
3. Nidus
4. Draining Vein
5. Feeding artery aneurysm
6. Intranidal aneurysm
7. Intranidal fistula
8. Venous stenosis/venous ectasia
9. Presence of large venous sac
10. Number of feeders opening in sump
11. Draining veins arising from venous sac
12. Nidus and fistulas opening orientation at sac

fig .1

Figure 1& 2 : Superselective DSA in various phases, using microcatheter is absolutely essential for delineation of complete angioarchitecture of AVMs. Arterial phase
shows wedge shaped nidus with broad base towards the cortex and apex towards the ependymal surface. AV shunting is characteristic of AVM but not pathognomonic.
Draining veins are dilated and tortuous.Fig. 1A & 2A are pre embolisation; Fig. 1B & 2B are post embolisation angiogram images.

fig .2

CT Scans entails performing both plain and contrast
enhanced brain CT. CT demonstrates serpigeneous iso or
hyperdense tangled mass of vessels which show intense
enhancement. There may be evidence of hemorrhage,
calcification, gliotic scar and ischemic changes in the
surrounding brain. Mass effect is also seen due to large
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tortuous draining veins and size of nidus. There may be
hydrocephalus either due to mass effect or due to venous
high pressure. CT angiography may help in demonstrating
nidus, feeding artery aneurysm and assessment of nidus
volume. CT is also valuable in planning of Stereotactic
Radiotherapy.
MRI and MRA are superior to CT in demonstrating the
topography of the AVM. MR is more accurate than CT in
determining the overall size of the nidus. It is also better
suited to demonstrate subacute and chronic hemorrhage and
secondary changes in the adjacent brain. The increased
signals within the vessels may be due to thrombosis, slow
flow or turbulence. MRA may help in identifying dural
feeders, size of the nidus, feeder and intranidal aneurysm.
Functional MRI using Bold technique are useful to localize
the cortical functions which will help in planning of treatment
of AVM and also in follow up after treatment particularly
after Stereotactic Radiotherapy.
Spetzler and Martin Grading of AVMs21 is based on size,
location and deep venous drainage. Analysis of size yields
scores of 1,2 and 3 for sizes 0 to 3 cm, 3.1 to 6 cm and
greater than 6 cm. Non eloquent location are given a score
of 0, while  eloquent location are given a score of 1. Eloquent
Areas comprise sensory motor cortex, language area, visual
cortex, hypothalamus, thalamus, internal capsule, brainstem,
cerebellar peduncles and deep cerebellar nuclei. Deep venous
drainage absence or presence is valued as 0 or 1resepctively.
Inoperable AVMs are put in grade VI. One grade is added in
presence of acute hemorrhage.  A subclassification of A, B,
C is added as necessary, to associate three common
conditions associated with increase the risk of bleed, with A
denoting constriction or stenosis of venous drainage, B
indicating presence of incidental feeder or intranidal
aneurysm, and C suggesting periventricular location, The
treatment options for cerebral AVMs include Surgical
excision, Endovascular embolization, Stereotactic
radiotherapy or a combination of above. No active
intervention is an important option in select cases. The factors
to be considered before making a decision to treat the AVMs
include a) natural history, b) age of the patient, c) general
health and clinical condition, d) identifying elderly patient
with cardiac problem where stereotactic radiotherapy may
be preferred or no treatment and e) occupation and lifestyle.

EMBOLISATION FOR CEREBRAL AVMS
The current indications for embolisation include a) patient
presenting with intracranial hemorrhage or subarachnoid
hemorrhage; b) progressive neurological deficit; c)
uncontrolled seizure due to AVM; d) young patient with bleed
or deficit or seizure; e) presurgical / pre-RT embolization
and f) as a palliative measure. Endovascular Treatment may
be done as a) definitive therapy in 20 -40% cases ( Fig 3); b)
preoperative embolization before surgical excision or
Stereotactic Radiotherapy to reduce the size of AVM; c) in
large AVM located on eloquent areas and fed by branches of
all three cerebral vessels; d) feeders not accessible for surgery

–intraventricular, basal ganglionic, thalamic & brainstem;
e) deeply located feeders e.g. ACA feeders in parasagittal
AVMs, ACA / PCA feeders in posterior frontal and parietal
AVMS, PCA feeders in paratrigonal /posterior temporo-
occipital AVMs. The optimum time of embolization is generally
after an episode of hemorrhage while most authorities
recommend a waiting period of 4 to 6 weeks.
The goals of treatment are a) complete obliteration of AVM
nidus for complete cure; b) reduction in the size of the nidus
before surgery or Stereotactic Radiotherapy; c) obliteration of
surgically inaccessible and deep location of AVMs; d)
embolisation of feeding arteries from PCA branches, choroidal
arteries, anterior/posterior perforating arteries; e) occlusion of
Intranidal aneurysm and e) occlusion of high flow fistulas.
The current understanding of hemodynamics of AVM is focused
on ‘nidus’, with endovascular embolization aimed at its
obliteration. A hemodynamic profile of AVM is a function of
number, position & caliber of feeding pedicles, length of
feeding pedicles, resistance of the nidus, venous drainage and
associated fistulae. Typically flow in an AVM ranges between
150 to 900 ml with an average of 490ml/min. The intraluminal
pressure of feeding pedicle in small AVMs is high while large
AVMs have low feeding artery pressure. AVM embolization
should be done as staged procedure range from 48 hours to 2
wks to 2 months. This selection aims to avoid effects of ‘Normal
Perfusion Pressure Breakthrough’ (NPPB) because
hemodynamics get normalized in 10 days to 2 weeks time.
Typically one to four pedicles per session may be embolised.
Feeding artery pressure measurement is important, since
pressure in the feeding pedicle has been correlated with risk of
hemorrhage. Furthermore, the reliability with microcatheter
has been confirmed. Pedicle pressure tends to rise during
embolization and approach systemic MAP and greater than
75% MAP in the pedicle may be associated with development
of Normal Perfusion Pressure Breakthrough (NPPB). Common
complications of glue embolisation include a) hemorrhage
which can be acute due to vessel perforation or delayed due
to NPPB or venous occlusion due to glue; b) Stroke which
can be attributable to catheter induced thromboembolism or
reflux of glue in normal vessels and c) gluing of
microcatheter.
Ethanol embolisation uses ethanol which is a very potent
but dangerous embolic material22. It causes intense
vasospasm and can cause infarcts if reflux in normal vessels.
The mechanism of action is denudation of endothelial cells,
precipitation of protoplasm, fracturing of blood vessel wall
up to the level of internal elastic lamina all leading to intense
vasospasm which gradual causes thrombosis of the AVM.
The incidence of NPPB with ethanol is less due to gradual
thrombosis & occlusion of AVM. Upper safe limit of ethanol
is not known but a dose of 0.5ml/kg body weight may be
safe.  The maximum recommended of Ethanol is up to 1ml/
kg body weight.

SURGERY FOR CEREBRAL AVMS
Surgery is generally done as an elective procedure.  The
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factors of to be considered for surgical excision of cerebral
AVM includes: location, type of lesion, larger sized
malformation. Location such as brainstem, posterior limb
of internal capsule and deep gray matter nuclei are considered
as surgically challenging.

STEREOTACTIC RADIOTHERAPY FOR
AVMS
Stereotactic Radiotherapy irradiates blood vessels of the
AVM to cause progressive luminal obliteration & thereby
preventing hemorrhage. It is currently indicated in following
situations : a) most appropriate for small AVMs in eloquent
areas,  giving satisfactory results with less complications, and
b) lesions with volume less than ten cubic centimeter and
maximum diameter <3cm. The thrombosis rates in patients
undergoing stereotactic radiotherapy by gamma or x-knife23,
is expressed as first and second year occlusion rates. Literature
evidence supports the following occlusion rates: 1st and 2nd

year occlusion rates of 33.7%-39.5% 79% to 86.5% from
Steiner et al, 2nd year occlusion rate at 64% from Yamamoto et
al and 80% from Lunsford et al.
Clinical experience reveals that stereotactic radiotherapy in
properly selected small AVMs can leads to complete AVM

obliteration in ~80% of patients within 2 years. In MRI, the
indicator of successful treatment after stereotactic radiotherapy
is denoted by a decreased size of the nidus, a decreased number
of flow voids, presence of hyperintense signals on T2 images
and a persistent contrast enhancement in the area of nidus.
Complications of Stereotactic Radiotherapy for AVMs
comprise a) hemorrhage with an incidence of 2% to 3% per
year, since there is no protective effect against hemorrhage
and b) Radiation induced complications like necrosis that occur
after 12 to 18 months. The incidence of Post radiotherapy
syndrome may be under estimated, but uncommonly they can
exacerbate seizure.

CONCLUSION
The main goal of treatment of cerebral AVM is complete
obliteration of the nidus or AVM per se. To achieve this goal a
careful judgment influencing the outcome based on various factors
should be taken. A multidisciplinary approach is provides the best
outcome. It is still not clear whether partial obliteration of the lesion
in an attempt to reduce mass effect and steal in patients with
progressive neurological deficit or medically uncontrolled seizures
is beneficial. Thus management of AVMs is still a challenge
for medical professionals.

Figure 3 : Endovascular Treatment sharing complete obliteration of AVM nidus indicately complete cure; reduction in the size of the nidus; occlusion of Intranidal aneurysm
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