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AHA Scientific Statement

Recommendations for the Management of Intracranial
Arteriovenous Malformations

A Statement for Healthcare Professionals From a Special Writing Group
of the Stroke Council, American Stroke Association

Christopher S. Ogilvy, MD, Chair; Philip E. Stieg, PhD, MD; Issam Awad, MD;
Robert D. Brown, Jr, MD; Douglas Kondziolka, MD; Robert Rosenwasser, MD,;
William L. Young, MD; George Hademenos, PhD

[. Introduction modalities is difficult. Therefore, the recommendations pre-
Intracranial arteriovenous malformations (AVMSs) are rela- sented here are potentially open to a wide interpretation.
tively uncommon but increasingly recognized lesions that can
cause serious neurological symptoms or death. Although [l. Epidemiology
AVMs can present with hemorrhage or seizure, since the The incidence and prevalence of intracranial vascular mal-
advent of contemporary brain imaging techniques, an increas-formations are not known with certainty, although there are
ing number are detected before rupture. Over the last decadedata available from autopsy series and limited population-
there have been significant developments in the managementased studies. Autopsy data suggest that there is an overall
of intracranial AVMs. There has been an evolution of frequency of detection of AVMs in=4.3% of the popula-
microsurgical as well as endovascular and radiosurgical tion34 In another autopsy series, 46 AVMs were noted
techniques to treat these lesions. As the management optiongimong 3200 brain tumor cases, for a frequency of detection
have evolved, individual and combined modality treatment Of 1.4%; 12.2% of the cases were symptomatidAutopsy
protocols have been developed in different institutions for the data are affected by the aggressiveness with which patholo-
management of AVMs. gists search for the lesions, the age and cause of death of the

A writing group was formed by the Stroke Council of the patient, and the presence of neurological symptoms.
American Stroke Association to review published data for ~ Population-based data are limited regarding intracranial
intracranial AVMs to develop practice recommendations Vvascular malformations. In the Netherlands between 1980 and
regarding epidemiology, natural history, potential treatment 1990, the annual incidence of symptomatic AVMs was 1.1
strategies, and outcomes. The reports reviewed for this per 100 000 population.In a population-based study in
synthesis were selected on the basis of study design, samplédImsted County, Minnesotathe detection rate was 1.1 per
size, and relevance to a particular topic. Each report was 100 000 for AVMs when autopsy cases were excluded and
graded according to previously defined criterfa.After 2.1 per 100 000 for all cases. The detection rate for symp-
review of the available literature, recommendations for cur- tomatic cases was 1.2 per 100 000 person-yeaise most
rent practice standards have been made according to 3common type of vascular malformation detected was AVM,
separate grades (Table 1). followed by venous malformation and cavernous
By the design of this type of review, the recommendations malformation.

in this report represent an overview of existing treatment
protocols that may vary considerably. These guidelines were  ll. Diagnosis and Clinical Manifestations:
developed to serve as a basis for the development of treatment Natural History of AVMs
strategies for AVMs, which overall represent a fairly hetero- Intracranial AVMs may be diagnosed with a variety of diagnos-
geneous group of cerebrovascular lesions and which maytic imaging studies. Computed tomography (CT) without con-
demonstrate different natural histories. In addition, for brain trast has a low sensitivity, but calcification and hypointensity
AVMs, no level | or Il data are available in the literature. may be noted; enhancement is seen after contrast administra-
Because of the heterogeneity of these lesions and theirtion® Magnetic resonance imaging (MRI) is very sensitive,
relatively infrequent occurrence, strictly defined subcatego- showing an inhomogeneous signal void on T1- and T2-weighted
ries for comparison of the efficacy of various treatment sequences, commonly with hemosiderin suggesting prior hem-
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TABLE 1. Levels of Evidence in Grading of Recommendations
for Treatment of Patients With Subarachnoid Hemorrhage

phenomena that cause focal neurological deficit by altering
perfusion in the tissue in the region of the AVM are distinctly
uncommori4.16

Levels of evidence

Level I: Data from randomized trials with low false-positive (alpha) and
low false-negative (beta) errors

Level Il: Data from randomized trials with high false-positive (alpha) and
high false-negative (beta) errors

Level Ill: Data from nonrandomized concurrent cohort studies
Level IV: Data from nonrandomized cohort studies using historical controls
Level V: Data from anecdotal case series

Strength of cumulative data

Grade A: Supported by level | evidence
Grade B: Supported by level Il evidence
Grade C: Supported by level lll, IV, or V evidence

Data are from References 1 and 2.

The overall frequency of hemorrhage caused by vascular
malformations in stroke registries indicates~ah% occurrence
of AVM-related hemorrhage among all stroké3.he long-term
risk of hemorrhage among people with AVMs and the outcome
from this hemorrhage are controversial. There are a number of
potential biases that can affect natural history studies, including
selection bias, treatment-intervention bias, inconsistent follow-
up, and lack of arteriography for all cases. The available natural
history studies (Table 2) indicate an overall risk of initial
hemorrhage of=2% to 3% per yea¥-16.18-22Mortality from
the first hemorrhage is between 10% and 30%, although some
data suggest that the mortality rate may be lo#and 10% to
20% of survivors have long-term disability-16.18-24A[| avail-

able natural history data are level V data.
orrhaget®1 MRI can also provide critical information detailing In one study’* a cohort of 281 consecutive, prospectively
the localization and topography of an AVM as intervention is enrolled patients was investigated to evaluate the risk for
being considered. Magnetic resonance angiography can providehemorrhage. Among those patients who presented with symp-
some data noninvasively, without detailing factors such as toms other than hemorrhage, the annual risk of hemorrhage was
presence of intranidal or feeding artery aneurysms, comprehen-2.2% (3.3% per year for men and 1.3% per year for women).
sive data on venous drainage patterns, or subtle AVM nidus The annual risk of intracranial hemorrhage among people with
characterization. Arteriography is the “gold standard” for defin- AVMs who present with symptoms other than hemorrhage is
ing the arterial and venous anatomy. In addition, superselective ~2% to 3% per year. If one assumes an annual hemorrhage risk
angiography can provide functional and physiological data among people with previously unruptured AVMs-62% to 4%
important to clinical decision analysis. On the basis of available per year, the lifetime risk of intracranial hemorrhage in a person
information, it is strongly recommended that an MRI study and with an AVM is approximated by the following formutae
a 4-vessel angiogram be obtained to delineate the anatomy of
an AVM.

Intracranial AVMs are occasionally seen in the elderly butare ~ The risk of recurrent intracranial hemorrhage is slightly
typically diagnosed before the patient has reached the age of 40elevated for a short period of time after the first hemorrhage. In
years. More than 50% of AVMs present with intracranial 2 studies?2!the risk during the first year after initial hemor-
hemorrhagé? Intracerebral hemorrhage occurs more com- rhage was 6% and then dropped to the baseline rate, whereas in
monly, although subarachnoid hemorrhage and intraventricular another study? risk of recurrence during the first year was
hemorrhage can occur. Severe vasospasm from AVM-related17.9%. The risk of recurrent hemorrhage may be even higher in
hemorrhage is distinctly uncommon, although it is occasionally the first year after the second hemorrhage and has been reported
noted!3 to be 25% during that yeé&t.

The next most common presentation is seizure, which occurs  In a prospective studif,during a short mean follow-up of 8.5
in ~20% to 25% of case.15 Seizures can be either focal or months, the risk of recurrent hemorrhage was 17.8% per year
generalized and may be an indicator of the location of the lesion. after presentation with hemorrhage. In that study, only 20
Other presentations include headaches in 15% of patients, focalpatients were still being followed up who were untreated at 1
neurological deficit in fewer than 5% of cases, and pulsatile year after hemorrhage; the risk of recurrent hemorrhage was
tinnitus. In children younger than 2 years of age, presentation 32.9% in the first year after hemorrhage and decreased to 11.3%
can include congestive heart failure, large head due to hydro-in subsequent yea?$.The increased rate in the first year after
cephalus, and seizures. Vascular malformation—related stealinitial hemorrhage has not been noted consistently, hovééver.

Lifetime risk (%) =105—the patient’'s age in years

TABLE 2. Risk of Hemorrhage in Intracranial AVMs Among Cases Presenting Without any Prior History
of Intracranial Hemorrhage

Annual Initial  Annual Hemorrhage

Number of  Follow-Up, Hemorrhages, Hemorrhage Rate, Life-Table
Series Author Description Cases y n Rate, Crude Analysis
Brown et al'4 Retrospective, referral series 168 8.2 31 2.3 (at15y) 2.2
Graf et al'® Retrospective, referral series 7 4.8 14 41
Crawford et al20 Retrospective, referral series 217 10.4 77 34 3
Ondra et al22 Retrospective, referral, population-based 160 23.7 64 1.7
Mast et al2* Prospective, consecutive, referral series 139 1.0 3 2.2 2.2
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Comprehensive evaluation of a patient with an AVM includes given age with a specific AVM compares with the risk of
a detailed clinical examination and radiological clarification of treatment. The answer to this comparison typically dictates
the anatomy with MRI scanning and arteriography. After the the final recommendation of whether to treat an AVM and, if
comprehensive evaluation has been performed, decisions can bgo, how to treat it (lowest risk/highest efficacy technique). In
made regarding the best management approach by comparinghe next sections, we will discuss the various treatment
the natural history of the lesion with the intervention-related modalities and recommendations for usage.
morbidity and mortality.

There is evidence suggesting that radiological parameters may IV. Direct Surgical Treatment
e o oMo Tk A sonle combrater ! Timing of Surgery
Some studies have noted that patients with seizures may bé aThe reco_mmendatlc_)n for surgery for AVMS should generally
slightly higher risk for hemorrhage, but this has not been noted Be elective. Occas!onally, one must operate emergently to
consistently:418 There are also d:alta that suggest that prior remove a large, life-threatening hematoma. Under these

. . conditions, only superficial AVMs that are readily controlla-
hemorrhage is a strong predictor of hemorrteggemall AVM y sup y .
o . . ble are removed with the hematoma. When the hematoma is
size in terms of maximal diameté#” or volume&? may also be .
. . . . caused by a complicated AVM, the blood clot can be
a predictor for higher risk of hemorrhage; however, these are ] .

. - removed and the patient allowed to recover until further
level IV data and have not been noted consistén#§yFeeding details are known reaarding the exact andioaraphic AVM
artery pressures may also be related to bleedingiak/Ms in architecture. In a nogemergent situation tghegles[,)'on is a
a periventricular or intraventricular location may also be at roalche; as' are other electg o 'ntrlali:ra:n'a{l o erat'(I)nsI p-
increased riskR93! although this has not been found consis- P . . clive | lal operations.
tently32 and location was not found to be a risk factor in another Lesions are typically excised by standard microsurgical tech-
large 'serie$4 niques with the operating microscope. The arterial feeders are

Characteristics of the venous drainage system, including ger_1era||y atFacked first, followed by e>_<c_ision of the nidus of the
presence of deep venous drainage, have been reported to be Igsmn_and finally resection _Of the draining ve##? In ger_leral,
predictor of presentation with hemorrh&gé>or occurrence of the Vens are preserved until the very end of the operation. When
hemorrhage during follow-up in cases initially presenting with & Prain AVM is resected, the goal should be complete oblitera-
or without hemorrhagé: The angiographic characteristics of an  iON- TO this end, intraoperative or postoperative angiography is
AVM are complex. There are likely both arterial and venous usually recommended. If there is residual lesion, immediate

factors that are predictive of an increased risk of hemorrhage, resection should be considered to avoid subsequent hemorrhage
although studies are not definite. In one retrospective study from the remaining vessels. Another treatment consideration for

(level V data), independent predictors of presentation with the residual Iesion_ may.include stereotactic r_adiosurgery, al-
hemorrhage included central venous drainage, intranidal aneu-though there remains a risk of hemorrhage during the interven-
rysm, and periventricular or intraventricular location. ing period until lesion obliteration (see below).
In another study? univariate analysis predictors of presenta- .
tion with hemorrhage included deep venous drainage, ar‘[erialOUtcome of Direct Su_rgery ) "
supply via perforators, intranidal aneurysms, multiple aneu- Out_come reports regarding the results_ of surgmgl excision of
rysms, vertebrobasilar supply, and basal ganglia location. SinglePrain AVMs are level V data. The majority of this informa-
draining vein, impaired venous drainage, and deep venous!ion iS gathered in a retrospective fashitri However, with
drainage alone were factors in another stdgoth of the latter ~ the Spetzler-Martin grading systeiijt is possible to esti-
studies examined features retrospectively associated with hem Mate risks of surgery for AVM patients. For grade | patients,
orrhage rather than risk factors of future hemorrhage, and thesgPublished reports include a high probability (92% to 100%)
studies lacked multivariate analyses. Impaired venous drainage®f favorable outcome2-# For grade Il levels, a 95% chance
was not an important factor in 2 other studiéa: nor was a of gxcellent or good outcome has been repotédd.grade IlI
single draining veiri¢ Presence of a venous varix was also not €Sions, the rate of excellent or good outcome has been
predictive of hemorrhage:3324 reported as 68.2% in the short term and 88.6% in longer
The nature of the arterial system may also be important; follow-up#* For grade IV lesions, the rate of excellent
detection of intranidal or saccular aneurysms appears to be arPutcome drops to 73% of patierfsin grade V patients, the
|mportant ﬁnding@l,30,36When Se'ected C||n|ca| factors are com- reported gOOd/exce"ent rate |S 571%, W|th a 143% rate Of
bined, a profile for risk of hemorrhage may be developed. One Poor outcome and a 4.8% mortality rate in longer-term
such approach used history of prior hemorrhage, angiographicfollow-up.4* Although these results have a heavy selection
presence of a single draining vein, and diffuse AVM morphol- bias, they also provide a framework within which to consider
ogy. The lowest-risk group (risk of 1.0% per year) had no history risks of treatment in individual patients (see below).
of prior hemorrhage and-1 draining vein in a compact nidus, ) .
whereas the highest-risk group (8.9% per year) comprised those V. Grading Systems and Risk of Therapy
who had a prior hemorrhage, a single draining vein, and/or a Grading schemes were initially developed as a means to

diffuse niduss” predict surgical risk during obliteration. The criteria used for
selecting a scheme included applicability to all AVM types
Treatment Risks Versus Benefits and ease of use. The important variables include size, number

We have outlined the natural history of AVMs previously. A of feeding arteries, velocity of flow through the lesion, degree
crucial question is how the natural history for a patient of a of steal from surrounding brain, location (including surgical
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TABLE 3. Spetzler-Martin AVM Grading Scale lesions should be treated on a case-by-case basis; however, in
Size general, the authors recommend surgery for both symptomatic
and asymptomatic patients. Grade IV and V lesions require a
0-3 cm ! multidisciplinary approach with individual analysis. Many grad-
3.1-6.0 cm 2 ing scales have been proposgeér4+346-53ll of which focus on
>6 cm 3 anatomic, hemodynamic, and physiological properties associ-
Location ated with AVMs. The Spetzler-Martin grading system has
Noneloquent 0 become the scale most often used by treating physicians to
Eloguent 1 perform a relative risk analysis for selecting the appropriate

therapy for a specific AVM.
Although the Spetzler-Martin grading scale was designed to
predict surgical outcome, it has also been evaluated in the
Present ! combined management of AVMs, including resection, surgery
plus embolization, embolization alone, or radiosurgery, with
accessibility), eloquence of adjacent brain, presence of asso-various combinations: Deterioration due to treatment was seen
ciated aneurysms, and finally, the pattern of venous drainage.in 19% of grade | and Il patients, 35% of patients with grade Ill
Grading scales have been applied both prospectively and!esions, and 42% of patients with grade IV and V lesions. The
retrospectively, and the results support their use. scale does not include characteristics such as associated aneu-

The method proposed by Malik et«alfor preoperatively ~ TYSMS, Venous stasis, or venous aneurysms that have been
grading AVMs was an anatomically based system. The authors @ssociated with hemorrhagic risk. There are no reliable data, in
focused on arterial supply and the number of arteries feeding fapt, corr.elatlng sugh features with Freatnjent r|sl§. In the future,
supratentorial malformations. AVMs with grades | through IV this 9rad'“9_503|e V_V|" need to b_e ref|r_1ed, integrating concepts of
were derived by use of this system, with special categories for €loduence in relation to functional imaging and the potential
vascular supply from lenticulostriate vessels, vessels from the IMPact of neurological deficit on the patient's quality of life.
choroid plexus, and the region of the corpus callosum. These
authors used 2 additional factors, including a clinical grading
scale and anatomic location. The system of Malik et al proved to
be too complex for general use, but it did confirm that increasing
grade was associated with greater surgical morbidity.

Nearly a decade later, 2 grading scales were published
simultaneously?43The anatomically based system proposed by
Shi and Chef® focused on size, location, depth, complexity of
feeding arteries, and complexity of draining veins. Although the
system did appear to predict surgical morbidity, it proved to be

Deep venous drainage
Not present 0

VI. Treatment Options
At present, there are 4 major treatment options available for
patients with an AVM of the brain. 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. Management strategies include

too complex for bedside use. Currently, the most commonly single or combined therapy applying microsurgery, endovas-

used arading scale is the svstem described by Spetzler anqcular techniques, or radiosurgery (focused radiation). Each
. 9 93 y 2 Dy Sp reatment option has associated risks and benefits that will be
Martin4° Experience suggested that many important factors

interrelated. Th th ided implified sch outlined in the subsections below.
were interrelated. the authors provided a Simpiilied SCheme 4, 10omes of treatment in subsequent sections generally in-

based dog Size, Ioclatlog,g nd_vheqous_ dra!nag? (Tatl)leg%The SCO'%|ude associated mortality and morbidity, although these are not
rang_e etween_ and 5, with 1 point given _ora e c_m, reported consistently. Selection, assessment, and reporting bi-
2 points for a lesion from 3 to 6 cm, and 3 points for a lesih ases often prevent all but gross comparisons among various

cm. Location within eloguent cortex provided an additional geies Glasgow Outcome Scale or other broad disability out-
point, as did deep venous drainage. The score was calculated b¥:ome scales (eg, excellent, good, fair, poor, or death) are

summing the points for each category. When this system was fraquently used in larger series, but the definitions of categories
retrospectively applied by the authors, grade | and Il lesions had e jnconsistent, and the timing of assessment is rarely standard-
very low morbidity and higher-grade lesions were associated jzeq, The current literature rarely includes patient-generated
with gradually increasing morbidity; however, no deaths were fynctional outcome assessment (quality of life) for various
reported. This system was also applied by other surgedfs.  management modalities or third-party adjudication of outcomes.
Again, lower-grade lesions were associated with minimal surgi- Rates of major and minor treatment-related neurological mor-
cal morbidity; however, grade V lesions were found to convey pigity are often useful in comparing various therapeutic ap-

up to 33% permanent and serious morbidity. ~ proaches, but these should be considered in light of such paucity
The Spetzler-Martin grading scale has also been applied of control. Treatment efficacy is a critical outcome parameter
prospectively'> Lesions graded I, II, or Il were found to have (total/permanent angiographic obliteration of the lesion), as is

low treatment-associated morbidity. However, grade IV lesions delay in or failure of lesion obliteration.

conferred 31.2% treatment-associated morbidity, and grade V

lesions had 50% new treatment-associated morbidity. In addi- Anesthetic and Perioperative Considerations for

tion, the rate of permanent deficit was 29.9% for grade IV Microsurgical Resection

lesions and 16.7% for grade V lesions. This led the authors to Recommendations for anesthetic management are based pri-
recommend surgery for all grade | and Il lesions. Grade Il marily on level V evidence. In general, conduct of anesthesia
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for AVM resection follows the same recommendations for avoidance of3-adrenergic blockers with bronchospastic airway
neuroanesthetic management for any intracranial I€sion disease or use of nitroglycerin with coronary artery disease) and
regarding choice of monitoring, vascular access, anestheticthe experience of the practitioner.
agents, vasoactive drugs, and muscle relaxants. The intraoperative appearance of diffuse bleeding from the
Because AVM resection is usually not emergent, preexisting operative site or brain swelling and the postoperative occurrence
medical conditions should be optimized, and neurological dys- of hemorrhage or swelling have been attributed to normal
function, either as a result of presenting hemorrhage, presumedperfusion pressure breakthrough (NPPB) or “hyperemic” com-
effect of the AVM, or preoperative embolization (infarction or plicationsé? There is no universally accepted definition of what
edema), should be factored into the intraoperative and postop-constitutes a hyperemic state, and it should be a diagnosis of
erative management plan. An important consideration through- exclusion after all other correctable causes for malignant brain
out the operative period is the potential for massive, rapid, and swelling or bleeding have been considered\drenergic block-
persistent blood loss. Choice of intraoperative monitoring is ade may be of use in preventing and treating this syndrome,
tempered by this eventuality, and adequate amounts of blood,based on anecdotal information and suggestive observétions.
along with access for its administration, must be readily Emergence hypertension is frequently encountered after AVM
available. resection. Data suggest that elevated plasma renin and norepi-
The risk of AVM rupture during induction is probably low  nephrine levels are associated with this phenomé&hon.
based on inferential evidene&:” Nevertheless, blood pressure The upper and lower limits of blood pressure control have
control that approximates the patient's normal range is sound potential opposing effects. Ischemic deficits due to intraopera-
anesthetic practice in the absence of mitigating circumstances tive sacrifice of an en passage feeding vessel (a vessel feeding an

However, it should be borne in mind that10% of AVM AVM and also sending distal branches to normal brain), for
patients harbor intracranial aneurysrhthat may increase the  example, may result in a deficit ascribed to brain retraction or to
risk of rupture during increases in arterial blood pressure. the resection itself. Marginally perfused areas may be critically

Although intracranial pressure control is rarely a problem dependent on collateral perfusion pressure. Maintenance of low
with the AVM patient who presents for elective resection, oreven normal blood pressure may be inadequate and may result
intracranial compliance may be abnormal. Therefore, the usualin infarction if hypoperfusion is unrecognized. Verification of
caveats about avoidance of anesthetics and vasoactive agentsotential borderline perfusion states may require imaging mo-
that cause cerebral vasodilation seem prudent, ie, high inspireddalities such as intraoperative or immediate postoperative
concentration of volatile anesthetics and high doses of vasodi- angiography.
lators that directly relax vascular smooth muscle. Postoperative hyperthermia may be detriméatahd may

There is no anesthetic regimen that has been rigorously showneven be exacerbated by mild, intraoperative-induced hypother-
to confer “cerebral protection” in neurosurgical patients. The mias* Therefore, careful attention should be paid to control of
choice of anesthetic agent must be consistent with safe conducpatient temperature in the intensive care unit.
of intracranial surgery, including brain relaxation, excellent
blood pressure control, and rapid emergence. Euvolemia, nor-Associated Aneurysms
motension, isotonicity, normoglycemia, and mild hypocapnia Intracranial aneurysms are found #@7% to 17% of pa-
are recommended:>® Profound hypocapnia is not recom- tientsi4€566|ntracranial aneurysms can occur on the feeding
mended unless indicated for control of brain swelling or surgical artery to the AVM. These may involute after resection or
exposure? obliteration of the brain AVM. Alternatively, patients may

An ongoing randomized, controlled study (Intraoperative also harbor more saccular intracranial aneurysms at typical
Hypothermia in Aneurysm Surgery Trial 2 [IHASTZ2)]) is eval- locations in the circle of Willis. It is recommended that these
uating the use of mild induced hypothermia (33°F) for cerebral be approached during the same surgery if the operative field
protection during craniotomy for aneurysm clippifdf suc- is adequate or that they be treated separately with endovas-
cessfully completed, this study will provide the first opportunity cular or open surgical obliteration. There are no natural
to gain level | evidence of intraoperative cerebral protection. The history data regarding this point in the literature, and there-
induction of general anesthesia results in an obligatory core fore the rationale for treatment of aneurysms that are not
temperature decrease as peripheral vasodilation redistributesassociated with AVMs is used.
heat to the periphery. The current recommendation is to maintain
normothermia or accept the mild decrease in body temperatureBrain Edema/Hemorrhage
that results from general anesthesia and not aggressively rewarnTwo hypotheses for the cause of brain edema and hemorrhage
patients until timing for emergence is planned. This recommen- during or after surgery have been proposed: NPPB or occlu-
dation is based only on level V data. sive hyperemia. The NPPB theory suggests that postoperative

Induced hypotension is frequently useful during AVM resec- hemorrhage and edema are caused by a failure in autoregu-
tion, especially in large AVMs that have a deep arterial supply. lation in the ischemic brain around the AVM. Chronic
Bleeding from these small, deep feeding vessels may be difficult hypoperfusion in brain surrounding an AVM may cause
to control, and decreasing arterial pressure facilitates surgicalmaximal chronic vasodilation, which results in an inability of
hemostasis. The subject of induced hypotension is discussedhese vessels to vasoconstrict in response to the resumption of
extensively in the anesthesiology literatéfr&here is no com- normal perfusion pressure after the AVM has been resected.
pelling evidence to use one particular agent. Choice of agent According to this theory, the key to prevention of malignant
must be placed in the context of the clinical situation (eg, postoperative hemorrhage and edema is staged reduction of
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blood supply to the malformation. This can be accomplished Recommendations

by staged surgical ligation of the feed€rg2or by endovas- In general, surgical extirpation should be strongly considered

cular embolization. With the technological advance of inter- as the primary mode of therapy for Spetzler-Martin grade |

arterial embolization, this is the current recommended route, and Il lesions. For patients with small lesions, where surgery

although admittedly this recommendation is based on appar-offers some increased risk based on location or feeding vessel

ent safety without statistical documentation in the literature. anatomy, radiosurgery should be strongly considered. For

Surgical resection of the AVM should occur shortly (ie, grade lll lesions, a combined modality approach with embo-

several days) after the final feeding artery embolization to lization followed by surgery is often feasible (see below).

prevent development of new collateral flow. Surgical treatment only is often not recommended for grade
A number of observations suggest that the details of this IV and V lesions because it confers a high risk.

theory are not applicable to most cases of malignant postopera-

tive hemorrhage and edema. Intraoperative sttittigsiemon- VIl. Endovascular Treatment

strate maintained autoregulation in the region surrounding an Technical advances in interventional neuroradiology/endo-
AVM both before and immediately after its resection, even in yascular neurosurgery have afforded new alternatives in the
cases subsequently complicated by edema and hemorrhage. Thigeatment of cerebral AVMs. Flow-directed and flow-assisted
observation argues against the value of staged operation Ofyjcrocatheters have made navigation of intracranial vessels
embolization in the resection of AVM&.It has also led to the  gafer and have allowed more accurate delivery of embolic
proposal of an alternative hypothesis regarding the cause ofyaterigls, Current embolic materials are divided into solid or
malignant postoperative edema and hemorrhage termed OCC'“‘quuid agents. Solid agents consist of polyvinyl alcohol

sive hyperemia.” _ _ particles, fibers, microcoils, and microballootss® Liquid
This theory postulates that malignant postoperative hemor- agents consist of cyanoacrylate monomers such as IBCA

rhage apd edema are caused by eithgr arterigl stagngtion an‘al-butyl cyanoacrylate) and NBCANtbutyl cyanoacrylate),
obstruction or venous outflow obstruction, which are in turn as well as polymer solutions such as ethylene vinyl alcohol

I 1 ,82,83 I . . )
dlrlectfreSL:Its ol; resegﬂory of the AVKA: hEwderr]]ce for the d(EVAL copolymer)?0-240ther liquid agents include absolute
role of outlet obstruction In spontaneous hemorrhage presente ethanol, with and without the use of contrast agents for

above tends to support this hypothesis, as does the ObsewatiOQ/isualization under digital subtraction fluoroscofsy®”

that long f eeding grter!es correlate with a greater ”S.k .Of NBCA has recently been officially approved by the Food and
postoperative deterioration than do short vessels of similar . . . .
Drug Administration for use in brain AVMs.

diameter and flov#4 Moreover, given this theory, indications for Embolization of cerebral AVMs is onlv one aspect of a
staged resection would be limited to those cases necessitated b¥n : . . y aspect
ultimodality approach to these lesions. Current indications for

technical factorg? and hypotensive therapy in the management o . . . o
. . embolization can be divided into presurgical embolization in
of postoperative edema may prove more deleterious than bene-

ficial. All of the data presented regarding these theories are level large or giant cortical AVMs and embolization before radiosur-

V, and therefore, their impact on AVM management is only gical intervention to reduce nidus size. In addition, palliative
m’od erate ’ embolization may be used in large nonsurgical or nonradiosur-

gical AVMs in patients presenting with progressive neurological
Postoperative Care deficit secondary to high flow or venous hypertension. In this

The recommendations for postoperative care include neuro-9roup of patients, the goal is flow reduction in an attempt to
logical intensive care monitoring for at least 24 hours. Blood Minimize or halt symptom progression. Finally, embolization of
pressure is monitored with an arterial catheter and urine @ Pseudoaneurysm that seems to be related to a hemorrhage is
output with an indwelling catheter. Typically, normotensive &lso possiblé?
and euvolemic conditions are maintained; however, tight ) ) ) ) )
blood pressure control with agents that do not act in the Anesthetic and Perioperative Considerations for
central nervous system may be appropriate for selected Endovascular Therapy
individuals. Perioperative antibiotics, steroids, and seizure Although many of the risks and responses are for the most
medication are used variably. After being monitored in the Part conceptually the same, there are also many important
intensive care unit, the patient is transferred to a standard differences in the working environmet#:2°* There are
surgical floor, where mobilization occurs. An angiogram is generally two schools of thought on how to manage the
also performed to confirm complete resection of the AVM patient undergoing AVM embolization. One is to rely on
during the immediate postoperative period. A new neurolog- knowledge of neuroanatomy and vascular architecture to
ical deficit after surgery is usually investigated with a CT ascertain the likelihood of neurological damage after embo-
scan to rule out a hemorrhage or hydrocephalus. MRI lization. The “anatomy school,” therefore, will prefer to
scanning with diffusion-weighted imaging may be appropri- embolize under general anesthesia. Arguments for this ap-
ate if an infarction is entertained. proach include improved visualization of structures with the
In summary, AVM surgery is usually elective and frequently absence of patient movement, especially with temporary
preceded by preoperative embolization. The surgical approachapnea or when the ventilator is correlated with digital
allows complete resection of the nidus, resecting the feeding subtraction angiography contrast injection. Furthermore, it
vessels and subsequently the draining veins. Management oftan be argued that if the embolic material is placed in-
associated aneurysms is determined on an individual basis.  tranidally, then by definition, no normal brain is threatened.
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The “physiological school” trades off the potential for patient should not be avoided because of the possibility of a transient
movement against the increased knowledge of the true func-decrease in perfusion pressure.
tional anatomy of a given patient, given the wide variability In the setting of inadvertent vascular occlusion, a method to
described in these patierfs:103At the present time, the phys-  increase distal perfusion is blood pressure augmentation with or
iological approach demands deep intravenous sedation to rendewithout direct thrombolysis. The systemic blood pressure may
the patient comfortable during catheter placement and yet keepbe increased to drive adequate flow via collaterals to the area of
the patient appropriately responsive for selective neurological ischemia as a temporizing meast#eGiven the best available
testing. evidence, deliberate hypertension in the face of symptomatic
There is no evidence that either general endotracheal anestheeerebral ischemia from vascular occlusion during AVM embo-
sia or intravenous sedation is associated with a lower rate of lization should not be avoided because of fear of rupturing the
complications (level IV evidencéy® Recommendations for  malformation® If the problem is hemorrhagic, immediate re-
premedication with corticosteroids, anticonvulsants, aspirin, cal- versal of heparin is indicated. Protamine is given as rapidly as
cium channel blockers, and antibiotics have been made, but nonepossible to reverse heparin without undue regard for systemic
have rigorous support for their use. blood pressurée?t
Direct transduction of arterial pressure is indicated for intra-
cranial embolization procedures, especially with manipulation of Presurgical Embolization
systemic pressure with vasoactive agents. The femoral arteryPreoperative embolization of AVMs has become part of the
introducer sheath is easily used to monitor arterial pressure.treatment for many AVMs, especially larger lesiof%:113
Intravascular pressures may also be monitored from the coaxialStudies comparing surgery with and without embolization do
(guiding) catheter, as well as via the superselective catheter. not exist in a prospectively controlled fashion (level | or Il
In addition to the recommended American Society of Anes- Study) because the introduction of this technique was imme-
thesiology monitors, additional considerations include place- diately believed to be advantageous, and subsequent random-
ment of an additional pulse oximeter on the foot of the leg that ization was deemed inappropriate. Advantages include dimin-
will receive the femoral introducer catheter as an early warning ished blood loss and shorter surgical times, the applicability
of femoral artery obstruction or distal thromboembolism and of strategically targeted embolization, and the ability to
overly vigorous compression for postprocedure hemostasis.occlude vessels deemed difficult to control by the operating
Bladder catheters assist in fluid management as well as patientsurgeon, as well as the theoretical benefits of staging flow
comfort. Supplemental oxygen should be given to all patients reduction in the nidus#
who have received sedative-hypnotic agents. The goals of presurgical embolization are to decrease the
General endotracheal anesthesia considerations are concepturidus size of the AVM and to attempt to occlude deep, surgically
ally similar to those for open craniotomy. Primary goals of inaccessible or deep arterial feeding vessels such as the anterior/
anesthetic choice for intravenous sedation include alleviation of posterior perforating vessels, choroidal vessels, or posterior
pain or discomfort, anxiety, and patient immobility, but at the cerebral vessels to facilitate surgical excision. Other goals of
same time, the anesthetic must allow for a rapid decrease in thepresurgical embolization are to occlude intranidal aneurysms
level of sedation when neurological testing is required. There is and high-flow fistulas to presumably promote progressive
no evidence one regimen is superior to any other; propofol and thrombosis of the nidus of the AVM. Proximal occlusion of
midazolam have been directly compared and found to be arterial feeding vessels and failure to occlude the AVM nidus
similarly effective (level Il evidencel4 Choice should be based  with embolic material may have a deleterious effect on surgery
on the experience of the practitioner and the aforementioned because of the inevitable development of cortical transmedullary
goals of anesthetic management. Common to all intravenousand transdural collaterals>116
sedation techniques is the potential for upper airway obstruction.  The results and efficacy of intravascular embolization have
Placement of nasopharyngeal airways may cause troublesoméeen presented as level V data. Vinuela €8 their series of
bleeding; it may be prudent to place them before anticoagulation. 405 patients were able to totally cure the lesion in 9.9% of cases.
Careful management of coagulation is required to prevent This was primarily in small and medium AVMs with fewer than
thromboembolic complications during and after the procedures, 4 pedicles. Hemorrhagic complication rates associated with
although algorithms for anticoagulation remain controvetialo? embolization in more recent series range from 2% to 4.7%. The
Profound deliberate systemic hypotension may be induced source of hemorrhagic complications may be arterial perfora-
while the interventionist prepares the glue for injection. Hypo- tion, intranidal aneurysm rupture, or untoward venous occlusion.
tension slows the flow through the fistula and provides for a Mortality rates during embolization have been reported to be
more controlled deposition of embolic material, particularly the 1.08% or less, and neurological morbidity rates of 2% to 5%
glues. Blood pressure reduction can be achieved with vasoactivehave been reported with the use of superselective Amytal testing
agents, general anesthetics, or even by brief, adenosine-inducednd new-generation microcathet&&!13.117-11Numerous stud-
cardiac paust® ies describe the beneficial effect of presurgical embolization in
Complications during endovascular navigation of the cerebral reducing operative time and blood loss, as well as converting
vasculature can be rapid and dramatic and require interdiscipli- high Spetzler-Martin grade lesions to lower-grade lesions, with a
nary collaboration. The primary responsibility of the anesthesia concurrent reduction in morbidity and mortality (level V and
team is to preserve cardiovascular function and gas exchangdevel lll evidence, respectively)}2114117120Ng prospective
and, if indicated, secure the airway. If emergent endotrachealrandomized trials have been performed to verify this
intubation is necessary, a thiopental and relaxant induction observation.
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Preradiosurgical Embolization available are either level Il or IV, because no prospective
Endovascular therapy has 3 potential goals when used beforerandomized trials exist concerning embolization therapy.
radiosurgical intervention for AVM$1-123 (1) to decrease In general, Spetzler-Martin grade Il or Ill lesions may be

target size to<3 cm in diameter, because smaller volumes embolized before surgery or radiosurgery. Grade IV or V lesions
have a higher cure rate with less morbidity; (2) to eradicate should not be embolized unless this is to be done in conjunction
angiographic predictors of hemorrhage, such as intranidal with other treatment modalities (surgery or radiosurgery) for the
aneurysms or venous aneurysms; and (3) to attempt to reducegoal of complete care. The only exception to this may be in a
symptoms related to venous hypertension. No ideal embolic patient with a grade IV or V lesion with venous outflow
material has been identified for preradiosurgical #8e.25 obstruction, in whom embolization is used to reduce arterial
Several reports have documented delayed recanalization ofinflow to control edema, or in a patient with true “steal,” in
AVMs after angiographic obliteration with polyvinyl alcohol ~whom embolization is used to relieve the amount of shunt
embolization. Recanalization in 16% of patients embolized through the AVM.
with particulate agents and treated with radiosurgery has also
been reportedrs VIII. Radiosurgery
Most centers recommend the use of more permanent agentsStereotactic radiosurgery has become an important treatment
such as polymers of cyanoacrylate. However, numerous studiegechnique for the management of cerebral AVMs. The pur-
indicate that the use of such agents may also result in apose of radiosurgery is to irradiate the blood vessels of the
recanalization rate of 14%. This may be dependent on the AVM to cause progressive luminal obliteration and thereby
concentration of acrylic deposited within the nidé&125There prevent hemorrhage. Involution of the irradiated mass is the
is no evidence that flow reduction alone without reduction of the final stage of the healing response, as well as the final stage
AVM volume provides any benefit before radiosurgery, and in of inflammation?** At that time, the AVM vessels are
fact, it may make it more difficult to provide a conformal dose occluded and AVM volume is reduced. With focused radia-
plan at the time of radiosurgical planning (level Il evidenig).  tion, the dose of radiation to brain tissue surrounding the
AVM can be minimized.
Palliative Embolization
Palliative embolization may be recommended for patients Indications for AVM Radiosurgery
who have large, inoperable cortical and subcortical AVMs A large number of studies (level V evidence) indicate that
and in patients presenting with seizures resistant to medical radiosurgery provides satisfactory results for AVM cure with
management or with progressive neurological deficit thought few complications. Radiosurgery is most appropriate for
to be secondary to venous hypertension and/or arterial patients with small AVMs, especially when such AVMs are
steall27-129Partial embolization may be successful in revers- located in eloquent brain locations. Lesions most effectively
ing these signs and symptoms; however, it is usually only treated with radiosurgery have volumesl0 cn? or maxk
temporary, because collaterals develop rapidly, reducing themum diameter<3 cm?32-134 Candidates for treatment are
effectiveness of such therapy (level V data). Palliative embo- selected on the basis of AVM volume and location, patient
lization should be used as part of a strategy aimed at stagedage, and relative risk analysis compared with surgical and
AVM obliteration, to treat a specific AVM-associated feature endovascular therapies as predicted by the Spetzler-Martin
(eg, associated aneurysm), or to reverse a specific symptomgrading scale.
There is no evidence that partial AVM embolization alters o )
long-term hemorrhagic risk, and as such, it is not recom- Clinical Experience .
mended as a broad treatment strategy for AVMs. The goal of radl_osurgery is to obliterate the AVM, prevent
Intravascular embolization of AVMs as a sole therapeutic f€heémorrhage, improve seizure control, and relieve head-
modality is usually only achieved in small lesions fed by no aches#13%:%3The results from patient series have been
more than 4 arterial pediclés In many series, permanent published (1971 through the present), and radiosurgery has

occlusion of brain AVMs by embolization was achieved in 10% Peen found to be a safe and effective treatment for specific
to 30% of cases:3117.127Current evidence is incomplete and AVMS based on numerous level V studigs:3+136-130ne
mandates long-term follow-up even when the lesion is embo- historical control study by Pollock et*&p contained level IV

lized with agents such as liquid acrylics and other copolymers, data. Radiosurgery leads to complete AVM obliteration
because recanalization can ocE25.130 (elimination of the hemorrhage risk) ir80% of patients

within 2 to 3 years, a result that is stratified by AVM size.
Recommendations Smaller AVMs (<10 cn?) respond better because more
Recommendations for endovascular management of AVMSs radiation can be delivered safelft Angiography is still the
can be divided into presurgical, preradiosurgical, or palliative standard to confirm complete obliteration.
management for focal neurological symptoms or uncontrolled
seizures. The decision to perform embolization of an AVM Postradiosurgery Effects
should take into consideration Spetzler-Martin grade as well Immediate postradiosurgery complications are rare. The po-
as the combined surgical and endovascular risk for a partic- tential morbidity of radiosurgery is delayed and corresponds
ular patient. The risks of embolization must be weighed with the time course for AVM obliteration, as well as for the
against other risks in terms of combined morbidity and inflammatory-mediated effects discussed ab®&¢esz-144
mortality for surgery and/or radiosurgery. Currently, all data Symptomatic imaging changes are found in 10% of treated

Downloaded from stroke.ahajournals.org by on January 3, 2009


http://stroke.ahajournals.org

1466 Stroke  June 2001

patients. These changes resolve in half the patients within 3 Recommendations

years of onset. Permanent changes as a result of radiatiorMultimodality therapy should be performed only if it is part
necrosis occur in 2% of patients. Thus, there is a 5% to 7% of a total treatment plan to eradicate an AVM. The goals of
risk of treatment-related complications with radiosurgery. In the different modalities should be clear at the outset. Because
addition, symptomatic patients are exposed to a 3% to 4% of the variability of resources available in any one area of the
risk per year of hemorrhage during the time to obliteration. country or world, some patients are offered partial treatment
Therefore, over a 3-year period, the patient has a 14% to 19%Wwith a single technique. Such treatment is unjustified. Al-
risk of complication or hemorrhage in addition to possible though it is difficult to make generalizations about specific
incomplete obliteration. uses of multimodality treatment, such treatment does appear

Data regarding protection from rehemorrhage during the 2- to to play a helpful role in larger lesions (Spetzler-Martin grade
3-year interval after treatment with radiosurgery are inconclu- !l or V) for which complete obliteration is the goal. The hope
sive. Although Karlsson et b reported protection from rehem-  is that with combined techniques, the overall risk of therapy
orrhage in the interval before complete obliteration, other se- Will be reduced, although this is yet to be proven statistically.
ries6.147have not identified such a benefit. In our experience, . . .
the hemorrhage rate after radiosurgery remains the same as the X. Specific Considerations
hemorrhage rate before radiosurgery until the AVM obliterates. Pregnant Patients
However, there has not been an observed hemorrhage aftemhe data regarding AVM hemorrhage risk during pregnancy
complete obliteration. are inconclusive. Some studies suggest that the risk of
hemorrhage during pregnancy is similar to that at other
times149-151|n g study of 451 patients who had 540 pregnan-
cies, the incidence of hemorrhage was found to be 3.5%
during the 52 weeks after the patient’s last menstrual period.
In patients with a history of hemorrhage before pregnancy,
the incidence of hemorrhage was 5.8% during the year after
the last menstrual period, but the number of patients with
hemorrhage was small, which made the data nondefinitive.
Neither of these rates was significantly different from similar
nonpregnant populatiorig?

The rebleeding rate during the same pregnancy for patients
who present with hemorrhage during pregnancy may be higher
than the early rebleeding rate in nonpregnant patients. Among 27
women with hemorrhage during pregnancy who did not have
immediate resection of the AVM, there were 7 recurrences of
hemorrhage before or immediately after deliviEBA51.153This
rebleeding rate of 26% (with a 95% confidence interval of 9% to
49%) is well over the 6% expected in the first year after a

IX. Multimodality Treatment of AVM hemorrhage in nonpregnant patients. Although these studies

AVMs are often treated by more than one treatment modality. represent Ie\{el V evidence, therg Is a suggestion that some
This occurs in one of two fashions. It is done as either a Pregnant patents who present with hemorrhage may benefi

planned maneuver, typically with embolization followed by fm'T earlyhdeflnlgvg the(rjaﬁ)_y. has b . f
surgical resection or radiosurgery, or as an unplanned maneu- b tert’n_o_rr age durln? S!VEW as ﬁ?n a r_r:agcl)r ((:jortmern c:d
ver where one treatment modality fails and a second treat- obstetncians and patients, however, the avayable data wou

ment modality is necessary to obliterate the AVM. This can Eyghgest_ tl? ?t '2 mosthcasefr,] vaglr:_al dellljvery does no;é;rry a
occur in situations such as residual AVM after subtotal '9"'€" MiSkTorhemorrage than delivery by cesarean s n.

surgical resection or resection of an AVM after incomplete There are no data available to adpl ress whether cesarean S ection
; . helps to reduce the already low incidence of AVM-associated
radiosurgical treatment.

There are only level V studies in the literature regarding this complications during delivery, although there is evidence that

f . . increased venous pressure during a Valsalva maneuver is not
orm of therapy. In these studies, both strategies of planned and .. . - .

. . . directly transmitted to the draining veipfs.
unplanned combined modality therapy are reported. Initial de-
scriptions of combined treatment modality included endovascu- Recommendations
lar and surgical resection. Although results have been reported inlf a woman anticipates pregnancy and has a known AVM,
series of fairly large numbers of patieAtd“8patients are still treatment should be considered before the pregnancy. If the
evaluated on a case-by-case basis. Therefore, there are néesion is discovered during pregnancy, a decision should be
specific recommendations that can be made as to which patientamade regarding the treatment risks versus the risk of hemor-
benefit from multimodality therapy. This level of recommenda- rhage during the remainder of the pregnancy if the lesion is
tion is in keeping with the great variability of AVMs in terms of  left untreated. This also must include the potential risk to the
their angioarchitecture, as well as the risk of specific treatment fetus during intervention, whether it be by embolotherapy,
given the factors outlined above. surgical extirpation, or radiation and the associated diagnostic

Recommendations
Radiosurgery can be considered in lesions thought to be at

high risk from a surgical or endovascular standpoint. The
overall efficacy of radiosurgery is higher for small lesions,
and therefore, this modality may be considered as a primary
treatment for 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, surgically accessible lesions (Spetzler-
Martin grade | or Il), surgery has fewer risks than radiosur-
gery. Radiosurgery may be considered in larger lesions
(Spetzler-Martin grade Il through V) only if the overall goal

is complete obliteration of the lesion. Partial treatment of a
larger lesion with radiosurgery or embolization subjects the
patient to the risks of the procedure without eliminating the
risk of hemorrhage.
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tests. In most cases, such risk-benefit analysis will not tified in dealing with pediatric patients, whereas only low-risk
support elective treatment of AVMs during pregnancy. strategies should be offered to elderly patients.

Pediatric Lesions Management of Complications
Pediatric patients make up12% to 18% of surgical AVM
series from experienced centér$:157 AVMs account for
30% to 50% of hemorrhagic strokes in childreass.15%nd
pediatric patients are more likely to present with hemorrhage
than adults, with some series reporting an 80% to 85%
hemorrhage rate as their initial presentatigfitcoBecause of

the large degree of arteriovenous shunting relative to cardiac
output, neonates and infants can present in cardiac failure
from arteriovenous shunting’-166 The remaining pediatric
AVM patients present with seizures, headache, neurological
deficit, or incidentally.

The long potential life span of a pediatric patient with an
AVM leads to a high lifetime risk of hemorrhagé2s Hemor-
rhagic events from an AVM in children have also been associ-
ated with a 25% mortality raté? This high risk of hemorrhage  Seizures
from a pediatric AVM would tend to warrant treatment when- Obliteration of AVMs may reduce the incidence of seizures.
ever possible; however, 10% to 42% of children with AVMs  After surgery, one report of level V evidence documented no
have been managed without treatment, depending on referralstatistical difference in seizures between surgically treated
pattern and bias of the institutiépf.160.168.16¢\oreover, pediat- and medically treated groups of patients with AVMS,
ric AVMs are more commonly found in eloguent locations such Several other reports, however, documented the efficacy of

Hydrocephalus
Hydrocephalus may occur as a result of intraventricular

hemorrhage secondary to an AVM. When this occurs soon
after hemorrhage, urgent insertion of ventricular drainage
catheters may be necessary. These catheters can also be used
to monitor intracranial pressure in patients in the intensive

care unit setting. As the ventricular blood is cleared, patients

may have chronic hydrocephalus and thus may warrant
ventriculoperitoneal shunting. This decision should be made

on an individual basis, based on the size of the ventricles and
the cerebrospinal fluid pressure. In rare instances, hydroceph-
alus can result from compression of the aqueduct of Sylvius

by large draining veins of AVMs.

as the basal ganglia and thalargfsto.+71 surgical resection of AVMs in decreasing the seizure rate. In

Pediatric AVMs have been treated with surgical exci- one report in 27 patients undergoing surgical resection of an
sion;1s4-157,160.167.169.170.172-1¥ndovascular embolizatiof7 AVM and an epileptogenic center, seizure control was
radiosurgery?”176-182 and multimodality managemet183 believed to be excellent in 21 of the 27 patients and poor in

The efficacy of treatment reported in these series, however, 1 patientisén a larger series of 200 patients with AVMs, 163
constitutes level V evidence. Most of the large series of pediatric had experienced no seizures preoperatively. Of this group, 8
AVMs, regardless of treatment modality, have been associatedpatients (6%) had new-onset seizures. Of the 102 surviving
with higher rates of morbidity and mortality than adult series, patients who had presented with seizures, 85 (83%) were
except for a few that have reported favorable resths’* The seizure free over a 2-year minimum follow-up. Of these
largest surgical series comes from Humphreys ét%alyho  patients, 48% no longer received anticonvulsant therapy.
reported a series of 160 pediatric AVMs in Whlc_h the morbidity Although 17% suffered intermittent seizures, 13 of these
and mortality rates were 18% and 11%, respectively. The largestatients reported improved control compared with before
endovascular series is a series by Lasjaunias'€t @l 179 surgeryie?

pediatric AVMs, in which the morbidity and mortality rateswere  other surgical series are equally promising and suggest

28% and 16%, respectively. The largest radiosurgical series is ageizyre control may correlate with age at seizure onset, duration
series by Levy et & of 40 pediatric AVMs, in which they ¢ sejzures, and location of lesion and cortical excigfén.
reported a 30% rate of permanent neurological deficits. gimjjar results have been reported in the radiosurgical literature,
Several authors have reported AVM recurrence in pediatric \yi seizure control noted after radiosurgery for AVMs in 55%
patients after total surgical resection, with postoperative angio- to 70% of patients with AVM obliteratiot® Although all of the

ghram hconflrhmlgg completef obI|terat|dﬁ7.x160~17_1’15:T_hesde lau- reports available are level V data, it can generally be expected
thors have had no cases of recurrent AVMs in their adult AVM surgical or radiosurgical obliteration of an AVM will reduce

Z(i;;\js’ Lhus sugge St'rr:.? da pathgpﬂysmlc;glcal dlﬁgrendcel beE\r/\k/‘t.ee eizure activity. No studies exist from which recommendations

§ that occurin children and t oset. at occurin a ults. ThIS 21 be made in terms of duration or type of anticonvulsant
could be a consequence of the relatively immature cerebral .

. . prophylaxis after treatment.

vasculature in children. It also suggests that AVMs may not
strictly be congenital lesions. One study has suggested that
certain pediatric AVMs may express higher astrocytic vascular
endothelial growth factor than adult AVMs, which may in part

XI. Other Vascular Malformations
This document specifically addresses intracranial parenchy-

lain their ability t r54 Th f vediatri mal or pial AVMs and does not cover recommendations for
explain their ability to recuft € rare recurrence ot pediatric angiographically occult AVMs, cavernous malformations,

AVMs after complete surgical excision may be an indication for dural AVMs o fistulae (including vein of Galen AVM), or

postoperative radiographic follow-up in these patients; however, spinal AVMs. These other lesions reflect unique consider-

there have been no prospective studies conducted to support thlsations of epidemiology, diagnostic evaluation, natural history,

Recommendations risk-benefit analysis, and therapeutic strategies. Other special
The younger the patient, the more conclusively treatment is considerations in rare familial AVMs and those associated
warranted. More aggressive treatment strategies can be juswith hereditary hemorrhagic telangiectasia (Osler-Weber-
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Rendu disease), including vascular malformations affecting 27.
multiple organ systems, are also beyond the scope of this
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