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KEY POINTS

� Dynamic time-resolved computed tomography (CT) or magnetic resonance angiography
can visualize important hemodynamic features of arteriovenous malformations (AVMs),
such as feeding arteries or early venous drainage.

� CT perfusion can help identify local pathologic phenomena, such as arterial steal and
venous congestion, that can cause ischemic or hemorrhagic complications.

� Digital subtraction angiography (catheter angiography) remains the gold standard in AVM
evaluation.

� In parametric imaging, an entire digital subtraction angiographic image sequence (arterial,
capillary, and venous phases of radiographic contrast filling) is converted into a single
composite color image.

� Both invasive and noninvasive intraoperative imaging techniques are available to deter-
mine the presence of a residual AVM during open surgical resection.
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INTRODUCTION

Brain arteriovenous malformations (AVMs) are abnormal communications between
cerebral arterial supply and venous drainage that form a nidus. Their defining hallmark
is shunting of blood flow from brain arteries to large veins, noted radiographically by
early venous drainage. Diagnostic imaging is of chief importance for managing brain
AVMs. Estimation of risk for rupture and hemorrhage and determination of treatment
strategy (surgical, radiosurgical, endovascular, or a combination of these) rely on an
understanding of the location and angioarchitecture of a patient’s AVM.
Traditionally, AVMwas diagnosed using basic noninvasive studies, such as noncon-

trast computed tomography (CT) and magnetic resonance (MR) imaging, followed by
CT or MR angiography, to differentiate AVMs from developmental venous anomalies,
intracranial aneurysms, or other vascular lesions. Catheter-based digital subtraction
angiography was then performed to confirm the diagnosis and characterize the hemo-
dynamic properties of the AVM.
Over the past decade, several novel CT- and MR-based noninvasive imaging mo-

dalities have emerged, allowing more detailed evaluation of these complex lesions
and providing hemodynamic profiles of abnormal vessels (feeding pedicles, draining
veins) that could not be detected previously. This article reviews these modern imag-
ing techniques and discusses their application in various clinical settings. The current
role of catheter angiography in the diagnosis and treatment of AVMs is also reviewed,
and grading scales that are used to characterize rupture and assess perioperative risk
are compared. Finally, novel intraoperative imaging approaches used for AVM treat-
ment are discussed.

INCIDENCE AND NATURAL HISTORY

The incidence of brain AVMs remains unclear1,2 but has been estimated to be as high
as 0.5% based on autopsy data.3 AVMs typically present with neurologic symptoms
but may be diagnosed incidentally. They generally cause symptoms such as hemor-
rhage or seizure, but also may have clinical manifestations from mass effect and
ischemia. Ruptured vascular malformations are generally treated because of the risk
of rerupture,4,5 which is highest during the 5 years after the first presentation with hem-
orrhage. The annual rupture risk in patients with symptomatic but untreated AVMs has
been reported to be between 2% and 4%,5,6 and treatment of unruptured AVMs is
frequently offered to avoid perceived risk of future hemorrhage. Treatment is also
sought for unruptured but symptomatic AVMs to abate symptomatology, including
seizure, mass effect from hydrocephalus,7,8 cranial neuropathy,9,10 and ischemia.11

NOVEL IMAGING MODALITIES
Whole-Brain CT Angiography and Perfusion Imaging

Whole-brain CT angiography and perfusion imaging for evaluating patients with AVMs
became available after the introduction of a 320-detector row CT scanner capable of
evaluating the whole brain. It combines dynamic time-resolved 3-dimensional CT
angiography (thus called 4-dimensional [4D] CT angiography) of the brain with
whole-brain CT perfusion imaging that can be performed simultaneously.12 This tech-
nique provides excellent spatial resolution and allows recognition of important AVM
properties, including identifying feeding arteries and distinguishing them from normal
arteries, and showing arteriovenous shunting and early venous filling.13,14

Because of its noninvasive nature, whole-brain CT angiography in combination with
perfusion imaging is nowwidely used to evaluate patients with suspected AVMs (eg, in
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