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INTRODUCTION

Cerebral arteriovenous malformations (AVMs) are congenital
lesion with a prevalence of 0.06%-0.11% and an incidence of
0.0013% — 0.01% (1-3). The AVM nidus contains high flow; low
resistance transnidal arterio-venous shunts stealing blood form
adjacent brain tissue causing local cerebral arterial hypotension. The
altered hemodynamic in intranidal and perinidal region can be of
clinical consequence and may determine endovascular or surgical

out come.

AVM can affect brain function by mass effect, hemodynamic
changes (e.g. Steal phenomenon, ischaemia, venous hypertension etc),
irritative effect and consequences of hemorrhage. Intracranial
hemorrhage and epilepsy, the most important manifestations of AVM,
are seen in 52%—71% and 23%—40% of cases, respectively (4-6). The
AVMs carry a risk of initial hemorrhage of ~2% to 3% per year
(68,69,70) with an associated neurological morbidity of 20% to 30%
and mortality of 10% to 30% with each bleed. One of the main
indications of treatment is prophylaxis of hemorrhage in future.
Treatment modalities include endovascular techni‘ques, microsurgery
or steriotactic radiotherapy (focused radiation). Often multimodality

therapy is being performed with an aim of eradicating an AVM.



Other symptoms, such as headache and transient ischemic

attacks, have been reported (6).

Clinically, the progressive or fluctuating neurological defects
that occur in 4-12% of patients with AVM are attributed partly to the
steal phenomenon. Furthermore, hyperperfusion injury following
AVM surgery has been attributed to normal pressure breakdown due
to loss of autoregulation in the region of ischaemia secondary to steal

phenomenon.

Conventional MR imaging has a very important role in
determining the size and exact location of the AVMs énd therefore in
grading the AVMs, and in predicting the c'linical outcome of the
treatment. The hemodynamic alteration caused by AVMs has been
studied by injected Xe-133 or Kr-85 (13,14), inhaled Xe-133 CT
(15,18,19,24) or by PET (32), SPECT (17) and Doppler sonography

(26,38).

MR Perfusion imaging provides a non-invasive, simple and fast
objective method to study the perfusion of brain and various brain
pathologies. Recently, MR perfusion is being used for studying the
hemodynamic changes occurring before and after the treatment of

AVMs (34,35).



This study was planned to study the hemodynamic changes
induced by AVMs in immediate perinidal and remote brain
parenchyma and  the hemodynamic and structural changes in the

AVM and adjacent brain parenchyma after embolisation.
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AIMS OF THE STUDY

To study the hemodynamic alterations in the perinidal

and remote brain parenchyma ipsilateral and contralateral

to the cerebral AVMs.

To study the effect of embolisation on hemodynamics of
AVM, on adjacent brain parenchyma and remote

parenchyma.

- Association of angioarcitecture with AVM obliteration

after embilisation and post embolisation complication.

Study the long-term follow up.
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REVIEW OF LITERATURE

The abnormality (arteriovenous malformation) is a
‘malformation' (it is not neoplastic, and therefore not an ‘angioma'),
the constituent vessels may be anywhere on the morphological
spectrum between arteries and veins (the safest generalization being
‘arteriovenous'). AVMs are tangled anastomoses of blood vessels of
varying calibre in which arteriovenous shunting occurs in a central
nidus (Latin nidus, nest), which is the area towards which multiple
feeding arteries converge, and from which enlarged veins drain. Thus,
AVMs of the brain are congenital cerebrovascular anomalous lesions,
composed of a network of channels interposed between feeding

arteries and draining veins, without any direct shunt.
In macroscopic pathology (47,48,49), brain AVMs are composed of:

(a)  Clustered and abnormally muscularised feeding arteries which
may also show changes such as duplication or destruction of the

elastica, fibrosis of the media, and focal thinning of the wall.
(b) Arterialized veins of varying size and wall thickness.

(c¢)  Structurally ambigous vessels formed solely of fibrous tissue or

displaying both arterial and venous characteristics.



Feeding arteries:

There are usually several tortuous, branching, high flow arterial
vessels of varying calibre and wall thickness that supply the central
nidus where arteriovenous shunting occurs through one or more
fistulae. These afferent vessels are typically recruited from more than
ohe intracranial branch of the internal carotid and/or vertebrobasilar
systems, and occasionally from branches of the external carotid or
vertebral arteries through trans’dural anastomoses (51). The high flow,
low resistance shunt of an AVM may recruit collateral supply from
surrdunding vascular territories, sometimes called ‘angiomatous
change'. Chronic high blood flow in the feeding cause stenotic and/or
dilated arterial "angiopathy' due to endothelial thickening and intimal
hyperplasia (52), which may resemble the angiographic appearance of
moyamoya disease (53). The arterial feeders may terminate in the
nidus, continue to supply brain beyond the nidus (giving “en passage'
supply) or arise indirectly from an artery in close proximity to

the nidus.

Nidus:

Nidus is the area towards which multiple feeding arteries
converge and from which enlarged veins drain. The AVM nidus either

can be a tumor like well circumscribed (Compact nidus) or can



consist of sparse, diffuse abnormal network of AV channels spread

within normal brain parenchyma (Diffuse nidus) (46).
Draining veins

One or more dilated veins originate 'deep within the AVM
nidus, and reach its surface acquiring tributaries aiong the way to
drain, directly or via collateral pathways, into the superficial and/or
deep venous systems. Through the loss of the normal resistance to
flow in the capillary bed, the arteriovenous shunt transmits arterial
pressure to the compliant venous system, causing venous
hypertension. The draining veins are often anomalous due to
haemodynamic stresses causing stenosis, ectasia and varix

formation (54).

INDICATION FOR AVM TREATMENT:

1. The main reason to treat cerebral AVMs is the prophylaxis

against spontaneous intracranial hemorrhage.

2. Symptomatic AVM, presented with hemorrhage, seizures,

neurological deterioration, and severe headache.

3. Large AVMs presenting with progressive neurological deficit

secondary to high flow or venous hypertension, the aim of



treatment is to reduce the flow across the AVM, with an aim to

minimize or halt symptom progression.

Intracranial hemorrhage is the most common presenting
symptom accounting for nearly 30 - 82 % of cases (60). Overall risk
of  initial hemorrhage of =2% to 3%  per year
(62,63,64,65.66,67,68,69,70) with an associated neurological
morbidity of 20% to 30% and mortality of 10% to 30% with each
bleed. Ruptured AVM had a 6 % risk of rebleeding in first year after

hemorrhage and 2% thereafter (71).

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 formula (72,73) :
Lifetime risk (%) =105-the patient’s age in years

The risk of recurrent hemorrhage may be even higher in the first
year after the second hemorrhage and has been reported to be 25%
during that year (74). Each bleeding episode is estimated to be

associated with 10% mortality and 30% to 50% morbidity.

Therefore, a young person with a malformation has a

substantial cumulative risk of hemorrhage and attendant morbidity



throughout the rest of his or her life and warrants a treatment for

hemorrhage in future.

EPIDIOMOLOGY AND NATURAL HISTORY OF AVMs :

In order to make an educated decision regarding therapy, a
thorough understanding of the natural history is needed. Treatment
decisions for patients with brain arteriovenous malformations (AVMs)
should be based on natural course risk estimates weighed against

outcome data from invasive intervention.

The incidence and prevalence of intracranial vascular
malformations are not known with certainty, although there are data
available from autopsy series and limited population-based studies.
Autopsy data suggest that there is an overall frequency of detection of
AVMs in ~4.3% of the population (55,56). AVMs have an incidence
of ~1 per 100 000 per year in unselected populations, and a point
prevalence in adults of ~18 per 100 000 (1 in approximately every

5500 adults) (58).

AVMs account for between 1 and 2% of all strokes, but may be
~4% of strokes in young adults. AVMs are identified in ~9% of
people presenting with SAH, and are the cause of ~4% of all primary

intracerebral hematomas (PICHs), but as many as one-third of primary



intracerebral hemorrhage in young adults. AVMs are far less common
causes of first presentations with unprovoked seizures (1%), and of
people presenting with headaches in the absence of any neurological

signs (0.3%) (50).

AVMs are typically dynamic, i.e. they ur'ldergo continous subtle
anatomic and hemodynamic changes. A cerebral AVM becomes
clinically evident when host’s capacity to effectively compensate has
reached its threshold. Cerebral AVMs are often symptomatic in

young adults, typically before the age of 40 (57).

Most common clinical presentation of brain AVM is
intracranial hemorrhage with a frequency of 30-82 %(60).
Hemorrhage of brain AVMs are subarachnoid hemorrhage (30%),
parenchymal (23%), intraventricular (16%) and in combined locations
in 31 % of cases (59). The available natural history studies indicate
an overall risk of initial hemorrhage of 2% to 3% per year
(62,63,64,65.66,67,68,69,70) with an associated neurological
morbidity of 20% to 30% and mortality of 10% to 30% with each
bleed. Ruptured AVM had a 6 % risk of rebleeding in first year after
hemorrhage and 2 % thereafter (71). The risk of recurrent hemorrhage
may be even higher in the first year after the second hemorrhage and

has been reported to be 25% during that year (74).
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The next most common presentation is seizure, which occurs in
16 - 53 % of cases with a mean of 34% (60). Seizures can be either
focal or generalized and may be an indicator of the location of the
lesion. Cortical AVMs are more often associated with seizures.
Chronic headache is the initial symptom in 7 — 48 % (mean: 31 %) of
cases (60). Focal neurological deficit without hemorrhage are initial
symptom in 1- 40 % of patients. The focal neurological deficit
encountered in patients harboring brain AVMs may be progressive,
stable, or reversible. Reversible focal neufologic defecits are
questionable regarding their mechanism, since a post-ictal etiology
cannot be ruled out. The progression of neurologic deficit can be due

to steal phenomenon, venous hypertension, or mass effect (61).

TREATMENT OF CEREBRAL AVMs:

The lesion can be monitored expectantly with the understanding
that the patient would have some risk of hemorrhage or other

neurological symptoms such as seizures or focal deficit.

Alternatively, intervention can be undertaken with the goal of
complete AVM obliteration, because subtotal therapy does not confer
protection from hemorrhage. A multidisciplinary teafn composed of
an Interventional Neuroradiologist, neurologist, neurosurgeon and

- radiotherapist should take any treatment decision.
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At present, there are 4 major treatment options available for

patients with an AVM of the brain :

1. Endovascular

2. Surgery

3. Steriotactic Radiotherapy

4. Combination of any of these modalities

Management strategies include single or combined therapy
applying microsurgery, endovascular techniques, or steriotactic
radiotherapy (focused radiation). AVMs are often tréated by more
than one treatment modality. Multimodalit'y therapy should be

performed with an aim of eradicating an AVM.

This occurs in one of two fashions. It is done as either a
planned maneuver, typically with embolisation followed by surgical
resection or radiotherapy, or as an unplanned maneuver where one
treatment modality fails and a second treatment modality is necessary
to obliterate the AVM. This can occur in situations such as residual

AVM after subtotal surgical resection or resection of an AVM after

incomplete radiotherapy.

12



Depending on the size, location, and angioarchitecture of the
AVM, complete obliteration of the malformation requires a combined

therapeutic approach.
1. AVM EMBOLISATION:

The goal of endovascular embolisation is the permanent and
complete obliteration of the AVM nidus and the restoration of normal

cerebral blood flow.
Current indications for embolisation are :
1. Curative embolisation:
1. Embolisation alone
2. Presurgical embolisation
3. Embolisation before Steriotactic radiotherapy

2. Palliative embo!isation:

1. To reduce the flow across large AVMs ( nonsurgical or
nonradiosurgical AVMS) presenting with progressive
neurological deficit secondary to high flow or venous
hypertension with an aim to mlinimize or Halt symptom

progression.

13



2. Embolization of a pseudoaneurysm.
EMBOLISATION ALONE AS A CURATIVE MODALITY :

Despite that cyanoacrylate embolisation is the most effective
technique for endovascular embolisation, endovascular cure of an
AVM is considered unusual if not rare. Complete obliteration rates
after embolization alone have been reported to be between 5.and 18%

in the majority of series (75).

Valavanis and Yasargil (76) and Yu and colleagues (77)
recently reported the highest rates of complete obliteration (40.8% in
387 patients and 60% in 10 patients, respectively) for AVMs selected
for curative embolisation. Embolisation of AVMs as a sole

therapeutic modality is usually only achieved in small lesions fed by

no more than 4 arterial pedicles (78).

An attempt at curative embolisation is only justified in AVMs
of relatively simple angioarchitecture, with endovasculquy accessible
feeding arteries located in deep and/or criticgl areas of the brain,
where surgery would carry an unacceptable risk of morbidity or where
the patient’s associated medical comorbidities would make open

surgery excessively risky.
!
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Presurgical Embolisation :

Preoperative embolisation of AVMs has become part of the

treatment for many AVMs, especially larger lesions (79,80,81,82) and

this is the most important role of embolisation.

The goals of presurgical embolisation are:
To decrease the nidus size of the AVM,

To attempt to occlude deep, surgically inaccessible or deep
arterial feeding vessels such as the anterior/posterior
perforating vessels, choroidal vessels, or posterior cerebral

vessels to facilitate surgical excision.
To occlude intranidal aneurysms and
To occlude high-flow fistulas.

Embolisation can convert high Spetzler-Martin grade lesions to

lower-grade lesions and reduce blood flow to AVM nidus, and therby

diminishing blood loss’ reducing surgical times and reducing surgical

morbidity and mortality.

Furthermore, a progressive, staged reduction of arteriovenous

shunting with endovascular embolisation may result in gradual

restoration of normal cerebral perfusion and vascular reactivity,

15



reducing the potential for perioperative complications of brain

swelling and hemorrhage (“perfusion breakthrough”) with very large

high-flow AVMs.

The decision to perform embolisation of an AVM should take
into consideration Spetzler-Martin grade as well as the combined
sﬁrgical and endovascular risk for a particular patient. In general,
Spetzler-Martin grade II or III lesions may be embolised before
surgery or radiosurgery. Grade IV or V lesions' should not be
embolised unless this is to be done in conjunction with other
treatment modalities (surgery or radiotherapy) for the goal of
complete cure. The only exception to this may be in a patient with a
grade IV or V lesion with venous outflow obstruction, in whom
embolisation ‘is used to reduce arterial inflow to control edema, or in a
patient with true "steal," in whom embolisation is used to relieve the

amount of shunt through the AVM.
STEREOTACTIC RADIOTHERAPY-:

Stereotactic radiotherapy has become an important treatment
technique for the management of cerebral AVMs. The purpose of
radiotherapy is to irradiate the blood vessels of the AVM to cause
progressive luminal obliteration and thereby prevent hemorrhage.

Involution of the irradiated mass is the final stage of the healing

16



response, as well as the final stage of inflammation (83). At that
time, the AVM vessels are occluded and AVM volume is reduced.
With focused radiation, the dose of radiation to brain tissue

surrounding the Stereotactic radiotherapy AVM can be minimized.

Stereotactic radiotherapy is most appropriate for patients with
sfnall AVMs, especially when such AVMs are located in eloquent
brain locations. Lesions most effectively treated with Stereotactic
radiotherapy have volumes <10-cm3 or maximum diameter <3 cm
(84,85,86). Endovascular therapy has 3 potential goals when used

before Stereotactic radiotherapy intervention for AVMs (87, 88, 89):

1. To decrease target size to <3 cm in diameter, because

smaller volumes have a higher cure rate with less morbidity;

2. To eradicate angiographic predictors of hemorrhage, such as

intranidal aneurysms or venous aneurysms; and

3. To attempt to reduce symptoms related to venous

hypertension.

Stereotactic radiotherapy can be considered in lesions thought to
be at high risk from a surgical or endovascular standpoint. The overall
efficacy of Stereotactic radiotherapy is higher for small lesions, and

therefore, this modality may be considered as a primary treatment for

17



smaller as opposed to larger lesions. However, size is not the only
factor in the final determination of treatment. The exact location,
patient age, symptoms, and angiographic anatomy must be considered
in this decision process. For small, surgicélly accessible lesions
(Spetzler-Martin grade 1 or II), surgery has fewer risks than
Stereotactic radiotherapy. Stereotactic radiotherapy may be
considered in farger lesions (Spetzler-Martin grade II through V) only
if the overall goal is complete obliteration of the lesion. Partial
treatment of a larger lesion with Stereotactic radiotherapy or
embolisation subjects the patient to the risks of the procedure without

eliminating the risk of hemorrhage.
Palliative Embolisation:

Regarding the issue of palliative or partial embolisation, the
important question is whether partial embolisation alone alters the
natural history of an AVM with reference to its risk of bleeding in

the future.

Kwon et al (91) followed up on 27 patients harboring AVMs
larger than 4 cm that were located in eloquent cortex (Spetzler—Martin
Grade III), which were believed to be inoperable. Eleven patients
underwent embolisaﬁon; following this procedure, 27.3% of the

patients had deterioration in their conditions, and 45.5% experienced

18
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hemorrhage. These results were compared with those» in 16 patients
who underwent medical treatment only; 31% o'f the patients who only
received medical treatment had deterioration in their' conditions, and
25% experienced hemorrhage. Similarly, a review of the Barrow
Neurological Institute’s experience with Grades IV and V AVMs
showed a 1% annual bleeding rate in patients treated conservatively
compared with a 10.4% rate in patients whose AVMs were treated
partially; because of these results, clinicians at that center have
recommended conservative treatment without embolisation for most
Grades IV and V AVMs (90). Palliative embolisation of AVMs does
not appear to improve clinical results when compared with
conservative treatment of AVMs believed to be inoperable; therefore,
it seems unjustified to place these patients at the significant risk of
embolisation unless the latter has a reasonable chance of resulting in

complete obliteration of the AVM.

Palliative embolisation may be recommended for patients who
have large, inoperable cortical and subcortical AVMs and in patients
presenting with seizures resistant to medical management or with
progressive neurological deficit thought to bé secondary to venous
hypertension and/or arterial steal (92,93,94). Partial embolisation may
be successful in reversing these signs and symptoms; however, it is

usually only temporary, because collaterals develop rapidly, reducing

19



the effectiveness of such therapy. Palliative embolisation should be
used as part of a strategy aimed at staged AVM obliteration, to treat a
specific AVM-associated feature (eg, associated gneurysm), or to
reverse a specific symptom. There is no evidence that partial AVM
embolisation alters long-term hemorrhagic risk, and as such, it is not

recommended as a broad treatment strategy for AVMs.

Hemodynamic of AVMs

Cerebral blood flow is directly proporportional to arterial
pressure and inversely proportional to cerebrovascular resistance,
while cerebrovascular resistance is related to the internal diameter of
the vascular bed. Local changes in vascular diameter result in

exponential changes in resistance and therefore in flow.

AVMs are functionally low resistance shunt with a
disproportionate flow will be directed toward the AVM nidus,
bypassing the normal capillary vascular bed in brain parenchyma.
Thus, AVMs can be considered as “vascular sponge” which consume
large volume of blood, depriving the brain of normal circulation. This

phenomenon has been termed as “ intracerebral steal”.

The mechanism by which an AVM can alter CBF locally or in

distant areas of the brain can be grouped into two general categories:

20



1) decreased flow reserve and

2) decreased flow demand.

The mechanism causing decreased flow reserve is probably due
to altered perfusion gradients in higher resistance vasculature that
supplies normal parenchyma. In the normal situation, cerebral arteries
exhibit autoregulation and perfusion remains relatively constant
despite wide changes in mean arterial pressure. The minimum mean
arterial blood pressure that allows autoregulation to remain intact is
approximately 50-60 mm Hg (20). The normal brain parenchyma
surrounding the brain AVM is subjected to the chronic vascular steal
and mean arterial pressure in normal nutrient vessels may be below
the minimum needed for autoregulation (21,22). The relative
deficiency of the blood flow cause maximum dilatation of the cerebral
resistance vessels in an attempt to increase local CBF. After a long
period of dilation, the vessels became a tonic and can loose the
capacity for normal  autoregulation (“stress relaxation
phenomenon”). These vessels are dilated as much as they can be, and
any further decrease in perfusion pressure will actually cause a
decrease in blood flow. This lack of response to pressure change
(non-autoregulation) of the major feeding vessels of the AVM cause

the flow across the AVM to depend upon the systemic blood pressure,



and therefore may decrease during hypotension or increase in
hypertensive state. Pertuist et al. (36) used technetium—-99 to measure
blood volume in brains of normal individuals and in patients with
AVMs during normotension and hypotension. They demonstrated that
patients with AVMs bcontinued to have autoregulation in normal brain,
however perfusion of the AVM was dependent only on the systemic
blood pressure. Similarly, there may be poor vascular reactivity to
CO2 in the adjacent brain and they cannot augment CBF in response
to acetazolamide challenge. Such abnormal reactivity reflects a
decompensation in the ability of the microcirculation to respond to

hemodynamic disturbance induced by shunt.

Alternatively, AVMs may decrease flow to normal brain
parenchyma by decreasing demand for flow because of either
neuronal loss or decreased neuronal metabolic activity. Gereon R.
Fink (32) studied metabolic and hemodynamic effects of cerebral
AVMs in 14 patients using PET. They observed significant reduction
of CMRGLc (Cerebral Metabolic glucose metabolism), GEF(Glucose
extraction fraction), CMRO2 (Cerebral Oxygen metabolism) and
OEF (Oxygen extraction fraction) in low-flow perifocal regions. The
CMR was also significantly reduced in low flow perifocal tissues,
indicating that CMRGLc was more severely depressed than CMRO2.

The CBV was significantly increased in both low and high flow

22



perifocal regions. The tissue metabolism was decreased in perifocal
regions showing the most severe hypoperfusion. This observed
perifocal tissues dysfunction may be explained best as a state of
chronic damage perhaps related to neuronal loss consequent to
diapedetic bleeding or significant ischaemia. Yamada & Conjocaru
et al (37) have demonstrated that there is a decrease in the number of
mitochondria in glia and neurons around the areas surrounding the
AVM. This decrease may represent either chronic hypoxia with a
decreased capacity to produce energy or decreased energy
consumption. So that the balance between supply and demand remains
constant. Pathological examination has shown areas of gliosis around
the AVMs. These perinidal loss of afferent‘ or efferent axons can
cause cell body loss or decreased cell body activity in remote cortical
or subcortical regions owing to loss of association fibers between
these areas (“ infracerebral diaschisis” ) and therefore , can affect

blood flow demand far removed from the AVM (20,23).

The first suggestion of such vascular steal phenomenon
occurred following the recognition of preferential blood flow towards

AVM during angiography and non-visualization of vessel in a normal

area of the cerebrum.
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Initial attempts to assess the hemodynamic alteration caused by
AVMs focused on the actual shunt flow by using inert gas diffusion
with injected Xe-133 or Kr-85 (13,14) and inhaled Xe-133 (15). CBF
values measured as total flow by the nitrous oxidé or radioactive
krypton inhalation methods have been reported to be 2 to 4.4 times
higher in the hemisphere with the AVM, compared to normal values.
Fiendel et al (16) reported red cerebral veins observed during
operation in AVM patients. Later, with the use of fluorescein
angiography and diffusible and nondiffusible radiotracers, they
reported improved blood flow in uninvolved regions of the brain after
ligation of the main vessels feeding a temporal lobe AVM, providing

evidence of “cerebral steal”.

Homan et al (17) uséd Xe-133 SPECT to show “steal areas” in
eight of 11 AVM patients who were compared with a group of normal
controls. These regions, however, appeared to be randomly located in
the contralateral and ipsilateral hemispheres and in areas of arterial
supply that were not related to the AVM. Marks et ai (18) studied 21
patients of AVMs with stable Xe-CT and found a significant decrease
in CBF in fhe ipsilateral cortical gray matter adjacent to the AVM

relative to the corresponding contralateral cortex.
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Tarr RW et al (24), studied CBF in 13 AVM patients using
Xenon CT before and after acetazolamide challenge. The authors
found 26 % decreased vascular reserve in near site and 15 %
decreased vascular reserve in far site regions. In addition, 27 % of
near site areas and 17 % of far site areas with a normal CBF on
baseline  study showed decreased augmentation on the
postacetazolamide study, indicating decreased vascular reserve
demand for blood flow rather than lowered flow reserve. Sixteen %
of all parenchymal areas showed decreased CBF on the baseline
examination but normal augmentation on the postacetazolamide study,

suggesting a relatively decreased
They classify CBF patterns in following groups:

Pattern I: Normal preacetazolamide CBF (> 35 ml/lOOg/min) and

normal augmentation (> 10 %) of CBF after acetazolamide administration.

Pattern II: Normal preacetazolamide CBF (> 35 ml/100g/min) and

decreased augmentation ( < 10% ) of postacetazolamide CBF.

Pattern III: Low preacetazolamide CBF (>35 ml/100g/min) and

decreased augmentation(<10%)of postacetazolamide CBF.

Pattern IV: Low preacetazolamide CBF (<35 ml/100g/min) and

normal augmentation(>10%) of postacetazolamide CBF.
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HEMODYNAMIC CHANGES AFTER SURGICAL OR

ENDOVASCULAR INTERVENTION :

Intraoperative vascular pressure measurements were performed
with either direct puncture or Doppler sonography. The pressure
recording form the feeding arteries at the entrance of the AVM were
significantly below systemic arterial blood pressure, with a mean
pressure ranging between 15 and 56 mm Hg (25). On temporary
occlusion, the stump pressure rapidly rose to a mean pressure of 76
mm Hg, resulting in a concomitant rapid increase in cortical artery
perfusion pressure. Before surgical excision of the AVM, the pressure
in the draining vein(s) were also elevated with a mean pressure of 50
mm Hg; after excision of the malformation the venous pressure
decreases to 0-2 mm Hg. The drop of venous pressure contributes
further to the increase in normal tissue perfusion after embolization

and/or resection of the AVM.

Hassler and Steinmetz (38) studied local hemodynamics
during operations for cerebral AVMs, using microvascular Doppler
sonography and intravascular pressure recordings. Doppler
sonographic examinations of blood flow velocity and CO2 reactivity
in vessels supplying brain and/or the AVMs were performed. The

response to PaCO2 changes in the feeder arteries was almost
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abolished; Velocities only slightly increased with hypercapnia and
remain stable in hypocapnia. Feeders reveal slightly abnormal spectra
with high diastolic and end-diastolic velocities. Following removal of
AVMs, the feeder vessels showed that flow velocities.in former AVM
feeders are considerably reduced with often-undetectable diastolic
values indicating a sharp increase in arteriolar resistance.
Intravascular mean pressures in the feeding branches increased from
45 — 61.8 % (baseline) to 52.3 % to 90 % of the mean systemic
arterial blood pressure after the AVM excision. The previously
impaired hypocapnic vasomotor responses of the feeder arteries

immediately normalized following AVM removal (295).

Norlen G (41) observed that the dilated feeding arteries
supplying AVM return to their normal size after 3 weeks of excision
of the AVM. Similarly, displacement of watershed zones and reversal
or at least partial correction of angiographic steal has been
demonstrated during ‘follow up angiography after embolization or

surgery (42,43).

Takashi Okabe et al (19), studied 16 patients of cerebral
AVMs with stable xenon (Xe-CT CBF) CT scanning and were
compared to Xe-133 inhalation using external-probes. Five patients

were studied before and after the total excision of AVMs.
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The mean CBF values in AVM patients were significantly
reduced in adjacent gray matter around the AVM. After successful
excision of the AVM, mean CBF values for gray matter were
significantly improved to the normal in the hemisphere formerly

containing the AVMs.

CLINICAL IMPACT OF CEREBRAL STEAL:

There are different viewpoints concerning the clinical impact of

this steal.

The hemorrhagic complications of AVMs are well known, but
the physiologic and clinical consequences of- hemodynamic
disturbances resulting form a high flow shunt are less well
understood. Many of the complications of AVMs including seizures,
progressive neurological defects, and intellectual - emotions

determinations are attributed to a “steal phenomenon™(15,16,18,25).

Using transcranial Doppler ultrasonography of brain AVM,
Mast et al (26) found no evidence of correlation between steal and
focal neurological deficits. Young et al (27) observed that the
distributions of oxygen supply and nutritive capillary flow to the
cortex surrounding brain AVMs were almost identical to that in

normal cortex (i.e., no evidence of cerebral hypoperfusion was found

in brain AVMs).
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Using a microspectrophotometer to study AVM relevant cortical
oxygen saturation, Meyer et al (28) found that the reduction of
cerebral perfusion pressure in brain-nutrifying braﬁches of arterial
feeding arteries did not cause lowered tissue oxygenation in most
patients. Compensating mechanisms, therefore, counteract the reduced
perfusion pressure. Arteriolar dilatation might be one of the
mechanisms but seemingly not to the extent of a maximum
cerebrovascular resistance reduction (29). An increased capillary
density as a structural adaptation might be another plausible
compensation (30). It was hypothesized that erythrocytic capillary
recruitment, as defined by Kuschinksy and Paulson (31), might also

play an independent role for the adaptation.

Gereon R. Fink (32) studied metabolic and hemodynamic
effects of cerebral AVMs in 14 patients using PET. They observed
significant reduction of CMRGLc , GEF, CMRO2 and OEF in low-
flow perifocal regions. The tissue metabolism was decreased in
perifocal regions showing the most severe hypoperfusion. This
observed perifocal tissues dysfunction may be explained best as a
state of chronic damage perhaps related to neuronal loss consequent
to diapedetic bleeding or significant ischaemia. Therefore, the
clinically claimed steal phenomenon such as progressive focal

neurological deficits or impairment of higher cognitive functions
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might, also, be a consequence of neuronal dedifferentation and
diaschitic phenomena in distant or even contralateral regions of the

brain.

ACUTE POST EMBOLISATION HEMORRHAGE (APEH)

Acute post embolization hemorrhage (APEH) is the most
frequent and the most neurologically devastating complication of

embolization;

APEH can be due to:

1. Occlusion of the draining vein with glue.

2. Delayed venous thrombosis.

3. Normal Pressure perfusion break through

4. Intranidal aneurysm rupture.

5. Vessel wall tearing during micro catheter retrival

Inadverent embolisation with sudden complete occlusion of the
vein by embolic material is probably the most frequent cause of
APEH. Deruty et al (39) reported five cases of APEH in 40 patients
(12.5 %) in the week after embolization. In 4 of these 5 cases
occlusion of the main venous drainage was demonstrated. Continued

inflow into the malformation with impaired out flow is a very high-

30



risk situation for rupture and hemorrhage, partial occlusion of the
draining vein with glue, associated with decreased arterial flow, may

favour further complete venous thrombosis and hemorrhage.

Picard et al.(97) did a recent review of the literature and
presented the largest series ever published on APEH. In 18 series of
bfain AVM embolization in which, cases of spontanec;us APEH were
reported there were 58 (4.8%) APEH amoné 1206 patients. These
series involved very different embolization techniqﬁes and embolic
materials (pellets, IBCA, silk suture, PVA, NBCA). Considering only
series with glue embolization, there were 31 (8.2) APEH in 379
" patients (98,99). Picard et al (97) reported a series of 564 patients
with brain AVMs; 492 (87%) were treated with intranidal injection in
a total of 1569 procedures, with a mean embolization of three pedicles
per procedure. The rate of APEH was 1 % per embolization (15/1569)
and 3% per patient (15/492). Out of these 15 patients, 4 patients were

asymptomatic and hemorrhage was detected incidentally.

NORMAL PERFUSION PRESSURE BREAK THROUGH (NPPB):

Another implication of intracerebral steal phenomenon is -
Normal perfusion pressure breakthrough (NPPB). The concept of
normal perfusion pressure break through (NPPB) was first described

by Spetzler et al (33), who assessed that the normal brain parenchyma
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surrounding the AVM is subjected to the chronic vascular steal
phenomenon by the AVM and disturbed vascular aut§ regulation. The
acute reduction of flow after resection of an AVM, re-establishes a
normal flow in the surrounding brain; the lack of autoregulation
results in disruption of local capillary beds and produces subsequent
brain edema or hemorrhage. There is experimental evidence of the
theory that vasomotor regulation can be seriously impaired due to the

long period of arteriole inactivity (25).

Sekhan LH et al. (30) surgicélly created arteriovenous fistula
(cardtid-jugular fistula) in the rats and experimentally created chronic
cerebral hypoperfusion with a reduction in CBF of between 25-to
50%. They observed increased capillary density and absent astrocytic
foot process in the CA1 pyramidal cell region of the hippocampus and
believe that a structural accompaniment to the hemodynamic changes
that occur in brain in the vicinity of cerebral AVM made them prone
to mechanical weakness and instability following the increase in

perfusion pressure that occurs in adjacent brain parenchyma after

AVM excision.

Al-Rodhan et al. (45) suggested that “occlusive hyperemia”
might be the actual pathophysiological process explaining post-

+ operative hemorrhage and brain edema that might otherwise be
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described as normal perfusion pressure break through in AVM
patients. The basis of occlusive hyperemia is obstruction of the

venous outflow system of adjacent brain parenchyma, with subsequent

passive hyperemia and engorgement.

Regardless of whether arterial autoregulatory override (i.e.
NPPB) or venous occlusion is responsible for the pathological

process, both are manifested by capillary rupture and breakdown of

the blood-brain barrier.

Folkow et al (40) showed an adaptive structural change of the
resistance vessels in chronically hypotensive beds with medial
hypertrophy, loss of contractile strength, and decreased resistence and
greatly increased lumina in arterioles of chronically underperfused
vascular beds in animal models. The maximal contragtile strength and

steepness of the resistance curve were decreased.

Recently, effects of the endovascular and radiosurgical
treatment on hemodynamics of AVMs were studied and a favourable

outcome was observed in term of reduction of arteriovenous shunting

and cerebral steal.

Wan-Yuo Guo et al. (34), studied 19 patients with AVM with
MR perfusion imaging performed in before and after radiosurgery.

They demonstrated Postradiosurgical, nidal rCBV and rCBF ratios
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gradually decreased to 1.0, whereas rMTT ratios gradually increased
to 1.0; anterior and posterior immediate perinidal rCBV and rCBF
ratios decreased, indicating reversal of steal toward normal perfusion.
AVM nidal volumes were observed to be decreasing after

radiosurgery on follow up imaging.

Crongqvist et al. (35) studied 21 patients of AVMs with
perfusion MR before and after embolization. Seventeen perfusion MR
imagings (85%) were abnormal with increased rCBF énd rCBV at the
site of the AVMs before embolization. No major differences were
noted between rCBF and rCBV patterns in other areas of the
ipsilateral parenchyma versus the contralateral hemisphere, with 2
exceptions. MTT did not reveal any obvious hemodynamic
disturbances in 18/20 MR imagings (90%). The final MR imaging
revealed decreased AVM size and perfusion disturbances in all treated
AVMs. Decreases in rCBF and rCBV within and around the AVM
were found after 19/40 procedures while rCBF and rCBV remained

unchanged after equal number of procedures i.e., 19/40 procedures.
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MATERIAL AND METHOD

Subjects: -

This prospective study was done between 01 January 2004 to

31 September 2006.

All patient were referred with clinical and imaging diagnosis of

Cerebral AVM.

All patients were referred to department Imaging Sciences and
Interventional Radiology, (IS & IR), SCTIMST, Trivandrum, Kerala,

India, for endovascular treatment of AVM.
A total of 15 patients were included in the study.

Two patients were excluded form the data analysis; one had
right transverse-sigmoid sinus DAVF and other had a large
postoperative MCA territory infarct, ipsilateral to the temporal AVM,
after an emergencey evacuation of intracranial hematoma, three

month prior to the referral to the hospital.

Thirteen patients (10 male, 3 female) of cerebral arteriovenous
malformation (AVMs) were prospectively studied with conventional

MR imaging as well DWI and MR perfusion study.
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Ten patients underwent 25 endovascular procedures and 3

patients underwent surgical excision of the AVMs.

Eight patients were imaged before and after the AVM

embolilzation.

A total of 24 MR perfusion studies carried out in 15 patients.
One patient who underwent 2 setting of AVM embolisation was

imaged before and after each setting of embolisation.

The mean age of the patients was 29 years (range from 15 to

48years).

All patients were symptomatic at presentation. Most commonly
patients prescribed with partial seizures (6 patients) followed by intra
parenchymal bleed (4 patients), chronic headache (3 patients) and

LOC with speech arrest (1 patient).

At the time of presentation, two patients had neurological
deficit; one patient had residual right hemiparesis due to previous
intracranial bleed and another patient with AVM in left visual cortex,

had right homonymous superior quadrantopia.
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Inclusion criteria:
1. Compact nidus AVM
2. AVMs, previously never embolised.
3. AVMs previously never bled.

4. AVMs previously not treated (surgical, radiotherapy or

endovascular)

. Exclusion Criteria:-
1. Diffuse AVMs
2. AVM patients with stroke.
3. Infratentorial AVMs.
4. Dural anteriovenous malformation.
5. Multiple AVMs.

~AVM GRADING (SPETZLER MARTIN GRADING)
AVMs were graded according to the Spetzler Martin grading (96).

The Spetzler and Martin (1986) classification (96) was
established to grade AVMs according to their degree of surgical

difficulty and the risk of surgical morbidity and mortility. To assign
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an AVM grade, the size, the venous drainage, and the eloquence of
the adjacent brain are determined from angiography, computed
tomography, and MR imaging. A numerical value is assigned for each

of the categories:

SIZE: The sizes of the AVMs were determined (excluding the feeding
arteries and draining veins) by correlating the measurements from the
corresponding digital subtraction angiography (DSA) and the MR

imaging.
Small (<3 cm) :1; Medium (3-6 cm ):2; Large (>6cm): 3

ELOQUENCE: Eloquent areas include superficial cortical areas
(primary motor, sensory,visual & language areas) and deep eloquent

areas (hypothalamus, thalamus, brainstem & cerebellar peduncles).
Non-eloquent :0; Eloquent: 1

PATTERN OF VENOUS DRAINAGE :

Superficial :0; Deep 01

The grade of AVMs is obtained by summing up the points

assigned for each category.

GRADE OF AVM = SIZE + ELOQUENCE + VENOUS

DRAINAGE



AVM Characteristics

AVM No. of Cases
— Eloquent -4
1. SITE
—— Non-eloquent - 10
—— Deep -3
2. Venous Drainage [ Superficial - 10
— Both -1
— Grade | -4
— Grade 11 -4
3. AVM GRADE |— GradeIll -4
— QGrade IV -1
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Table 1 : AVM Characterestics

Case/Age

Clinical

Size

Venous

/Sex Presentation Site (APxWxHcm) | Drainage Grade
1/37yrs/M | Headache Left parietal 4.2x3.4x3.7 |Deep 11
2/29yrs/F ipeech Left Insular  |4.3 x3.8x2.5 | Superficial |II

rrest :
3/15yrs/F Seizure Left Premotor | 2.3 x 1.3 x 2.4 | Superficial |I
4/27yrs/M | Seizure Left Temporal |3.8 x2 x 2.5 Deep I11
siyrsM | halamic g on g otamus | 1.4 x 1.3 x 1.7 | Deep 11
bleed
6/4yrs/M Headache Left Occipital [5x3.3x3.8 Superficial IV
7/24yrs/M | Seizure Left frontal 1.9x 1.5x 1.7 | Superficial |I
8/31yrs/F | Seizure Left temporal |3.3x2.6x4 Superficial | II
9/36yrs/M | Seizure Left temporal |4.6 x 3.5 x 3.2 | Superficial |y
+ Deep

10/23yrs/M | Seizure Right 4x35x28 Superficial |1I

Premotor

| Right

11/23yrs/M | ICH Fusiform 1.35 x 1.3x2 Superficial |1

gyrus ‘

Left ..
12/46yrs/M | ICH 3.4x2.3x2.5 |Superficial |III

Precuneus
13/48 yrs/ | geizures Right Sensory |, 5 5 4423 |Superficial |11
M motor cortex ;
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MR Examinations

All patients underwent MR Imaging including standard routine
sequences for brain imaging as well as diffusion weighted imaging
and perfusion MR imaging, before the embolization. Embolization
was electively planned two or three days later. Diagnostic cerebral
angiogram» and embolization were done in the same setting in all

patients except one patient.

Eight patients underwent MR study after embolization, using

same MR imaging protocols.

All examinations were conducted with a 1.5 T whole-body MR
unit ,Magnetom (Magnetome  Avanto,Tim 76X18 SQ Engine,
Siemens medical system, Erlangen, Germany) with high-performance
»gradients (master gradients), with a maximum slew rate of 200
mT/m/msec and a maximum strength 45 mT/m. A standard transmit-

receive birdcage head coil was used.

MR Protocol: -

‘Following sequences were performed before and after the procedure:
» SE T1W: Axials

» FSE T2W: Axials, Coronals and Sagittals
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» FLAIR: Axials
> DWI & ADC Maps
> Dynamic Susceptible Contrast (DSC) Perfusion Imaging

The MR examination began with the acquisition of anatomic
i‘mages of the whole brain by using dual echo intermvediate (PD) and
T2-weighted fast spin echo sequences, spin' echo T1-weighted and
FLAIR sequences. Thié sequences were being follox;ved by DWI and

perfusion imaging.
SEQUENCE PARAMETERS :
T2-weighted sequences:

Sections, 20; Thickness, 5 mm; Slice gap, 1.5 mm; Field of view,

230 mm;

Matrix, 256 x 256. Repetition time msec/Echo times (TEs) msec/NEX,

3,800/22, 90/1;

Flip angle, 150°; turbo factor of 5 and bandwidth of 130 Hz/pix.
T1-weighted sequences:

Sections, 20; Thickness, 5 mm; Slice gap, 1.5 mm; Field of view, 230

mm;
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Matrix, 256 x 256. Repetition time(TR) msec/Echo times (TEs)

msec/NEX, 735/14/1;
Flip angle, 70° and bandwidth of 86 Hz/pix.
FLAIR sequences:

Sections, 20; Thickness, 5 mm; Slice gap, 1.5 mm; Field of view,

230 mm; |

Matrix, 256 x 256. Repetition time (TR) /Echo times (TEs) /Inversion

time(TI), 900/108/2500 msec; flip angle, 150°; turbo factor of 21 and

bandwidth of 130 Hz/pix.
Diffusion weighted imaging:

Transverse DWI was performed by using a SE echo-planar
imaging (EPI) technique with diffusion-encoding gradiénts applied in
3 orthogonal directions (section, read, and phase) with 3 b values

(0, 500, and 1000 s/mm?). The parameters used were :

TR/TE, 3100/96 msec; NEX, 3; number of slices, 20; slice
thickness/gap, 5/1.5 mm; FOV, 230 mm; matrix size, 128 x 128
matrix; band width of 1502 Hz/pix and EPI factor of 128. Mean
apparent diffusion coefficient (ADC) maps, based on the 3 individual

gradient directions, were calculated.
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Dynamic susceptibility-weighted contrast-enhanced MR imaging. —

Perfusion MR imaging was performed using by using dynamic
susceptibility contrast MR imaging based on rapid gradient-echo
single shot EPI echo-planar imaging technique, with an echo-planar
imaging factor of 128, and a bandwidth per pixel, or BW,, of 1502

Hz. The imaging parameters were:

TR/TE,1460/43; NEX,1; flip angle, 90° ; slice thickness/ slice

gap, 5 /1.5 mm; FOV, 230 mm; and matrix, 256 x 256.

Before injecting contrast, 14 X 60 baseliﬁe images were
obtained then 15 ml of contrast agent, gadbteric acid ( Dotarem;
Guerbet, France) was injected intravenously via an antecubital 18-
gauge cannula by using a MR-compatible power injector (Spectris;
Medrad, Volkach, Germany) at a flow rate of 5 mL/sec. Total 13
sections and 60 measurements per section were obtained so that a
total of 960 dynamic images per perfusion study was acquired for
analysis; total acquisition time was 1.33 seconds. Motion artifacts
were prevented‘ with fixation of the patient’s head in the 12-channel

head matrix coil with a vacuum cushion.

At least one section was positioned at the level of the middle
cerebral artery to obtain the arterial input function; after a 90°

excitation pulse, a GRE echo-planar MR image was acquired first.
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Following a 180° section-selective refocusing pulse, a spin-
echo echo-planar MR image of the same section was recorded. The TE
for the GRE and spin-echo MR images was 35 and 105 msec,

respectively.
Processing of dynamic MR images.—

All perfusion imaging data were transferred to a workstation
Leonardo (Perfusion Software Package, syngo,Siemens Medical
Systems) and the perfusion data were converted into concentration-
time curves with the assumption that the change in relaxivity,
calculated as AR2* = A(1/T2*),is proportional to the time-dependent
contrast medium concentration, calculated as AR2*(¢) = k[CA], where
t is time, k is a field-strength- and pulse sequence—specific constant,
and [CA] represents the concentration of the contrast agent. Dynamic
susceptibility-weighted  contrast-enhanced @ MR  images  were
posti)rocessed by using singular value decomposition and
deconvolution as described by Ostergaard et al (7). Measured signals,
S (t), were converted to relative concentration time courses, ¢ (), in a
voxel-by-voxel manner by using the mean baseline signal, Sy, with the

following equation:

c(f)y = — 1/TE In[S(£)/S;]). (3)
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S (t) : Measured signals, ¢ (¢): relative concentration time courses, Sy.

mean baseline signal.

The arterial input function was determined in a section that
contained large arteries (preferably the middle cerebral aftery in
plane). The arterial input function was determined from an artery in
the Sylvian fissure contralateral to the AVM. The arteries component
indicated in-plane major branches of cerebral arteries-and AVM nidus.
The arteries components were used as a mask to produce an averaged
arterial signal intensity-time curve and arterial input function (i.e., an
averaged concentration-time curve of arterial area). Tracer
concentration-time curves can then be analyzed to determine various
tissue hemodynamic parameters, such as tissue bloo‘d volume, blood
flow, transit time, and bolus arrival time. Cerebral blood volume
refers to the volume of blood in a given region of brain tissue,
commonly measured in milliliters per 100 g of brain tissue. Cerebral
blood flow refers to the volume of biood per unit time passing through
a given region of brain tissue, commonly measured in milliliter per
minute per 100 g of brain tissue. Mean transit time refers to the
average time it takes blood to pass through‘ a given region of brain

tissue, commonly measured in seconds.
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Based on residue detection in indicator dilution theory, the
relative cerebral blood volume (rCBV) in a voxel is proportional to
the area under the concentration-time curve in a voxel (8,9). The
relative cerebral blood flow (rCBF) was computed by means of the
singular value deconvolution method (10). The relative mean transient
time (rMTT) of contrast agent particles was defined as the ratio
between rCBV and rCBF according to the central volume principle
(11,12). Assuming high maximum signal decay, short arrival time,
and small full width at half maximum, we identified candidate voxels
by using an automated algorithm. The arterial input function voxels
were then selected manually. Singular value decor.npositionv of the
triangular matrix filled with the arterial input function was performed,
and deconvolution of all voxel time courses of all sections was
performed by using thresholds between 5% and 15% for the singular
values, depending on the contrast-to-noise ratio of the measurement.
Relative CBF, relative CBV, and mean transit time maps were
generated voxel by voxel from the maximum of the deconvolved
function, numerical integration of ¢ (¢), and the ratio of relative CBV

to relative CBF, respectively.

CBYV calculated from the area under the curve; and CBF index,
equal to CBV/apparent MTT. These maps do not afford quantitative

assessment of brain hemodynamics but provide indicators of
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hemodynamic disturbances. They can be interpreted visually or
semiquantitatively by calculating the ratio or difference between the
values in an ROI placed in the abnormal area and a mirror ROI placed

in the contralateral area considered as a normal reference.

Data Analysis :

ROI-based qaantitative analysis of perfusion variables. —

The largest nidal section was chosen for calculation of
hemodynamic parameters. The measurement was based on the
assumption that the image section having the largest nidal diameter
represented the most significant section for AVM hemodynamic

alterations.

The areas in the vicinity of the AVM nidus defined as the ROIs
(region of interest) for perfusion measurement and their homologous
ROIs in the contralateral hemisphere as the intrasubject control. ROI

of 5 pixels were placed manually on AVM target sections as follows:

N: AVM nidus;

IPN: Immediately perinidal region within 1 cm on the AVM nidus.
Immediate perinidal region is divided into immediate anterior and

immediate posterior perinidal regions.
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R: Remote, brain parenchyma > 1 cm to the nidus.

Whenever possible, remote areas were taken in anterior as well
as posterior to the AVM nidus, however, in case where AVM had
involved the frontal lébe, occipital lobe was taken as remote area
and similarly, if the AVM had involved occipital lobe, frontal lobe
w‘as taken as remote area. If it is not possible to select ROI in the
same selected plane then, remote ROI was chosen in the one‘section
above or below the chosen target section. If both the anterior and
posterior ROIs measurements are decreasing or increasing together,
then average of both the measurements were taken;" otherwise both

were noted down separately.

Similar ROIs in the contralateral hemisphere (N1, IPN1, and

R1) served as internal references. Perfusion fatios of ROI-ROI1 were

defined.

Perfusion map relative cerebral blood volume (rCBV), cerebral

blood flow (rCBF), and mean transient time (rMTT) were assessed.

Relative rCBF and rCBV maps were color coded after
normalization to the relative rCBF and rCBV values of the

contralateral normal brain parenchyma.
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Abnormally high nidal rCBV and rCBi? ratios and low nidal
rMTT ratios indicated high flow transnidal shﬁnts in AVMs.
Abnormal rCBV and rCBF ratios in immediate and remote areas
indicated brain perfusion disturbance of the hemisphere secondary to

the steal phenomenon.

Patient management :

The entire patients were selectively planned for endovascular
treatment of the cerebral AVMs. Patients were admitted one to three
days prior to the day of embolisation. All the patients were
investigated with routine hemogram, blood coagulation profile, HIV—
HBsAg status and cardiac status. CT scans head (plain) and MRI
brain was done as a basesline structural imaging and also to know the

size of the AVM nidus and exact site (eloquence).

Preoperative clinical assessment includes and detailed

neurological examination and visual field charting.

Anticonvulsant medication (Tab Eption 100 mg three times a
day) was used only in-patient who have had previous seizures or

intracerebral hematoma or subarachnoid hemorrhage.
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Patient preparation:

Patients were kept nil per orally after midnight except for the
antiepileptic ~ drug that was allowed to take in the morning.
Premedication included Tab Diazepam (0.1 — 0.2 mg/kg ) 90 minutes
before and Inj. Glycolpyrolate (0.2 mg intramuscular ) half an hour

before shifting the patint to the cath lab.
Procedure:

All patients were catheterized in the Cath lab to monitor urine

output and also avoid urinary retention.
All cases were done under general anesthesia.

Once the patient was on the table, blood pressure cuff, ECG
leads, oxygen saturation finger pad was connected and continous

monitoring of vitals and oxygen saturation was done.

Induction of anesthesia was done by titration of propofol and
fentanyl and/or midazolam intravenous infusion. Bolus dose of
muscle relaxant was given at the time of the induction ( Pancuronium,
8 mg intravenously). General anesthesia was maintained with
inhalation agents (Isoflurane and/or Propofol) and muscle relaxant
( Pancuronium , 1-2 mg every 90 minutes) was given intermittently.

Intraarterial systemic blood pressure monitoring was done throughout
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the procedure and during controlled hypotension at the time of glue
injection. Continous bispectral index ( BIS ) monitoring was done for

very rigid control of depth of sedation.

A GE uniplanar Digital Subtraction Angiography unit [GE
Advantex system, DLX LCV, Milwaukee, Illinois, USA] was used
for all DSA and interventions. A nonionic, low-osmolalr contrast agent
(240 mg/mL Omnipaque, Amersham Health tGE Health Care, Oslo,
Norway]) was used in all procedures. Right commo‘n femoral artery
was punctured and 7F short sheath (Avanti+,Cordis,Miami,USA) was

placed using seldingers technique.

After placing the sheath, 7000 to 10,000U of loading dose of
heparin (70 — 100U/kg) was given as bolus through the sheath and
then the systemic heparinization was maintained to keep APTT 2 to 3
times normal by repeating heparin 1000 U every hour. The flush
solution for syringes was heparinized, and the guiding catheter was

connected to a continuous flush of heparinised NaCl solution.

Preprocedure diagnostic angiogram was done using 4F vertebral
glide (Terumo, Tokyo,Japan). Bilateral selective internal carotids and
vertebral injection in three standard projections ( Anterioposterior,
oblique and lateral views )were obtained. Additional views were

obtained at varying angles to study the angioarctecture of the AVM
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and to separately identify the feeding vessels from the adjacent nidus

and draining veins.

For the AVM embolisation, 90cm long 7F guiding sheath (Launcher,
Medtronic,Minneapolis,USA) was kept at CCA or distal vertebral artery of
the involved site and then flow guided microcatheter was taken over the
stelate in ICA or vertebral and was allowed to propogare in the feeder.
Embolisation was carried out intranidally. The microcatheters used were the
Spinnaker Elite 1.5 or 1.8 F (Boston Scientific, Target, CA, USA) / Ultraflow
1.5-1.8 F (MicroTherapeutics [MTI], Irvine, Calif) or Magic 1.2 or 1.5 F
(Balt Extrusion, Montmorency, France). The Trascend 0.10” (Boston
Sciehtiﬁc, Target, CA, _USA) and the Agility 0.10” (Boston Scientific,
Target, CA, USA) were the most frequently used microwires. Flow guided
microcatheters (Spinnaker Elite 1.5 or 1.8 F) over stelet was taken upto the tip
of the guiding catheter and then stelet was removed and microcathéter was
gently pushed to the desired feeder artery and was taken as distal as
possible. In case microcatheter was not propagating a microguidewire was

used for selective catheterization of the feeder artery.

Selective catheterization of the feeder artery was achieved by one of

the following manuvere.

1. Flushing the microcatheter with pure saline or diluted

contrast with different pressure using 1ml leurlock syringe.

2. Raising the systemic blood pressure.

{1



3. Temporary manually compressing the contralateral cervical
ICA to increase the flow across Acom and to facilitate

selective catheterization of ACA.

4. By using micro-guidewire (Transcend 0.010” or agility

0.010) to provide more stiffness and increase pushability.

Most commonly N-Butyl-2 cyarioacrylate (Histocryl, Braun,
Melsungen, Germany and Nectacryl, Nectar , AP, INDIA) was used for
embolisation. Lipodol ( Guerbet, Aulnag, Sous Bois, France) was uséd
for making optimal concentration of the glue (from 17 to 80%) and also
for imparting the visualization of the glue. For glue injection, best
projection was selected to separate the feeder artery, nidus and draining
vein and to visualize the tip of the micro catheter then test injection was
performed to judge the rate of blood flow across the AVM nidus and

thereafter to decide the glue concentration.
More concentrated glue was used in following conditions:

(1) High flow AVMs and macro—AVFs, with a risk of escape of glue

to the venous side, occluding the venous drainage.

(2) When the security distance from the tip of the micro catheter to

normal arteries is short.

(3) When the origin of a vein, which should not be occluded, is

very close to the catheter tip.
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Glue injection was carried out under DSA mode, on road map
and occasionally under fluoroscopy. The glue was injected very
slowly to avoid the formation of multiple little drops of glue exiting
to rapidly and spreéding quickly in the veins. In case of high flow
AVMs and macro—AVFs, high concentration of gluee(SO — 80%) was
injected under control hypotension. Control hypotension (Mean BP
of 50 -600 mm of Hg) was achieved most commonly by Sodium
Nitroprusside infusion (SNP, @ 1-5 mic. /Kg/min) and the aim behind
it is to produce vasodilatation of normal brain (where the
autoregulation is intact), while diverging the blood away from the
malformation and slowing the flow through the nidus, thus allowing

better filling of the nidus.

At the end of the injection the guiding catheter was pulled
down into the aorta and then microcatheter was withdrawn inside the
guiding catheter and both were taken out of the sheath together. Then
check angiogram was done to see the percentage reduction of nidus
size, reduction in AV shunt and venous drainage pattern. Depending
upon the number of primary feeding arteries, size of the nidus, venous
drainage, lécation of the AVM etc., one or multiple feeder arteries
were embolized in the same setting with an aim of achiving maximum
nidus reduction without increasing the risk of normal peffusion

pressure breakdown.

Liquid polymer Onyx (EV3; MTI) was used in 3 cases; Other

embolic agents used were absolute alcohol (7 patients), PVA particles
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for dural feeders in of mixed — pial dural AVM (in one patient) and in
one case, 11 coils were deployed in the venous sac to reduce the flow
in arteriovenous fistula and followed by embolization of the feeder

using 80% glue.
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Table 2 : ENDOVASCULAR PROCEDURE:

No. of
No. of Feeders
Case Microcatheter | Embolic Agent
Embolised
Used
NBCA +
1 5 4 SPK
Alcohol (12m)
2 7 5 SPK +1.MTI |NBCA + ONYX
3 1 1 Alcohol (20ml)
4 2 1 SPK Alcohol (27ml)
5 . 1 SPK + NBCA +
1 Magic Alcohol (3ml)
NBCA +
6 5 3 SPK
Alcohol + PVA
7 2 1 SPK Alcohol (12ml)
1 MTI +
8 1 Onyx
1 SPK
NBCA +
9 1 4 SPK ,
Alcohol
10 : 1 SPK+ 11GDC Coils +
1 EXCEL NBCA (80%)
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Table 3 : Percentage Nidus Occlusion

Case No  Nidus Occlusion (%) No. of Settings
1 70-90%; AVF Occluded 2
2 80-90% 2
3 No Significant reduction 1
| 4‘ 80% AV Shunt, Markedly reducted 1
5 50-60% 1
6 40% 1
7 40/50% 1
8 50% 1
9 50-60% 1
10. 50-60%; AVF Occluded 1
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Table 4 : Histoacryl Concentration Chart

No. Concentration Histoacryl - Lipidol
1 15% 0.5ml 2.8ml
2 17% 0.5ml 2.4ml
3 20% 0.5ml 2ml

4 22% 0.5ml 1.7ml
5 25% 0.5ml 1.5ml
6 33% 0.5ml 1.0ml
7 40% 1.0ml 1.5ml
8 50% 0.5ml 0.5ml
9 60% 1.5ml 1ml

10 66% Iml Iml

11 75% 1.5ml 0.5ml
12 80% 2ml 0.5ml
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POSTPROCEDURE MANAGEMENT :

All except one patients were extubated on the table after the
procedure. Reversal of general anesthesia was achived by
withdrawing the inhalation agents and Inj. Glycopyrolate ( 0.4 mg)
and Neostigmine (2.5 — 3 mg ) intravenously. No fresh neurological
deficit was noted in any of patient. One patient, who had
intraprocedural bleed in the brain due to feeding artery rupture, was
not extubated only after 24 hours of the procedure. All patients were
shifted to neurointensive care unit and kept for 24 to 48 hours after
the procedure and remained hospitalized for another 3—6 days before

discharge.

Intraarterial BP, Heart rate and Oxygen saturation was

monitored continously.

Postprocedure, the blood pressure was kept below the baseline
BP (Systolic BP of 110-120 mm Hg) using infusion of Sodium
Nitruprusside (@ 1-3 mic/Kg/min) or NTG (@1-5 mic./Kg/min) for

24 to 48 hours.

All patients were administered steroids (Inj. Dexamethasone, 4
mg three times a day) and Mannitol (75-100 ml twice daily, 0.25-1
gm/Kg) intravenously for 2 days after the embolizations

Neurological examination was performed regularly
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Adverse Events Noted during the Endovascular Procedure

Of the 10 patients undergoing embolization of cerebral AVM ,

two patient had intraprocedural complication.

One patient had feeder artery rupture while pulling out the
microcatheter at the end of onyx injection immediately, the feeder
artery was recatherized with spinnaker elite 1.5F and the ruptured
feeder artery was sealed with 20 % NBCA. Immediate CT scan
showed left temporal hematoma; patient was electively ventilated for
24 hours and extubation after 24 hours, neurological exmination show
no fresh defecit, however patient complained of mild paresthesia in

right side of face which subsided spontaneously within few days.

Another patient with left premotor AVM, had mild right
hemiparesis (power grade 4/5) with mild right facial paresis and had
motor aphasia after alcohol embolization.CT scan after 48 hours and
MRI after 10 day showed moderate perinidal vasogenic edema.
Patient was managed conservatively with antiedema measures,
physiotherapy and speech therapy. At the time of discharge, the
patient was almost completely recovered except for the mild difficulty
in performing finer activity by right hand and had mild decrease in

word output.

Rest of the patients was neurologically intact after the procedure.
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'RESULTS

Patients and clinical presentation:-

A total of 15 patients were included in the study. Two 'patients
were excluded form the data analysis, one with right transverse-
sigmoid sinus DAVF and another patient with left temporal AVM who
had large ipsilateral MCA territory stroke at the time of presentation
( the patient had suffered the stroke after hemat'oma evacuation,

before being referred for embolisation).

Thirteen patients (10male, 3 female) of cerebral arteriovenous
malformation (AVMs) were prospectively studied with conventional
MR imaging as well DWI and MR perfusion study. Ten patients
underwent 25 endovascualar procedures and 3 patients underwent
surgical excision of the AVMs. Eight patients were imaged before
and after the AVM embolilzation. A total of 24 MR perfusion studies
carried out in 15 patients. One patient who underwent 2 setting of
AVM embolisation was imaged before and after each setting of

embolisation.

The mean age of the patients was 29 years (range from 15 year

to 48yr).
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All patients were symptomatic at presentation. Most commonly
patients prescribed with partial seizures (6 patients) followed by intra
parenchymal bleed (4 patients), chronic headache (3 patients) and

LOC with speech arrest (1 patient).

At the time of presentation, two patients had neurological
defecit; one patient had residual right hemiparesis due to previous
intracranial bleed and another patient with AVM in left visual cortex,

had right homonymous superior quadrantopia.
AVM CHARACTERISTICS:

Location: All cerebral AVMs were located in supratentorium; 4
AVMs were present in eloquent areas (2 AVMs in visual cortex, 1 thalamic
and 1 in sensory-motor cortex), 10 were in non-eloquent areas (4 temporal

lobe, 1 insular, 3 frontal, 1 occipital and 1 parietal lobe).

Venous drainage : Venous drainage was most commonly to
superficial venous system via dilated, ectatic cortical veins (10 patients),
followed by deep venous system in 3 patients and in one patient the AVM

nidus was draining in both deep and superficial venous system.

GRADE (Spetzler Martin Grading) : Four patients were of

grade III, 4 patients were of grade II, 3 patients are of grade I and 1

patient was of grade IV.
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CONVENTIONAL AND DIFFUSION WEIGHTED MR

IMAGING :

(A) BASELINE MR IMAGING ( PRE INTERVENTION ) :

The AVM nidus was noted as network of flow voids with
adjacent dilated ectatic flow voids converging to deep or superficial
venous system. Flow of the voids shows hyperintensity signal

intensity on T1W suggestive of slow venous flow.
The AVM nidus per se was hypointense on FLAIR.

Perinidal focal area of hyperintensity on FLAIR sequences

suggestive of gliosis is noted in 4 cases.

Except for one AVM, none of the AVM shows any mass effect

before treatment.

On DWI, the AVM nidus was profoundly hypo intense on DWI
and hyper intense on ADC map. Veins were seen as hypointense
rounded or linear structures within the hyperintensity on ADC map.
Large venous sac was hypointense on both DWI and ADC maps.

Baseline DWI did not reveal recent ischemia in any of the patients.
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(B) POSTEMBOLIZATION MR IMAGING:

Out of 13 patients with cerebral AVM, 10 patients underwent

endovascular treatment.

Eight of them were imaged after the embolization. The time gap

between the embolization and MR study was form 2 day to 1 month.
Posttreatment MR imagings were abnormal in all patients.

Of the 8 patients who were studied after the embolization, 5 of
them showed diffuse nidal hyperintensity on FLAIR sequences
suggestive of nidal thrombosis. Only glue (NBCA / Onyx) was used
in 4 of patients, absolute alcohol alone in 4 patients and combined

alcohol and glue in 3 patients.

All of the patients, who were embolized with glue, show focal
and linear hyperintensity on TIW and T2W sequences suggestive of

glue cast.

Absolute alcohol as the only embolic agent in 3 patients; 2 of
them show moderate perinidal vasogenic edema. The probbable
explanation is alcohol reflux into the proximal branches or the feeder

might be supplying the normal territory ( Enpasscent feeder ), but
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alcohol extravasationﬂ should cause, cytotoxic edema instead of
vasogenic edema but since the imaging study was done on 10 day
after the procedures, therefore vasogenic edema rather than cytotoxic
edema was observed. Another possible explanation to account for the
perinidal hyperinteﬁsity is progressive nidal-‘perinidal and draining
vein thrombosis but none of these 2 patients show any nidal
hyperintensity on FLAIR suggesting any nidal thrombosis. Also in 2
cases where, nidal hyperintensity as well as draining vein thrombosis
was noted after 2™ day of glue (NBCA) embolization, both cases did
not show any vasogenic edema, instead both cases show focal
immediate peri nidal restriction on DWI suggestive of cytotoxic
edema which is most likely due to ischaemic infarct or rarely due to
venous thrombosis. Venous thrombosis rarely can cause cystotoxic

edema instead of vasogenic edema.

In 2 cases multiple focal hyper intensities were noted within the

nidus in DWI suggestive of intranidal thrombosis.
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Table 5 :

New Findings in postembolization MR Imaging:

Case 1

Perinidal ischaemic infarcts

» Venous sac thrombosis

Case 2

» Perinidal ischaemic infarct

» Draining vein thrombosis

Mass Effect.

Case 3

» Peri nidal vasogenic edema

» Focal bleed in peri nidal region.

A\

Mass effect.

Case 4

VvV V V V¥V

Perinidal vasogenic edema
Perinidal focal bleed

Embolic infarct left motor cortex

Mass effect

Case 5

Infarct in splenium

Case 6

Focal areas of restriction / hyper intensities within
nidus suggestive of nidal thrombosis

Case 7

Focal areas of restriction/hyper intensities within
nidus suggestive of nidal thrombosis.

Embolic infarct left sensory cortex

67




MR PERFUSION STUDY
Baseline MR perfusion study

Thirteen patients of cerebral AVMs underwent pretreatment MR
perfusion study. All MR imagings were abnormal with increased
rCBF and rCBV at the site of the AVM nidus as Well as along the
pathway of the draining veins. The extent of rCBF and rCBYV increase

within each patient was almost always approximately similar.

The rCBV color map is overestimating the extent of the AVM
nidus.it may be difficult to select ROI without any inclusion of

adjacent nidus or draining vein.

PERFUSION IN IMMEDIATE PERINIDAL AND REMOTE

REGION:

All of the cerebral AVMs show hemodynamic alterations
adjacent to the nidus (immediate perinidal region). The most common
hemodynamic alteration in immediate perinidal region was decrease
perfusion (Low rCBV and rCBF), occuring in nearly 70% of the
cases (9/13 patients). In 3 patients, immediate perfusion ( rCBV and
rCBF) was high, whereas one patient had increase perfusion in
immediate perinidal region and decrease in posterior perinidal

region.
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rMTT did not reveal any obvious hemodynamic disturbances in

immediate perinidal region in 7 patients (68%).

Five patients show decreased immediate perinidal rCBV that
increased to 1 after embolization in 3 patients. Similarly, in 6
patients immediate perinidal rMTT was reduced and it increased to 1

in 3 patients after embolization.

In 4 patients, rCBV, r CBF and r MTT all were decreased in
immediate perinidal region; which could be due to steal effect rather
than due to permanent changes like gliosis in the perinidal brain

tissue.

On the other hand, 38 % of the patients (5 out of 13 patients)
show no perfusion aBnormality in remote brain parenchyma, all of
them had smaller AVM nidus (< 3cm) with only mild to moderate
arterio-venous shunting. Three patients had 1ow perfusioﬁ and 4

patients had increased perfusion in remote areas.

PERFUSION IN AVM NIDUS (rCBV, rCBF AND r MTT):

Both rCBV and rCBF were invariably increased within the
nidus although; frequently increase in rCBF is more than the increase
in rCBV so that rMTT is more frequently reduced (r MTT <1) within

the nidus.
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Infact, increase in intranidal rCBV and rCBF with decrease
rtMTT less than 1 is suggestive of intranidal arteriovenous shunting

and was noted in 9 cases.

Out of these 9 cases, 6 patients showed reduction of rCBV and r
CBF after embolization and rMTT increased to 1 suggestive of
reduction in intranidal arteriovenous shunting. This finding is well

confirmed in posterhbolization final check angiogram.
In 4 patients intranidal r MTT was normal.

Following patterns of perfusion abnormality noted in the

hemisphere ipsilateral to the AVM:

Pattern I: Low perfusion in immediate and normal perfusion in

remote perinidal regions.

Pattern II: Low perfusion in immediate as well as in remote perinidal region.

Pattern III: Low perfusion in immediate perinidal region and high

perfusion in remote areas.

Pattern IV: High perfusion in immediate perinidal region with high perfusion

in remote region.

Pattern V: High perfusion in immediate perinidal region with normal

perfusion in remote region.

Pattern VI: Heterogeneous or mixed immediate perinidal / remote

perfusion.
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Perfusion Patterns No. of Cases

I 4 (Cases 3,4,5,7)
II 2 (Cases 12, 14)
111 3 (Cases1,9,13)
v 1 (Case 6)

\" 1 (Case 8)

VI 2 case 2, 10)
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Baseline MR Perfusion Study

13 patients

Immediate Remote Nidal
perinidal perfusion Perfusion Perfusion
Increase 13 patients.
CL) T Anteriorly
dPosteriorly
3 Patients 7 Patients 1 Patient
2 Patients 2 Patients 4 Patients

72



BASELINE PERINIDAL r CBY

1 34567 8 910111213

PATIENTS
H PERINIDAL
* Baseline perinidal r CBF

3

2.5+

2 -

r CBF 1.5 -

1 -

0.5 1

0 -

1 3 4 5 6 7 8 9 10 11 12 13
Patients

@ PERINIDAL

73



Baseline rCBV

rCBV

Patients

@ PERINIDAL ENIDAL O REMOTE

Baseline rCBF

1 3 4 5 6 7 8 9 1011 12 13

Patients

E PERINIDAL B REMOTE

74



POSTEMBOLISATION MR PERFUSION STUDY

Out of 13 cerebral AVM patients, 8 patients underwent follow
up MR perfusion study. The time gap between embolization and MR

study was from 2 days to 1 month.

Angiographically, significant nidus obliteration (40 to 90%)
achieved in nearly all patients in one or multiple settings.

Obliteration of macro-anteriovenous fistula achieved in 2 cases.

Pre- and post-embolization perfusion MR imaging and

cerebral angiogram was correleated.

Perfusion defect within the embolized portion of the nidus was

seen in most patients.

The final MR imaging revealed decreased AVM size and

perfusion disturbances.

As a rule, postembolisation perfusion MR has shows decreased
in nidal rCBV with return of intranidal rtMTT towards 1 suggestive of
decrease in intranidal arterio-venous shunting. Only exception being
was case 3 in whom perfusion study has not shown any decrease in
perfusion values (rCBV & rCBF) correlating with the final check
angiogram which show only mild decrease in the anteriovenous shunt
without any significant reduction of the nidus after 20 ml of absolute

alcohol injection. .
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Furthermore, there was a trend of reversal of perfusion
abnormality in mediate perinidal regions and remote brain
parenchyma after the embolization. Five patients showed decreased
immediate perinidal rCBV that increased to 1 after embolisation in 3
patients. Similarly, in 6 patients immediate perinidal rMTT was

reduced and it increased to 1 in 3 patients after embolisation.
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Table 6 : PRE AND POST EMBOLISATION MR PERFUSION

Pre embolisation

Post Embolisaton

Case No rCBvV rCBF rMTT rCBV | rCBF rMTT
N 1 1 ! ! ! Normal
R ! ! Normal ! ! Normal
N 1 1 ! ! ! Normal
2 IPN AT/P|l | A1/P| ! At /Pl | At /P] —
R ) ) Normal 1 1 Normal
3 IPN ! ! ! 1l 1l !
R Normal | Normal Normal | Normal | Normal | Normal
N 7 7 ! ! ! !
4 IPN ! ! Normal 11 1l Normal
R Normal | Normal Normal | Normal | Normal | Normal
N 1 ) Normal ! ! !
5 IPN l l Normal 1 1 Normal
R Normal | Normal Normal | Normal | Normal | Normal
N 1 1 Normal ! l Normal
6 IPN 1 1 Normal ! ! Normal
R 1 1 Normal ! ! Normal
N i i ! l l )
7 IPN ! ! ! 1 ) Normal
R Normal | Normal Normal | Normal | Normal | Normal
N 7 T i) ! ! Normal
8 IPN ) 7 ! ! l !
R ) 7 ! ! ! -
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Table 7 : POST-EMBOLISATION MR PERFUSION

Cases Nidal Perinidal Remote
1 ! — l
2 ! Al /P17 t
3 l l !
4 ! ! Normal
5 l 1 Normal
6 ! l !
7 ! 0 Normal
8 ! l !

78




PRE-AND POST-EMBOLIZATION

NIDAL rCBF

80
60
rCBF 40
20

1 23 456 7 8
PATIENTS

B Preembolization
Nidal rCBF

B Postembolizatio
n Nidal rCBF

PRE-AND POST-EMBOLIZATION NIDAL

rCBF & rCBV

60

rCBF 40

1 23 456 7 8
PATIENTS

79

B Preemb nidal r
CBF

B Preemb nidal r
CBV

Postemb nidal r
CBF

[ Postemb nidal r
CBV




CASES ILLUSTRATION:

Case 1: This 37 year old male patient presented with history of
chronic headache not associated with vomiting. CT scan was done to
rule out any structural lesion, and found to have a large AVM in left
parietal region. On examination, patient had no focal neurological
deficit. Preprocedural diagnostic angiogram revealed left parietal
high flow AVM with single hole AVF between the feeder artery and
large draining venous sac. The patient underwent 2 setting of
embolisation in 2-month period and was studied with MR imaging
thrice, before and after each setting of embolisation. The two
consecutive MRIs after each setting of embolisation revealed
progressive thrombosis of the venous sac. The large venous sac was
hypointense in all pulse sequence before the embolisation and after
2" embolisation, the MR study display hyperintense signal intensity

in all pulse sequences suggestive of subacute thrombus.

On DWI, the thrombosed venous sac shows restriction
(hyperintense signal intensity) in the periphery and no restriction

(hyperintense signal intensity) in the center.

Additional area of restriction is noted in immediate perinidal
region on DWI on the final post embolisation MR study suggestive of

perinidal ischaemic infarct. The nidus volume decreased from
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baseline 53.5ml (before embolization) to 37.7ml after 2™

embolisation.

Perfusion study demonstrates decreased nidal perfusion (rCBV
& rCBF) and intranidal rMTT returns towards ‘1 (rMTT=0.33)
suggestive of decrease intranidal arteriovenous shunting, which is
wvell correlated with the post embolisation final angiogram. The
patient had one simple hole macro-arteriovenous fistula which was
embolised which 80% glue and rest of the nidus feeding from the
proximal feeder artery was embolised with 22% glue achieving nearly
80-90% obliteration of the nidus. There was no change in immediate
perinidal perfusion from the baseline perfusion, however, remote

perfusion in frontal lobe decreased.
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Fig. 1 :Case 1 : MR Perfusion study before and after embolisation

Preembolisation high nidal rCBV (M) and rCBF (N).

Posteembolisation perfusion study revealed no flow within the venous
aneurysm and marked reduction of nidal rCBV(O) and rCBF (P) .






Case 2: This 29 year old female had presented with history of two
episodes of LOC and one episode of speech arrest. At the time of
presentation , her neurological status was normal. Cerebral angiogram
revealed left insular large high flow compact nidus AVM .'Multiple feeders
were noted from sylvian branches of left MCA and venous drainage was to
the superficial venous system. Patient ~ underwent two setting of
embolization ; second setting of embolization was done after 6 weeks of
first embolization. Onyx was used in the first setting and n-BCA ( 20% )

was used to embolize the feeders in the second setting.

Baseline perfusion study showed differential perfusion abnormality:
the perfusion was increased in immediate anterior perinidal region and

decrease in posterior perinidal region.

Postembolisation MR was done after 2 day of second setting.
Thrombosis of draining vein of trolard is noted. Restriction on DWI was

noted at immediate posterior perinidal region. ADC values were: 0.78 to 0.9.

The perfusion deficit was reversed after the 2 setting of the
embolisation and rMTT returns to normal in immediate posterior perinidal

region.

In the same patient, remote brain parenchyma showed decreased

perfusion anteriorly as well as posteriorly which after the embolisation

increased and rMTT returns to normal.
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Fig. 2 : Case2 : Left insular AVM before and after embolisation

Diagnostic angiogram showed compact nidus, high flow AVM.

Final check angiogram after 2 setting of embolisation (Onyx & n-BCA)
revealed 80 % reduction in nidus.

Pre embolisation FLAIR (C)and T1IW (D), showed Left insular AVM
nidus without any restriction on DWI (E ) and ADC (F).

Postembolisation FLAIR ( G) and axial TIW (H ) revealed nidal
hyperintensity.

DWI (I)and ADC (J), revealed focal area of restriction in posterior perinidal
region suggesting cytotoxic edema/infarct.
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Fig. 2 :Case 2 : MR Perfusion study before and after embolisation

Preembolisation high nidal rCBV (K )and rCBF (L) and decreased nidal
™MTT.

Postembolisation nidal rCBV (N) and rCBF (O) are markedly reduced and

nidal rMTT increased to 1. rMTT pre- and post embolisation (M & P
respectively).






Case 2: This 29 year old female had presented with history of two
episodes of LOC and one episode of speech arrest. At the time of
presentation , her neurological status was normal. Cerebral angiogram
revealed left insular large high flow compact nidus AVM .‘Multiple feeders
were noted from sylvian branches of left MCA and venous drainage was to
the superficial venous system. Patient ~ underwent two setting of
embolization ; second setting of embolization was done after 6 weeks of
first embolization. Onyx was used in the first setting and n-BCA ( 20% )

was used to embolize the feeders in the second setting.

Baseline perfusion study showed differential perfusion abnormality:
the perfusion was increased in immediate anterior perinidal region and

decrease in posterior perinidal region.

Postembolisation MR was done after 2 day of second setting.
Thrombosis of draining vein of trolard is noted. Restriction on DWI was

noted at immediate posterior perinidal region. ADC values were: 0.78 to 0.9.

The perfusion deficit was reversed after the 2 setting of the
embolisation and rMTT returns to normal in immediate posterior perinidal

region.

In the same patient, remote brain parenchyma showed decreased

perfusion anteriorly as well as posteriorly which after the embolisation

increased and rMTT returns to normal.
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Fig. 2 : Case2 : Left insular AVM before and after embolisation

Diagnostic angiogram showed compact nidus, high flow AVM.

Final check angiogram after 2 setting of embolisation (Onyx & n-BCA)
revealed 80 % reduction in nidus.

Pre embolisation FLAIR (C)and TIW (D), showed Left insular AVM
nidus without any restriction on DWI (E ) and ADC (F).

Postembolisation FLAIR ( G) and axial TIW (H ) revealed nidal
hyperintensity.

DWI (I)and ADC (J), revealed focal area of restriction in posterior perinidal
region suggesting cytotoxic edema/infarct.









Fig. 2 :Case 2 : MR Perfusion study before and after embolisation

Preembolisation high nidal rCBV (K ) and rCBF (L) and decreased nidal
™MTT. .

Postembolisation nidal rCBV (N) and rCBF (O) are markedly reduced and
nidal tMTT increased to 1. rMTT pre- and post embolisation (M & P
respectively).



Case 3: This 15 years female patient presented with history of
sudden onset of severe headache with seizures followed by LOC, 8
months back. CT head showed left frontal hemorrhage with
perilesional edema. MRI scan revealed serpigenous flow voids
adjacent to the hematoma in left frontal lobe suggestive of AVM.
Dignostic angiogram showed left premotor cortex AVM fed by pre-
rélandic and rolandic branch of left MCA and venous drainage was
via superficial cortical vein to superior sagittal sinus. The patient
underwent embolisation after 8 months. The pre-rolandic feeder was
embolised using 20 ml of absolute alcohol. The patient had 3
episodes of focal seizures and had right UMN facial palsy with right
hemiparesis within 24 hours of alcohol embolization. CT hevad after
24 hour revealed perinidal white matter edema. MR study done after
10 days of embolisation showed moderate perinidal vésogenic edema

without any restriction on DWI and ADC maps.
The possible explanation for peinidal vasogenic edema are:

1. Postembolisation thrombosis of feeding artery, nidus as well
as the draining veins, as the venous thrombosis most
commonly cause vasogenic edema rather than cytotoxic

edema.

2. Alcohol extravasation in the perinidal region causing
cellular injury but as the imaging was done on the 10" day,

vasogenic edema rather than cytotaxic edema was observed.
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Focal subacute bleed is also noted anterior to the nidus,

hyperintense on T1W, and iso to hypointense oh T2W images.

Pre-embolization perfusion in immediate perinidal region were
low and after the embolization, the perfusion decreased substantially
and even in some of the ROI, the rCBV was 0 and rCBF was as low as
0;8. However, there was no decrease of intranidal perfusion
suggesting no significant intranidal AV shunt reduction, as it was
shown by the final angiogram. The patient was managed
conservatively with antiedema measures and was recovered near-
completely with except for finer movements of right hand and slight

decrease in speech output.
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Fig. 3 : Case 3 : Premotor cortex AVM before and after embolisation

Diagnostic angiogram showed compact nidus, high flow AVM.

Final check angiogram after 20 ml of absolute alcohol, revealed marked
reduction in arteriovenous shunting.

"Pre embolisation FLAIR (C,D), DWI(E ) and ADC (F) showed compact
AVM nidus in corona radiata without any restriction.

Postembolisation FLAIR (G), axial T1W (H), DWI(I) and ADC (H), after
20 ml of absolute alcohol injection, revealed moderate perinidal edema
and focal bleed in immediate anterior perinidal region. No restriction is
noted in the perinidal edema on DWI suggesting vasogenic nature;focal
area of restriction is noted in anterior perinidal region suggesting intraniadal
thrombosis and/or bleed.









Fig. 3 : Case 3 : MR Perfusion study before and after embolisation

Preembolisation high nidal rCBV (K ) and rCBF (L).

Posteembolisation nidal and perinidal rCBV (M) and rCBF (N) are markedly
reduced .






Fig. 4 : Case 4 : Left temporal AVM before and after embolisation

Diagnostic angiogram (A) showed left temporal, compact nidus high flow
AVM, draining to deep venous system. '

Final check angiogram (B) after 27 ml of absolute alcohol, revealed marked
reduction in arteriovenous shunting.

* Postembolisation DWI (C, D) and ADC (E, F), axial T2W (G,H), TIW (1)
and CT (J), after 27 ml of absolute alcohol injection, revealed moderate
perinidal edema and focal bleeding immediate anterior perinidal region. Also
noted is the cytotoxic edema in the left inferior gyrus.









Fig. 4 : Case 4 : MR Perfusion study before and after embolisation
Preembolisation high nidal rCBV (K) and rCBF (L).

Posteembolisation nidal and perinidal rCBV (M) and rCBF (N) are markedly
reduced . »






Case 5 : This 20 year old male patient presented with severe
headache with vomiting and LOC; CT head revealed left thalamic
bleed. Cerebral angiogram revealed compact nidus AVM in left
thalamic région fed By multiple thalomogeniculate perforators and
feeders from left posterior choroidal artery. Posterior choroidal
feeders were embolized with 3 ml of absolute alcohol folléwed by

20% glue.

Baseline MR study revealed no restriction within the nidus or
perinidal region; the nidus appears hypointense on DWI and
hyperintense on ADC maps. Baseline perfusion studies showed low
perfusion in immediate perinidal region and normal perfusion in
remote regions. Post embolisation MR imaging after 1 month showed
T2 hyperintensity within left side of splenium of corpus callosum
and was not showing any restriction on DWI suggestive of

ischaemic infarct.
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Fig. 5 : Case 5 : Left thalamic AVM before and after embolisation
- Diagnostic angiogram (A) showed compact nidus, high flow AVM.

Final check angiogram (B) after 3 ml of alcohol and 22 % n-BCA injection,
revealed no significant reduction in arteriovenous shunting.

Pre embolisation axial T1W (C), T2W (D ) and FLAIR (E) showed compact
AVM nidus .

Postembolisation axial TIW (F), T2W (G) and FLAIR (H) revealed no sig-
nificant reduction in nidus size. Intranidal foci oflinear foci of hyperintensity
noted and FLAIR images suggestive of glue and /or nidal thrombosis.






Fig. 5 : Case S : MR Perfusion study before and after embolisation
Preembolisation high nidal rCBV (I)and rCBF (J).

Posteembolization no significant change in nidal rCBV (L ) and rCBF (M).
rMTT pre and post embolisation (K & N respectively).






4

Case 6: This 48 year male patient had left sided headache for
past 15 years. No history of any reduced vision or seizure or LOC.
Neurological examination was within normal limits. Cerebral
angiogram revealed large AVM in left occipital lobe fed by multiple
feeders from left PCA and MCA and dural feeders from left middle
meningeal artery , left occpital artery. Venous drainage was to
superior sagittal sinus. Embolisation was done at the same time and
total 5 feeders were embolised. Absolute alcohol was used in the
MCA and PCA feeders, PVA particles in the dural feeders and n-

BCA (20 % ) was used in left middle meningeal feeder.

Baseline MR study revealed neither perinidal gliotic changes

nor restriction on DWI.

Postembolization MR imaging revealed focal areas of
hyperintensities in nidus and perinidal region on DWI suggestive of

thrombosis.

Baseline perfusion study revealed high perfusion in nidal,
perinidal and remote areas. Postembolization , perfusion decreased in
all three respective regions, however rtMTT remain normal before and

after the procedure.
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Case 7. This 24 year old male patient presented with history of
seizures for last 4 years. CT head showed irregular hyperdensity with
mild perilesional edema in left basifrontal region. Cerebral angiogram
revealed small AVM in left posterior basifrontal region with feeders
from basifrontal and fronto-polar branches of left ACA. Venous
drainage was via cortical vein to superficial venous sinus. Two
feeders were embolised using a total of 12 ml of absolute alcohol.

No postprocedure deficit noted.

Postembolisation MR study after 2 days revealed focal areas of
restfiction'in nidus and perinidal region in DWI suggestive of
thrombosis. Postembolisation perfusion study revealed decreased
intranidal as well as immediate perinidal perfusion suggesting

decreased intranidal arteriovenous shunting.
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DISCUSSION

Thirteen patients of cerebral AVMs were studied with
conventional and diffusion and perfusion MR imaging, before any
intervention and 8 patients were studied after embolisation of AVM.
All 8 patients show new findings on conventional MR imaging ;
ischaemic lesions were noted in 4 cases (2 perinidal and 2 remote
embolic infarcts), parenchymal hematoma in 3 patients, draining vein

thrombosis in 2 patients and nidal hyperintensity in 5 patients.

Hemodynamic abnormalities were noted in AVM nidus as well
as in immediate perinidal region in all patients. Postembolisation
there was a tendency of reversal of baseline perfusion disturbance on
MR imaging and was well correleating with the pre- and post-

embolisation cerebral angiography.

CONVENTIONAL & DIFFUSION WEIGHTED MR

IMAGING :

1. : ISCHAEMIC EVENTS :

Ischemic events and perinidal venous thrombosis in
conjunction with embolisation of intracerebral AVMs appear to be

more frequent than previously understood. Neurointervention related
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most ischemic episodes are asymptomatic or accompanied by

transient symptoms and therefore not reported.

Because of their size and/or tﬁe concealing effect of extensive
artifacts induced by the glue (n-BCA, Onyx), most small peripheral
lesions and large ﬁerinidal ischemic lesions would have escaped
détection by CT. DWI is known to be more sensitive to acute ischemia

than CT and ordinafy SE sequences.

The embolic agents (n-BCA and Onyx) caused virtually no
artifacts on MR imaging and had signal intensities similar to that of

fat on T1-weighted SE and T2-weighted turbo SE sequences.
Perinidal ischaemic lesions:

Ischaemic events were noted in in 4 out of 8§ patients on

postembolization MR study.

In two cases ischemic lesions were small and were located
distally in the cortex and are may be due to diagnostic angiography.
Data from recent DWI studies suggest that ischemic events occur in as

many as 25% of patients during DSA (95).

In another 2 cases focal immediate perinidal restriction on DWI

was noted suggestive of cytotoxic edema, which is most likely due to

ischaemic infarct or rarely due to venous thrombosis. In both the
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cases, nidal hyperintensity as well as draining vein thrombosis was

noted after 2 days of glue (NBCA) embolization.

Perinidal ischaemic lesions were noted in two cases and it can be

due to:
1. Adverse migration of glue/extravasation or reflux of alcohol.
2. Progressive thrombosis with subsequent ischemia.

3. Occlusion of small perforators and/or arteries arising from
perforators close to the nidus, thus supplying the nidus as well

as the surrounding parenchyma.

Crongqvist et al (35), performed 50 endovascular procedures in
21 patients of AVMs and studied with perfusion MR before and after
embolization. After 22 procedures, 43 new abnormalities were found
on MR imaging. An intracerebral hematoma was seen in 4 patients.
Minor vasogenic edema was observed around the sites of embolization
of the AVM in 4 patients; Procedural adverse events caused 6 new MR
findings on 5 occasions (4 patients). Thirty-five hyperintense spots
with corresponding decrease of ADC were found on DWI after 18
procedures. Twenty-three spots (66%) were regarded as true ischemic
lesions, 8 (22%) represented stagnation of blood/clots within veins,

and 4 (12%) were of uncertain origin (ischemic lesion or intravenous
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clot). 26% ischemic lesions were considered to be associated with
diagnostic angiographies performed immediately before and after the
embolization procedure. The authors found new MR imaging
abnormalities evolving between Procedures were noted between
treatments in 3 patients. The authors noted that 40% of the ischemic
lesions were found in close proximity to the AVM nidus, perinidally.
These lesions were generally large (>10 mm diameter) and

consistently associated with the superselective injection of glue.
Venous Thrombosis and Related Hemorrhage:

In the present study, moderate perinidal vasogenic edema with
focal asymptomatic bleed is noted only with use of absolute alcohol
as an embolic agent. Two of the 3 patients, whom absolute alcohol
was solely used as the only embolic agent, show moderate perinidal
vasogenic edema. Vasogenic edema may Be caused by venous
congestion or venous thrombosis. Delayed venous thrombosis is a

potential complication to endovascular treatment of AVMs.

The probbable explanation is alcohol reflux into the proximal
branches or the feeder might be supplying the normal territory
(Enpasscent feeder), or could be due to progressive nidal and draining
vein thrombosis venous thrombosis rarely can cause cytotoxic edema

instead of vasogenic edema. In two cases multiple focal
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hyperintensities were noted within the nidus in DWI suggestive of

intranidal thrombosis.

Venous clots, whether acute or subacute, may show DWI (and
ADC) signal intensity patterns that were barely distinguishable from

those seen with ischemic lesions.

Correalating the DWI findings with the corresponding
morphologic MR iméging (subacute clots are hyperintense on T1-
weighted images) and DSA might suggest the location of these
lesions. Clots were generally thinner and more tubular in appearance
than ischemic lesions. The process of "normalization" differed
significantly between the true ischemic lesions and the clots. The
ischemic lesions seen on DWI consistently disappeared between
examinations, whereas the diffusion pattern (high signal intensity on
DWI and low on ADC maps) tended to remain unchanged for
prolonged periods of time when representing a hematoma or clot in a
draining vein. "Normalization" occurred especially late in clots and

remained unchanged for several months in some veins’

In the study by Cronquist et al (35), venous clotting was
recognized intra- or perinidally on posttreatment MR imaging on 8
occasions. Vasogenic edema appeared around the nidus on MR

imaging immediately after treatment in 4 patients and between
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treatments in one patient with a progressive venous occlusion .
Perfusion was decreased in the area of edema. In all 5 patients, a
minimal volume of glue had entered into the draining veins of the
AVM. Two patients with venous thrombosis progreséing between the
treatments showed impaired perfusion. In the patient with extensive
vasogenic edema, perfusion was decreased (both rCBF and rCBYV).
Following treatment, however, the edema was almost totally

reabsorbed and the perfusion abnormality reversed.

\ Vasogenic edema may be caused by venous congestion with or
without venous thrombosis. Possibly, the edema was caused by locally
increased perfusion pressure, induced by the venous outflow
obstruction that was eliminated instantly with the reduction of the

AVM shunt.
PERFUSION MR STUDY :

The study provided a noninvasive and in vivo model with high
spatial and temporal contrast by employing DSC-MR imaging to
demonstrate the increased focal rCBV and rCBF in AVMs. In the
current study, hemisphere with AVM contains higher flow and volume
as revealed by significantly higher rCBV and rCBF ratios. The results
supported the prevéiling hypotheses that perinidal arteries become
dilated to adapt to the low-resistance and high-flow transnidal shunts

that occur in AVMs.
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The increases in rCBF and rCBV were similar and correlated
more to the distribution of the draikning veins than to the feeding
arteries. Whenever the cortical and draining veins were multiple and
diverging toward a long extension of the draining dural sinus, the area
of increased perfusion tended to be larger than the size of the AVM
(ie, overestimated). Hence, it was almost impossible to evaluate the
perfusion pattern in the parenchyma located in close proximity to the
nidus or between the draining veins. To make an exact definition of
the nidus on the PI proved to be extremely difficult, in part because

the perfusion disturbances almost invariably exceeded the size

of the AVM.

Image quality was reduced in regions with susceptibility
artifacts at bone-air interfaces; geometric distortion and signal voids

were noted in case 7 with left basifrontal AVM.

At places rCBV values were 0.

All of the cerebral AVMs show hemodynamic alterations
adjacent to the nidus (immediate perinidal region). The most common
hemodynamic alteration in immediate perinidal region was decrease
perfusion ( Low rCBV and rCBF), occuring in nearly 70% of the
cases (9/13 patients). In 3 patients, immediate perfusion ( rCBV and

rCBF) was high, whereas one patient had increase perfusion in
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immediate perinidal region and decrease in posterior perinidal

region.

rMTT did not reveal any obvious hemodynamic disturbances in

immediate perinidal region in 7 patients (68%).

In 4 patients, rCBV, r CBF and r MTT all were decreased in
immediate perinidal region; which could be due to steal effect rather
than due to permanent changes like gliosis in the perinidal

brain tissue.

On the other hand, 38 % of the patients (5 out of 13 patients)
show no perfusion abnormality in remote brain parenchyma, all of
them had smaller AVM nidus (< 3cm) with only mild to moderate
arterio-venous shunting. Three patients had low perfusion and 4

patients had increased perfusion in remote areas.

These types of perfusion disturbance suggest that an AVM may
steal blood from immediate surrounding and remote areas, from the
contralateral hemisphere via communicating arteries, or even from the

other branches of the carotid artery extracranially (35).
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Following six patterns of perfusion abnormality noted in the

hemisphere ipsilateral to the AVM:

/7
0.0

L)

L)

Pattern I:  Low perfusion in immediate & normal perfusion in

remote perinidal regions.

Pattern II: Low perfusion in immediate as well as in remote

perinidal region.

Pattern III: Low perfusion in immediate perinidal region & high

perfusion in remote areas.

Pattern IV: High perfusion in immediate perinidal region with

high perfusion in remote region.

Pattern V: High perfusion in immediate perinidal region with

normal perfusion in remote region.

Pattern VI: Heterogeneous or mixed immediate perinidal / remote

perfusion.

Most common pattern of perfusion disturbance noted in present

study is low perfusion in immediate perinidal region & normal

perfusion in remote perinidal regions (Type I ) occurring in 30%

(4/13 ) of patients. This is followed by type II perfusion disturbance

occurring in 23% (3/13) of patients. The least common type of
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perfusion disturbance was type IV and V, where immediate perinidal
region show high perfusion and remote brain parenchyma revealed

normal or low perfusion; both of these pattern occurs in one patient

each ( 7%).

Two AVMs involved more than one type of perfusion
disturbance. This was similar to the so-called patchy hypoperfusion in

brain tissue surrounding AVMs that was previously reported

(34, 36-38).

The baseline (pre-embolisation) perfusion patterns are in
contradiction to the study recently reported by Wan-Yuo Guo et al
(34); they studied 19 AVM patients with DSC- MR perfusion
imaging, before and after radiosurgery. They obsefved three pattern
of perfusion disturbances in their patients and classified it into three
types. In type 1, cerebral blood flow (CBF) and volume (CBV)
increase in both immediate and remote perinidal regions. In type 2,
the immediate perinidal rCBV and rCBF ratios increased and the
remote perinidal regions decreased. In type 3, rCBV and rCBF ratios
of both immediate and remote perinidal regions decreased. Four
AVMs involyed more than one type of perfusion disturbance in their
study. They have reported high perfusion in the immediate perinidal

region and decreased remote perinidal region as the most common
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pattern, unlike present study where the most common pattern was
decreased perfusion in immediate perinidal region and normal

unaffected remote perfusion.

The decreased immediate perindal perfusion could be due to
steal from nidal arterio-venous shunting or could be due to perinidal
giiosis. Both are possible explanation for decreased perfusion in the
perinidal region in the present patients as in some cases this perinidal

low perfusion has reversed and in others, it remain more or less same.

The AVM nidus as well as the perinidal brain parenchyma
reveals a continous hemodynamic changes aftef embolisation.
Perfusion defect within the embolised portion of the nidus was seen in
most patients after embolization. The most constant effect was on the
nidal perfusion and least effect was observed in ipsilateral and
contralateral remote brain parenchyma. rMTT was the most constant

parameters before and after embolisation.

No major disturbances of rCBF/rCBV or MTT were found in the
parenchyma distally or contralaterally to the AVM before or

immediately after treatment.

Postembolization decrease of rCBV and rCBF close to the
AVM was seen in 68% of the cases, mostly following total or near-

total AVM occlusion and reduction of the shunt. Five patients show
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decreased immediate perinidal rCBV that increased to 1 after
embolization in 3 patients. Similarly, in 6 patients immediate
perinidal rMTT was reduced before embolization and it increased to

1 in three patients after embolization.

Reduction in postembolisation nidal rCBV and rCBF ratios to
1.0 and elevation of nidal rMTT ratio to 1.0 indicated declining
transnidal shunts. The trend of changes in perinidal ratios to 1.0 after

embolistion indicated reversal of the steal.

Reversal of rCBV and rCBF ratios to less than 1.0 was

indicative of impaired local perfusion dueto vasogenic edema.

This findings are well consistent with those of previously
reported by Wan-Yuo Guo et al (34), who studied 19 AVM patients
before and after radiotherapy with MR perfusion imaging. They
demonstrated that the nidal rCBV and rCBF ratios gradually
decreased to 1.0 after radiosurgery , whereas rMTT ratios gradually
increased to 1.0 ; an;erior and posterior immediate perinidal rCBV
and rCBF ratios decreased, indicating reversal of steal toward normal
perfusion. AVM nidal volumes were observed to be decreasing after

radiotherapy on follow up imaging.

In the current study, it was observed that the rMTT ratios were

least sensitive compared with rCBV and rCBF ratios in demonstrating
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AVM perfusion. This is explained by the fact that tMTT is derived
from rCBV and rCBF. These steal and adaptation mechanisms may

result in different patterns of perfusion disturbance.

In well concordance with our study, Cronquist et al. (35),
also had reported abnormal perfusion in 85% of their patients, with
ihcreased rCBF and rCBV at the site of the AVM before embolisation.
No major differences were noted between rCBF and rCBYV patterns in
other areas of the ipsilateral parenchyma versus the contralateral
hemisphere, with 2 exceptions. MTT did not reveal any obvious
herﬁodynamic disturbances in 90% of MR imagings. After
embolisation, immediate decrease of rCBV and rCBF close to the
AVM was seen in only 48% of the procedures, mostly following total
or near-total AVM occlusion and reduction of the shunt. In another
48%, no immediate change was noted. This is not surprising, in light
of the partial reduction of the nidus and the regular patency of the
veins without instant adaptation (lumen reduction) to the reduced

 flow.

All patterns of perfusion disturbance was noted in the brain
parenchyma adjacent to the AVM and no generalization can be
made, however a preferential pattern of perfusion disturbance was

noted in the present study; The most common hemodynamic
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disturbance noted was low perfusion in immediate perinidal region
and normal perfusion in remote brain parenchyma. Both the short-
and long-term postoperative regional cerebral blood flow studies
indicate that the hypoprfusion does not resolve immediately with
removal of the AVM and may be, atleast in part, permanent. This
could be due to permanent damage to the brain tissue rather than
functional steal. Zones of ischaemic neuronal changes with glial
proliferation have commonly been observed during neuropathological
examinations of brain tissue adjacent to cerebral AVMs as well as
hemorrhagic cysts with hemosiderrin deposits. Pathological changes
of this nature probably account for regions of cerebral atrophy and

hypodensity  frequently reported adjacent to the AVMs on CT

scanning.

In the present study cerebral steal was demontstrated in
immediate and remote perinidal region which was reversed to
normal suggesting a dynamic changes in the cerebral blood flow with
treatment. The present perfusion MR study ’can provide a
pathophysilogical basis of normal perfusion pressure breakthrough
(NPPB) and pre-embolisation MR perfusion study may predict the
patients with certain pattern of perfusion disturbance which can

predict the clinical outcome after embolisation.

105



Conclusion




CONCLUSION

MR Perfusion imaging provides a non invasive method to
understand the hemodynamics of AVMs and adjacent brain
parenchyma. It provides an simple and fast objective method to
demonstrate intracerebral steal in the adjacent brain
parenchyma, therefore, can be added as imaging protocol to

the routine structural evaluation by conventional imaging.

DWI and PWI may be useful for the evaluation of treatment
results and complications of endovascular treatment as well as

in follow up for demonstrating the progressive nidal thrombosis

and occlusion.

Initial high transnidal flow and perinidal steal were
noninvasively and objectively demonstrated in brain AVM.
After embolization reduction of transnidal perfusion ( rCBV &
fCBF ) and increase of nidal rMTT towards 1 suggest reduction
of arteriovenous shunting and increase in perfusion in
previously hypoperfused areas were suggestive of reversal of

cerebral steal with improved circulation in remote areas.

Clinically, the effects of embolization on AVM and adjacent
hemodynamics may reflect the therapeutic effects of treatment
on brain perfusion and contribute significantly to
understanding of transient and permanent neurologic deficits

following AVM treatment.
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APPENDIX 1
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APPENDIX II

ABBREVATIONS :

1. ACA : Anterior cerebral artery

2. Acom : | Anterior communicating artery

3. ADC : - Apperent diffusion coefficient

4. APEH : Acute postemolizatrion Hemorrhage
5. APTT: Activated plasmin thromboplastin time
6. AVM : ' Arteriovenous malformatién

7. AVF : Arteriovenous fistula

8. CBF Cerebral blood flow

9. CBV : | Cerebral blood volume

10. 5 CMRGlc : Cerebral metaboiic rate of glucose
11. CMRO2: Cerebral metabolic rate of oxygen
12. CT : Computed Tomography

13. CMR: Cerebral metabolic rate

14. DAVF: Dural arteriovenous malformation
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

DSA :
DWI :
EPI :
FOV:
GEF :
IPN :
LOC:
MCA:
MR :

MTT:

NEX :
NPPvB :
NTG :
OEF :

rCBF :

Digital substraction angiogram
Diffusion weighted imaging ha
Echo planner imaging

Field of view

Glucose extraction fraction

Immediat; perinidal

Loss of consiousness

‘Middle cerebral artery

Magnetic resonance

Mean transient time

Nidal
Number of Excitation
Normal Perfusion Presurre Breakthrough
Nitrotriglycerine
Oxygen extraction fractiqn

Relative Cerebral blood flow



31.

32.

33.

38.

39.

40.

rCBV:

rMTT:

ROI :

Kr-85:

PET :

SPECT :

TR :

TE :

Xe-133:

Relative Cerebral blood volume
Relative Mean transient time
Remote

Region of interest

Krypton-85 |

Positron emission tomograph

Single Photon Emission Computed

Tomogram
Time of Relaxation
Time of Echo

Xenon-133
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