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Abstract

Brain arteriovenous malformations (AVMs) are abnormal vascular connections
within the brain that are presumably congenital in nature. There are several
subgroups, the most common being glomerular type brain AVMSs, with fistulous
type AVMs being less common. A brain AVM may also be a part of more
extensive disease (eg, cerebrofacial arteriovenous metameric syndrome). When
intracranial pathologic vessels are encountered at cross-sectional imaging, other
diagnoses must also be considered, including large developmental venous
anomalies, malignant dural arteriovenous fistulas, and moyamoya disease, since
these entities are known to have different natural histories and require different
treatment options. Several imaging findings in brain AVMSs have an impact on
decision making with respect to clinical management; the most important are those
known to be associated with risk of future hemorrhage, including evidence of
previous hemorrhage, intranidal aneurysms, venous stenosis, deep venous
drainage, and deep location of the nidus. Other imaging findings that should be
included in the radiology report are secondary effects caused by brain AVMs that
may lead to nonhemorrhagic neurologic deficits, such as venous congestion,
gliosis, hydrocephalus, or arterial steal.
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TOM TAT

Di dang dong tinh mach n&o (AVM) la céc ndi két mach méu bat thuong trong no
c6 1& c6 nguon gbc bam sinh. C6 mot sé6 phan nhom, thdng thuong nhat 1a kiéu
AVM n&o hinh cau, AVM kiéu do it gap hon. AVM nio ciing c6 thé 1a mot phan
cua bénh Iy rong hon (chang han nhu hoi chimg phan doan dong tinh mach néo-
mat (cerebrofacial arteriovenous metameric syndrome)).Khi gap phai cac mach
mau bénh ly & noi so trén hinh anh cét ngang, can phai xem xét dén cac chan ddan
khac gdom cac bat thuong tinh mach bam sinh Ién, do dong tinh mach mang cang
4c tinh va bénh moyamoya, vi cac nhém nay duoc biét 1a c6 bénh sir khéac biét va
doi hoi céc lya chon diéu tri khac nhau. Mét s6 dau hiéu hinh anh AVM ndo ¢é
anh huong dén quyét dinh xur tri 1am sang. Diéu quan trong nhat 1 biét nguy co
xuat huyét trong tuong lai, ké ca bang chiing xuat huyét trudc do, cac tai phinh
trong 6 di dang (nidus), hep tinh mach, dan luwu tinh mach siu va vi tri sau cua 6
di dang. Céc dau hiéu hinh anh khac can phai dua vao trong két qua doc 1a anh
huong thir phat do AVM gay ra c6 thé dan dén cac khiém khuyét than kinh khéng
Xuat huyét nhu xung huyét tinh mach, ting sinh than kinh dém (gliosis), ndo ung
thuy hoac cudp mau dong mach.
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Introduction

Vascular lesions of the brain are uncommon lesions that may pose a diagnostic
challenge due to their similar clinical manifestations and imaging features.
Different classification systems have been put forward. The most commonly used
classification system separates vascular lesions into arteriovenous malformations
(AVMs), which may be either pial or dural, depending on the location of the shunt;
cavernous hemangiomas (or cavernomas); capillary telangiectasia; and
developmental venous anomalies (DVAs, formerly known as venous angiomas)
(1-3). However, from a clinical, imaging, and prognostic standpoint, further
subclassification of various diseases that were formerly subsumed under the
heading “brain AVMs” seems necessary (4—6). In addition, with the increasing
number of incidentally detected brain AVMs, it seems necessary to pinpoint those
that are more prone to lead to future hemorrhage or cause nonhemorrhagic
neurologic symptoms. Mimics of brain AVMs need to be identified as such to help
guide diagnosis and therapy. In addition, when a brain AVM is found, specific
details concerning the natural risk posed by a brain AVM and the risks related to
treatment need to be reported.

Teaching Point: Many vascular lesions can manifest with abnormal vessels in the
brain at imaging and must be differentiated from one another due to their different
natural histories and the various treatment strategies. For example, classic brain
AVMs and pial arteriovenous fistulas (AVFs) should be managed according to the
risk associated with the disease versus treatment-related risk, DVAs are normal
variants that never require treatment, and dural AVFs with cortical venous reflux
always require treatment.

In this article, we present a practical imaging-based diagnostic approach to
suspected vascular lesions of the brain (Fig 1), discuss the distinguishing features
of various types of brain AVMs and the differentiation of mimics of brain AVMs
from true lesions, and describe the features of brain AVMs that must be reported
to facilitate decision making with respect to treatment.

MO DAU

C4c ton thuong mach mau ndo 1 cac ton thuong it gap, ¢ thé c6 khé khan trong
chan doéan do cac dic diém 1am sang va hinh anh tuong ty. D c6 nhiéu hé théng
phan loai khac nhau. Hé théng phan loai thudng duogc sir dung nhiéu nhat 1 chia
cac ton thuwong mach mau thanh di dang dong tinh mach (AVM), c6 thé hoic 13
mang mém hoic mang cang phu thudc vao vi tri shunt; u mach hang, ddn mao
mach (capillary telangiectasia) va c4c bat thuong tinh mach bam sinh (DVA, trudc
day goi la venous angioma). Tuy nhién, theo quan diém 1am sang, hinh anh va tién
luogng, can phan loai thém cac bénh 1y khac nhau ma trudc day timg dugc gop
chung thanh “AVM ndo”. Ngoai ra véi viéc ting sd luong cac AVM duoc phat
hién tinh ¢, nén c6 18 can xac dinh thém khuynh huéng dan dén xuat huyét vé sau
hogc géy cac trigu chang than kinh khong xuat huyét. Can nhan ra cac bénh ly
giéng AVM néo dé giup hudng dan chan déan va diéu tri. Ngoai ra, khi thdy AVM
ndo, can ghi nhan cac chi tiét dac hiéu lién quan véi nguy co tu nhién do AVM va
cac nguy co lién quan véi diéu tri.

Piém lwu y: Nhiéu ton thuong mach mau c6 thé biéu hién bat thuong mach mau
trong ndo trén hinh anh va can phai phan biét véi nhau do bénh st ty nhién khéc
nhau va chién luoc diéu tri khac nhau. Chang han, AVM néo kinh dién va do dong
tinh mach (AVF) mang mém can phai xir tri theo nguy co lién quan bénh so voi
nguy co lién quan diéu tri, bat thuong tinh mach bam sinh (DVA) 1 bién thé binh
thuong khong can diéu tri, va do dong tinh mach mang cing c6 dong trao ngugc
tinh mach vé ndo ludn can phai diéu tri.

Trong bai nay, ching téi trinh bay mét cach tiép can thuc hanh dwa trén hinh anh
khi nghi ngo ton thuong mach mau n&o (hinh 1), ban luan cac dic diém khac biét
cua nhiéu kiéu AVM va phan biét nhiing dang giong AVM véi ton thuong thuc
su, néu lén cac dic diém caa AVM ndo can phai duoc doc két qua dé tao thuan loi
cho viéc dua ra quyét dinh theo quan diém diéu tri.
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Figure 1. Diagram illustrates a practical imaging-based diagnostic approach to suspected vascular lesions of the brain. ACA = anterior cerebral artery, CAMS =
cerebrofacial arteriovenous metameric syndrome, MCA = middle cerebral artery, PCA = posterior cerebral artery.
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Hinh 1. So d6 minh hoa cach tiép can chan doan thuc hanh dua vao hinh anh d6i voi nghi ngo ton thuong mach méau ndo. ACA = dong mach nio trudc, CAMS = Hoi
chung phan doan dong tinh mach ndo-mat (cerebrofacial arteriovenous metameric syndrome), MCA=dong mach ndo gitra, PCA=dong mach néo sau.
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Abnormal Intraparenchymal Vessels
Classic Brain AVMs

Brain AVMs, or (more specifically) pial AVMs, are abnormal connections
between arteries that would normally supply the brain tissue (ie, pial vessels) and
veins that normally drain the brain, resulting in arteriovenous shunting with an
intervening network of vessels within the brain parenchyma and lack of a true
capillary bed (7,8). The transition between artery and vein can take place via a so-
called nidus (ie, a tangle of abnormal vessels located in the brain parenchyma) or
can be direct (ie, fistulous) without any intervening network. In the latter case, the
term brain arteriovenous fistula or pial arteriovenous fistula is used (5,9,10).
Although brain AVMs are congenital lesions, patients tend to present later in life,
most commonly with intracranial hemorrhage or seizures (11,12).

Teaching Point: The imaging features of a nidus type brain AVM are consistent
with its definition. The diagnostic criteria include (a) the presence of a nidus
embedded within the brain parenchyma, identified at either cross-sectional
imaging (eg, computed tomography [CT], magnetic resonance [MR] imaging) or
conventional angiography; and (b) early venous drainage, which is best seen on
dynamic studies, the standard of reference being conventional -catheter
angiography.

Definite interpretation of early venous drainage can be made only if the veins are
seen in the “arterial” phase, which may also be identified at standard MR
angiography or CT angiography if the shunt volume and draining veins are large
enough. Imaging modalities such as dynamic MR angiography (13-15) and
dynamic CT angiography are increasingly being used in the detection of early
drainage for smaller lesions and therefore in establishing the diagnosis, since the
aforementioned criteria are important for differentiating brain AVMs from other
vascular diseases of the brain.

BAT THUONG MACH MAU TRONG NHU MO
AVM nio kinh dién

AVM ndo hoic AVM mang mém la céc két ndi bat thuong gitra cac ddong mach
cAp mau binh thuong cho nhu mé néo (tic 14, mach mau mang mém) va céac tinh
mach din luu binh thuong, dan dén shunt dong tinh mach véi mang ludi xen k&
cta cdc mach mau trong nhu mé ndo va khong cé giwdng mao mach thuc su. Su
chuyén tiép gitra dong va tinh mach c6 thé dién ra thong qua 6 duoc goi la nidus
(t&c 12 mot ddm mach mau bat thuong nam trong nhu md néo) hoic c6 thé truc
tiép (tac 1a do) ma khong co6 bat ky mot mang ludi mach méau xen ké nao. Trong
trrong hop sau, nguoi ta dung thuat ngir do dong — tinh mach nao hay do dong
tinh mach mang mém. Mac di AVM néo 14 cac ton thuong bam sinh, bénh nhan
c6 xu hudng biéu hién tré trong cudc doi, thuong gap nhat 1a xuat huyét noi so
hoac d@ong kinh.

Piém lwu y: Dic diém hinh anh caa mot AVM ndo kiéu nidus 1a hop véi dinh
nghia cua nd. Tiéu chuan chan doan gom (a) su hién dién caa mét nidus trong nhu
mo ndo, duge xac dinh trén hinh anh cit I6p (nhu CT, MRI) hoic chup mach
thuong qui; va (b) dan luu tinh mach sém, thay rd nhat trén hinh khao sat dynamic,
chuan tham chiéu I1a hinh chup mach qui u6c qua catheter.

Viéc ly giai rd rang cta dan luu tinh mach sém cé thé dugc dua ra chi néu tinh
mach nhin thy & thi dong mach, diéu nay ciing nhan ra duoc trén hinh MRA chuan
hodc chup mach CT néu nhu thé tich shunt va tinh mach din luu da 16n. Céc
phuong phap tao anh nhu chup mach MRI dynamic va chyp mach CT dynamic
ngay cang dugc dung dé phat hién dan luu som di véi cac ton thuong nho hon va
Vi vdy ding trong xac dinh chan doén, vi cac tiéu chuan nhu di néi trén 1a quan
trong dé phan biét AVM ndo véi cac bénh mach méu khéc cua néo.
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If a nidus is present, two subtypes of abnormal networks of vessels can be
encountered. The typical type is the glomerular or compact type nidus, which
consists of abnormal vessels without any interspersed normal brain tissue (Figs 2,
3). The more rarely seen second type is the so-called diffuse or proliferative type
nidus, in which normal brain parenchyma is interspersed throughout the tangle of
vessels (Fig 4). If this finding is present, proliferative angiopathy or cerebrofacial
arteriovenous metameric syndrome (CAMS) must be included in the differential
diagnosis and can be distinguished from a true brain AVM on the basis of the
absence of early venous drainage seen in proliferative angiopathy and the classic
location and association with facial AVMs seen in CAMS.

Néu c6 mot nidus, c6 thé gap hai phan nhém mang ludi mach mau bat thuong.
Kiéu thong thuong 1a nidus kiéu hinh cau hay kiéu dic, gdm cac mach mau bat
thuong ma khdng c6 bat ky mot nhu mé néo binh thudng nao xen vao (hinh 2, 3).
Kiéu thr hai hiém gap hon, con goi 1a nidus kiéu ting sinh hay lan toa, trong d6
nhu mé ndo binh thuong xen vao khiap dam réi mach mau (hinh 4). Néu c6 dau
hiéu nay, bénh mach mau tang sinh hoac hoi ching phan doan dong-tinh mach
ndo-mat (CAMS) can phai dua vao trong chan doan phan biét va c6 thé phan biét
véi AVM ndo thuc sy dwa vao sy vang mat caa dan luu tinh mach sém thay trong
bénh mach mau tang sinh, vi tri kinh dién va di kém AVM mit gap trong CAMS,
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a. b.

Figure 2. Classic superficial type brain AVM in an 18-year-old man who
presented with a left parietal hematoma. (a) Axial contrast material-enhanced CT
scan shows a tangle of intensely enhancing tubular structures embedded in the left
parietal lobe, a finding that is compatible with a nidus. Hyperattenuation
representing intraventricular hemorrhage is noted in the ventricles. (b) Maximum
intensity projection image (basal view) from CT angiographic data shows
enlargement of the left middle cerebral artery (MCA) (relative to the right side),
which supplies the nidus. (c) Lateral left internal carotid angiogram reveals a
glomerular type nidus in a cortical location, supplied mainly by the posterior
parietal and angular branches of the left MCA, with early drainage into a left
parietal cortical vein, findings that confirmed the diagnosis of a brain AVM.
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Hinh 2: AVM néo kiéu nong kinh dién ¢ bénh nhan nam 18 tudi c6 mau tu ving
dinh trai. (a) Axial can quang cho thdy mot ¢am rdi cdu triic dang dng bat quang
manh nhung trong thuy dinh trai, mot dau hiéu hop véi nidus. Ghi nhan tang dam
d6 biéu hién xuat huyét trong ndo that. (b) Hinh anh hudéng cuong do téi da (MIP)
(nhi tir day) tir dit liéu chup mach CT cho thay Ién dong mach ndo gita trai (so véi
bén phai), cAp méau cho nidus. (c) Chup dong mach canh trong trai thé nghiéng
thay mot nidus Kiéu hinh cau & vi tri v ndo, duoc cip mau chu yéu boi nhanh goc
va nhanh dinh sau ctia dong mach n&o gitra trai, véi dan luu sém vao tinh mach vé
dinh trai, cac dau hiéu khang dinh chan doan AVM no.
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a.

Figure 3. Classic deep type brain AVM in a 19-year-old woman who presented
with sudden headaches followed by loss of consciousness. Bilateral cranial nerve
VI palsy was seen at physical examination. (a, b) Axial unenhanced (a) and
contrast-enhanced (b) CT scans show intensely enhancing vascular structures at
the left thalamus. Although no evidence of hemorrhage was seen at CT, there was
strong clinical suspicion for rupture. (c) Lateral left vertebral angiogram helps
confirm the presence of a thalamic brain AVM, supplied by the thalamoperforator
vessels and left posterior choroidal branches and draining mainly into the vein of
Galen and minimally into the left basal vein of Rosenthal (arrows). Note the small
venous pouches (arrowheads), whose presence suggests a high risk of hemorrhage.

-

C.

Hinh 3: AVM n&o kiéu sau kinh dién & bénh nhan nit 19 tudi dau dau dot ngot sau
d6 mat tri giac. Kham thyc thé thay liét day than kinh VI hai bén. (a, b) Axial CT
khong can quang (a) va can quang (b) cac cau tric mach mau bit quang manh &
doi thi trai. Mat di khong c6 bang chung xuat huyét trén CT, 1am sang ¢6 nghi ngo
hiéu dén va. (c) Chup .dong mach cot song trai thé nghiéng gitp khang dinh su
hién dién cia AVM d6i thi, duoc cap mau boi dong Mach xuyén doi thi va cac
nhanh dong mach mach mac sau trai va dan luu cht yéu vao tinh mach Galen va
dan luu it vao tinh mach nén cua Rosenthal bén trai (mdi tén). Ghi nhan cac tdi
tinh mach nho (dau mili tén), sw hiéndién caa cac tli ndy goi ¥ nguy co xuat huyét
cao.
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a.

Figure 4. Proliferative type brain AVM in a 27-year-old woman who presented
with a 6-year history of headaches and seizures. (a) Axial contrast-enhanced CT
scan shows an enhancing vascular lesion in the left parasagittal frontal lobe, with
internal focal isoattenuating areas representing normal brain parenchyma
interspersed within the nidus. (b, ¢) Lateral right internal carotid (b) and left
vertebral (c) angiograms reveal that the nidus is supplied by branches of both
anterior cerebral arteries and the left posterior callosal branches, with
leptomeningeal supply from branches of the left posterior cerebral artery (PCA)
and early venous drainage into the parasagittal frontal cortical veins, findings that
confirm the diagnosis of a brain AVM. Note the radiolucent areas within the nidus,
compatible with a proliferative type lesion.

N
C.

Hinh 4. AVM kiéu ting sinh & bénh nhan nir 27 tudi c¢6 bénh st dau dau 6 nam va
dong kinh. (a) Axial CT can quang thay ton thuong bit quang mach mau ¢ thiy
tran canh duong doc gitra trdi véi ving dong dam do khu trd bén trong thé hién
nhu moé nao binh thuong xen k& trong nidus. (b, ¢) Chup dong mach canh trong
trai thé nghiéng (b) va dong mach cot séng tréi (c) thay nidus duoc cAp mau tir cac
nhanh cta ca hai dong mach ndo trudc va nhanh thé chai sau trai, véi cap mau
mang mém tir cac nhanh ciia dong mach ndo sau trai va dan luu tinh mach sém
vao cac tinh mach vo ndo tran canh duong doc giira, cac dau hiéu khang dinh chan
doan AVM. Ghi nhan c4c ving thau quang trong nidus pht hop véi ton thuong
Kiéu ting sinh.
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The arterial feeder vessels and venous drainage of a brain AVM will depend on
the location of the nidus. Deep and ventricular locations will recruit perforator
(Ientriculostriate, thalamoperforator branches) and choroidal (anterior, medial, and
lateral posterior choroidal arteries) supply, respectively, whereas venous drainage
will typically be via the deep venous system (Fig 3). In more superficial or cortical
locations, the main arterial supplies are through the pial arteries (branches of the
anterior cerebral artery, MCA, and PCA), whereas venous drainage is mainly
through the cortical veins (Fig 2). The absence of cortical venous drainage in a
superficially located brain AVM may indicate thrombosis of the superficial outlets
with subsequent rerouting into the deep system, which would suggest a more
unstable lesion. Recruitment of the transdural supply is sometimes seen in large
lesions. It must be determined whether this supply feeds the normal brain (as a
result of an arterial steal with subsequent chronic ischemia of the normal brain that
Is compensated for by the transdural supply), or whether it feeds the brain AVM
itself, which tends to be seen in a superficial type brain AVM with angiogenetic
(or proliferative) potential.

Cerebrofacial Arteriovenous Metameric Syndrome

CAMS (also known as Wyburn-Mason syndrome or Bonnet-Dechaume-Blanc
disease) is one of the segmental neurovascular syndromes, which are the result of
somatic mutation occurring within the region of the neural crest or adjacent
cephalic mesoderm before the migration of these precursor cells to their final
location. Because daughter cells that carry the mutation are “seeded” along
predefined migration paths, AVMs with a segmental distribution will be
encountered (either synchronously, or, more often, metachronously) (16).

CAMS type 1 involves the medial prosencephalon and will manifest with AVMs
located at the corpus callosum, hypothalamus (hypophysis), and nose. CAMS type
2 involves the lateral prosencephalon, with AVMs at the occipital lobe and optic
tract, including the thalamus, retina, and maxilla (Fig 5). CAMS type 3 involves
the rhombencephalon, and affected patients will have AVMs at the cerebellum,
pons, and mandible. Overlapping of territories is common and will result in mixed
phenotypes (16-19).

10

Pong mach nudi va tinh mach dan luu s& phu thuoc vao vi tri cua nidus. Cac vi tri
sau va nio that s& dugc cap mau theo thi ty 1a cac dong mach xuyén (dau van, cac
nhanh xuyén doi thi) v mach mac (cac do6ng mach mach mac trudc, giira va sau
bén), trong khi din luu tinh mach thuong qua hén théng tinh mach sau (hinh 3). O
cac vi tri nong hon hoic vé ndo, cap mau dong mach chu yéu 1a qua cac dong mach
mang mém (c&c nhanh caa dong mach nio trudc, gitta va sau), trong khi tinh mach
dan luu chit yéu qua tinh mach vo (hinh 2). Khéng ¢6 dan lwu tinh mach vo trong
AVM ¢ vi tri ndng cé thé ching to huyét khi cta tinh mach néng di ra kém theo
la 6 su dan luu lai & hé théng sau, diéu ndy cd thé goi y mot ton thuong khong 6n
dinh hon. Can phai xac dinh 1a c6 hay khdng cé su cAp méau nay nudi ndo binh
thuong (vi ket qua ciia cuép méau dong mach dan dén thieu mau man tinh ciia mo
ndo binh thuong dugc bu trir bang su cap mau Xuyén mang cang) hoac su Cap mau
nay nudi ban than AVM néo, xu hudng nay thay trong AVM néo kiéu néng kém
kha nang sinh mach (hoic tang sinh).

Héi chitng phan doan djng tinh mach ndo-mat (CAMYS)

CAMS (con dugc goi la hoi chitng Wyburn- Mason hay bénh Bonnet-Dechaume-
Blanc) 1a mét trong nhiing hoi ching than kinh mach mau phan doan, 1a két qua
ctia dot bién x6 ma, xay ra trong ving ciia mao than kinh hozc trung bi nfo ké can
truéc khi c6 sy di tri ciia cac té bao tién thé nay dén vi tri cudi ciing. Vi cac té bao
con mang dot bién “gieo ric” doc theo cac duong di tri d3 duoc dinh trudc, nén
s& gép duoc cc AVM véi phan bd phan doan (dong thoi, hodc thuong gap hon 1a
bién thori).

CAMS kiéu 1 lién quan vai phan trong cta nio trudc va sé biéu hién véi AVM
nam & thé chai, ha ddi (tuyén yén) va miii. CAM kiéu 2 lién quan véi phan ngoai
clia ndo trudc véi AVM ¢ thly cham va dai thi, bao gém doi thi, véng mac va
xuong ham trén (hinh 5). CAM kleu 3 lién quan vai tram ndo va bénh nhan bi anh
hudng s& c6 AVM ¢ tiéu ndo, cau nio va xuong ham du6i. Thuong gap su chéng
lén cua cac 13nh tho va sé dan dén kiéu hinh hdn hop.
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a. b.

Figure 5. CAMS type 2 in a 10-year-old girl who presented with a 1-year history
of progressive right hemiparesis. Chemosis and proptosis of the left eye were also
noted. (a, b) Axial contrast-enhanced CT scans obtained at the level of the orbits
(a) and brain (b) show an enhancing vascular lesion at the left basal ganglia. The
lesion exerts a mass effect on the left lateral ventricle. In addition, serpiginous
structures are seen surrounding the optic nerve. (c) Lateral left internal carotid
angiogram demonstrates a proliferative type brain AVM nidus at the basal ganglia.
Another smaller AVM is noted surrounding the left optic nerve (solid arrow).
There is early venous drainage anteriorly into the basal frontal cortical veins
(arrowheads) and posteriorly into the basal vein of Rosenthal (open arrow).
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Hinh 5: CAMS kiéu 2 & bé gai 10 tudi c6 bénh st 1 nim 1iét nira ngudi tién trién.
Ghi nhan phui két mac va l6i mit trai. (a, b) Axial CT & muc hoc mat (a) va ndo
(b) thay ton thuong mach mau bat quang & hach nen tréi. Ton thuong gay hiéu trng
choén chd ¢ ndo that bén trai. Ngoai ra, thiy cac cau trdc ngoan ngoeo xung quanh
than kinh thi. (¢) Chup dong mach canh trong thé nghiéng thay nidus AVM néo
Kiéu tang sinh & hach nén. AVM nho khac dugc ghi nhan xung quanh than kinh
thi trai (miii tén dic). CO dan luu tinh mach sém & phia trudc vao tinh mach vé
tran nén (dau mii tén) va dan luu & phia sau vao tinh mach nén cua Rosenthal (miii
tén ho).
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The most important clue to the diagnosis of CAMS is the presence of multiple
AVMs in both the brain parenchyma and the facial region. The brain AVMs have
a characteristic distribution as described earlier, and a diffuse or proliferative type
nidus with supply from multiple small perforator collateral vessels with rather
slow arteriovenous shunting into the veins, which makes these AVMs extremely
difficult to treat. If a brain AVM with these features is encountered at routine
cerebral angiography, contrast material should be injected into the external carotid
arteries to help evaluate for potential optic, maxillofacial, or mandibular vascular
malformations.

The natural history of brain AVMs associated with CAMS seems to be different
from that of classic brain AVMs in that the former rarely manifest with
hemorrhage (16,17). However, neurologic symptoms may develop through other
pathomechanisms such as obstructive hydrocephalus from the draining veins or
the brain AVM nidus (20), seizures due to venous congestion from progressive
thrombosis of the venous drainage of the brain AVM, and progressive neurologic
deficits due to enlargement of the brain AVM itself over time (21). More
commonly, patients will present with symptoms related to the facial AVMs,
including progressive vision loss resulting in blindness (22,23), bleeding from the
teeth and gums, and cosmetic problems (eg, facial asymmetry) (19,23,24).
Recurrent bleeding from maxillary and mandibular AVMs is often severe, and
endovascular treatment is the best option in the emergency setting (Fig 6).
However, surgical resection (whenever possible) remains the treatment of choice
for facial AVMs.
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Manh méi quan trong nhit dé chan doan CAMS 1a su hién dién nhiéu AVM ¢ ca
nhu mé ndo va viing mit. AVM ndo c6 phan b dic trung nhu d3 néi trén va nidus
Kiéu tang sinh hoic lan toéa v& sy cap mau tir nhidu mach mau xuyén nho bang hé
kém dan luu dong tinh mach chim hon vao tinh mach, 1am cho nhiing AVM nay
rat kho diéu tri. Néu AVM nido ¢ cac dic diém nay trén chup mach ndo thuong
quy, can phai tiém thubc can quang vao dong mach canh ngoai dé giup danh gia
cac di dang mach mau c6 thé cé ¢ than kinh thi, ham mat hoic ving ham dudi.

Bénh sir ty nhién cia AVM lién quan vai CAMS co I€ khac voi AVM néo kinh
dién 1a hiém khi c6 biéu hién xuat huyét. Tuy nhién, c4c triéu chiing than kinh c6
thé phét sinh thong qua co ché bénh hoc nhu ndo tng thuy tic nghén do céc tinh
mach dan luu hoic nidus cia AVM, dong kinh do xung huyét tinh mach tir huyét
khoi tién trién ctiia dan luu tinh mach trong AVM néo, va khiém khuyét than kinh
tién trién do ban than AVM n&o I16n theo thoi gian. Thong thuong hon, bénh nhan
s& 0 triéu ching lién quan véi AVM mat gdom giam thi luc tién trién dan ¢én mu,
chay mau rang va loi, va van détham my (chang han, bat d6i xiing mat). Chay mau
tai phat tr AVM ham trén va ham dudi thuong ning, va diéu tri noi mach 1a lec
chon tét nhat trong truong hop cap ciu (hinh 6). Tuy nhién, phau thuat cit bo (néu
duoc) van con 1a phuong phap diéu tri chon lya cho AVM miit.
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a.

Figure 6. CAMS type 2 in a 7-year-old girl who presented with recurrent episodes
of bleeding from the gum due to eruption of a left molar. (a) Coronal CT scan
(bone window) reveals an osteolytic lesion within the alveolar ridge of the left
maxilla. (b, c) Left external (b) and internal (c) carotid angiograms demonstrate a
facial osseous AVM supplied by branches of the internal maxillary and transverse
facial arteries and draining into an intraosseous venous pouch (arrow in b). This
finding corresponds to the osteolytic lesion seen in a and proved to be the source
of the patient's bleeding. An AVM of the left optic nerve is also noted, thereby
allowing the diagnosis of CAMS type 2. In this case, emergency embolization of
the facial AVM was performed to stop the bleeding.
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Hinh 6: CAMS type 2 & bé géi 7 tudi c6 ting dot chay mau loi tai phat do moc
rang ham trai. (a) Coronal CT (cta s6 xuong) thay ton thwong hiy xuong trong
Cau 6 rang cua xuong ham trén trai. (b, ¢) Chup dong mach canh ngoai (b) va dong
mach canh trong (c) thiy AVM xuong mat dugc cap mau bai cac nhanh ham trong
va dong mach mit ngang, dan luu vé tai tinh mach trong xuwong (mi tén & b). DAau
hiéu nay tuong g Véi ton thuong hiy xwong thiy & a va dugc chiing minh 13
nguon chay mau cua bénh nhan. Ciing ghi nhan mot AVM than kinh thi trai, Vi
vay cho phép chan ddon AMS type 2 Trong trudng hop nay, thuyén tic mach cap
ctru cia AVM mit duoc thuc hién dé 1am nging chay mau.
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Proliferative Angiopathy

Cerebral proliferative angiopathy, previously known as diffuse nidus type AVM,
Is present in an estimated 2%-4% of all brain AVMs (4). It is thought to be an
entity separate from classic brain AVM. There is a female predilection of 2:1, with
a rather young mean patient age (20 years). Progressive neurologic deficits,
transient ischemic attacks, seizures, and headaches are the common presenting
symptoms, with hemorrhage being extremely rare. Although its etiology is
unknown, the disease is characterized by endothelial proliferation and
angiogenesis. The “nidus” is composed of multiple arteries as an angiogenetic
response to cortical ischemia.

The typical MR imaging and CT findings include a proliferative type nidus in
which normal brain parenchyma is interspersed between the abnormal vessels.
Often, an entire lobe or even brain hemisphere is affected (Fig 7) (25-27). At
cerebral angiography, the arterial feeder vessels tend to be of normal size or only
moderately enlarged. Associated stenoses of the feeder vessels are often identified,
and there is extensive transdural supply to normal and abnormal brain tissue
through branches of the external carotid artery. The lack of clear early venous
drainage on dynamic images is the key to differentiating this disease from classic
brain AVM. Because the pathomechanism of proliferative angiopathy is mainly
due to cortical ischemia (as proved with perfusion-weighted studies), there have
been reports of successful treatment with pial synangiosis or burr-hole therapy to
enhance supply to healthy brain tissue from the external carotid artery (4).
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Bénh mach mau tang sinh

Bénh mach mau ndo tang sinh, trudc day duoc goi 13 AVM kiéu nidus lan toa,
chiém khoang 2-4 % toan bo cac AVM néo. Ngudi ta cho rang n6 1a mot nhom
tach biét véi AVM nio kinh dién. Nit chiém wu thé véi ti 16 2:1, tudi trung binh tré
hon (20 tu6i). Khiém khuyét than kinh tién trién, con thiéu mau thoang qua, dong
kinh, dau dau la c&c triéu chimg thudng gap, con xuat huyét rat hiém gap. Mic dau
chua rd bénh nguyén, bénh c6 dic diém 1a ting sinh noi mac va sinh mach. “Nidus”
goém nhiéu déng mach vi dap tng sinh mach ddi véi thiéu mau vo ndo.

Céc dau hiéu CT va MRI dién hinh gom nidus Kiéu tang sinh, trong d6 nhu mé nio
binh thuong nam xen k& gitra cac mach mau bat thuong. Thong thuong, toan bo
mot thily ndo hozc toan bd ban cau ndo bi anh huong (hinh 7). Trén hinh chup
mach néo, dong mach nuéi c6 xu hudng kich thude binh thuong hodc chi Ion vira
phai. Thuong thay hep cac mach mau nudi di kém va c6 s cap mau xuyén mang
ctimg phong phti di voi nhu mé ndo binh thuong va bat thuong théng qua cac
nhanh ciia dong mach canh ngoai. Khong c6 dan luu tinh mach sém rd rét trén
hinh dynamic 1a diém méau chét dé chan doan phan biét bénh nay véi AVM néo
kinh dién. Vi co ché bénh hoc cua bénh mach mau ting sinh chii yéu do thiéu mau
vo nao (duoc chirng minh trén cac nghién ctu hinh anh tuéi mau), da co cac bao
cac veé diéu tri thanh cong bang cach két ni dong thoi nhiéu mach mau mang mém
(pial synangiosis) hoac tao 16 thong & so dé ting cudng cap mau cho mé nio khoe
manh tir dong mach canh ngoai.
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Figure 7. Proliferative angiopathy in a 26-year-old man with a 6-year history of
progressive left-sided weakness. (a, b) Axial proton-density—weighted (a) and
gadolinium-enhanced T1-weighted (b) MR images show multiple flow voids and
contrast-enhanced tubular structures representing a large vascular lesion that
involves the entire right cerebral hemisphere. The normal brain parenchyma is
interspersed between the abnormal vessels. (c) Anteroposterior right internal
carotid angiogram demonstrates relatively normal-sized MCA branches and lack
of early venous drainage, findings that confirm the diagnosis of proliferative
angiopathy. Stenosis of the proximal M2 segment of the right MCA just distal to
the MCA bifurcation is also noted (arrow). (d) Lateral right external carotid
angiogram shows an extensive transdural supply to the right cerebral hemisphere
via the branches of the middle meningeal artery. The left PCA (not shown) was
also involved.
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Hinh 7: Bénh mach mau ting sinh & bénh nhan nam 26 tudi bi yéu 1/2 nguoi trai
tién trién. (a,b) Axial PD (a) va TIW c6 Gd (b) cho thdy nhiéu cau tric tin hiéu
trong va bat thuéc dang dng biéu hién tén thuong mach mau 16n lién quan véi toan
b ban cau ndo phai. Nhu mé nio binh thuong len giira cdc mach mau bat thuong.
(c) Chup dong mach canh trong thé trudc sau thay cac nhanh dong mach néo giita
kich thudc twong ddi binh thudng va khong co tinh mach dan luu sém, céc dau
hiéu nay khang dinh chan doan bénh mach méu ting sinh. Hep doan gan M2 cua
dong mach canh trong phai xa vé6i chd phan nhanh dong mach canh trong (mui
tén). (d) Chup dong mach canh ngoai phai thé nghiéng cho thay cip mau xuyén
mang ciing phong pht & ban cau ndo phai thdng qua cac nhanh cia dong mach
mang néo gitra. Cling c6 lién quan vai dong mach ndo sau trai (khong chi ra).
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Developmental Venous Anomalies

Although they are not classified as AVMs, DVAs may manifest at cross-sectional
Imaging with an intraparenchymal tangle of vessels and represent extreme variants
of the normal transcerebral venous system. Although DVAs are asymptomatic in
most cases, they may become symptomatic, with venous ischemia or infarctions if
the outflow of the venous collector is compromised (28,29). DVAs are believed to
be adaptations to accidents occurring during embryogenesis between the fourth
and seventh stages of embryologic development (ie, during the 40-80 mm length
interval) as described by neuroembryologist D. H. Padget in a 1948 study,
resulting in occlusion or maldevelopment of either the superficial or deep veins
(30,31). Because of the plasticity of the vascular system at this stage, DVAs are
formed as compensatory pathways, recruiting and dilating preexisting
transmedullary veins.

At CT and MR imaging, the venous collector can be identified as a linear or
curvilinear enhancing structure or flow void. Enhancement of the dilated
medullary veins (“caput medusae”) can also be observed. Large DV As can easily
be differentiated from brain AVMs at cerebral angiography (32—-34). The classic
angiographic feature is the caput medusae (or “inverse umbrella”) appearance of
the transmedullary veins (seen only in the venous phase) draining into the venous
collector, which in turn drains into either a superficial or a deep venous system
(Fig 8). A dense capillary stain can be seen in larger lesions; however, the lack of
arterial enlargement suggests a DVA. In exceptional cases, the veins of the caput
medusae may be seen slightly earlier (ie, in the late capillary phase) due to a more
rapid capillary transit time owing to dilatation of the capillary spaces, a finding
that should not be misinterpreted as an arteriovenous shunt (29).

Teaching Point: Because DVAs rarely bleed, if a DVA encountered during
investigation appears to be the cause of an intraparenchymal hemorrhage, an
associated cavernoma must be sought and can best be seen with gradient-echo or
blood oxygen level-dependent sequences.
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C4c bat thwong tinh mach bam sinh (DVA)

Mic du khong duoc phan loai nhu AVM, cac DVA c¢6 thé biéu hién trén hinh anh
cat 16p vai mot bdi cdc mach mau trong nhu mé va 1a mét bién thé cuc bién cua
hé thong tinh mach xuyén ndo binh thudong. Mic di DVA khdng c6 triéu chlng
trong hau hét cac truong hop, ching cd thé cé triéu chitng vai thiéu mau hoic nhdi
mau tinh mach néu dong ra cia cac tinh mach gop bi tén thuong. DVA duoc cho
1a dap (ng ngau nhién xay ra trong thoi ky sinh phoi gitra giai doan thi tu dén tha
bay ctia phét trién phéi (tac 13, trong khoang chiéu dai 40- 80mm) nhu di duoc md
ta bai nha mé hoc than kinh D. H. Padget trong mot nghién ctiru vao nim 1948,
dan dén tac nghén hodc kém phat trién caa cac tinh mach néng hozc sau. Do tinh
mém déo cuiia hé thdng mach mau ¢ giai doan nay, DVA duoc hinh thanh nhu 13
cac duong bu trir, phuc héi va dan cac tinh mach xuyén tay ton tai trudc do.

Trén CT va MRI cac tinh mach gop c6 thé thdy nhu 1a cau tric bat thudc dang
duong thang hoic dudng cong, hoic tin hiéu trong. Ciing c6 thé quan sat thay bat
thudc cac tinh mach tay dan (hinh anh “dau sia”). Cac DVA 16n c6 thé d& phan
biét véi AVM nao trén hinh chup mach. Dac diém hinh anh chup mac dién hinh I
“dau stra” (hoac hinh anh “chlec du ngugc”) cua cac tinh mach xuyén tuy (chi thay
& thi tinh mach) din luu vé tinh mach gop, tinh mach nay tiép tuc dan luu vé hé
thng tinh mach ndng hoac sau. Mot sy d6i mau mao quan day dac co thé thay ¢
cac ton thuong 16n, tuy nhién, khong c6 lén dong mach goi y DVA. Trong cac
truong hop ngoai 18, cac tinh mach cta dau sia cd thé thay sém hon (tic 13, & thi
mao mach tré) do thoi gian chuyén tiép mao mach nhanh hon nhd viéc dan cac
khoang mao mach, mot dau hiéu khong duoc phép doc nham véi shunt dong-tinh
mach.

Piém cha y: Vi DVA hiém khi gay chay méu, nén néu mot DVA gap trong khi
khao sat 1a nguy@n nhan xuat huyét noi so, can phai tim kiém u mach hang di kém
va cd thé thay rd nhat & chudi xung GRE hoic chud xung phu thudc nong do
oXygen mau.
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Figure 8. DVA in a 25-year-old man who presented with headaches and an
incidentally discovered vascular lesion. (a) Sagittal gadolinium-enhanced T1-
weighted MR image demonstrates multiple enhancing tubular structures, mainly
within the brainstem and vermis, with interspersed normal brain parenchyma.
Some DVAs have a caput medusae appearance, but because of its large size, the
lesion in this case is difficult to differentiate from a brain AVM on the basis of MR
imaging findings alone. (b, ¢) Lateral late arterial phase (b) and venous phase (c)
left vertebral angiograms reveal a dense capillary stain within the brainstem and
vermis; however, there is no arterial enlargement or early venous drainage. The
caput medusae appearance of the transmedullary veins draining into multiple
venous collectors is clearly seen on the venous phase image.
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Hinh 8: DVA ¢ bénh nhan nam 25 tudi dau dau va ton thuong mach méu phat
hién tinh co. (a) Hinh MRI sagittal TIW Gd thay nhiéu cau tric dang ong bat
thudc, chu yéu & trong than ndo va thily giun, véi nhu mé nio binh thuong len vao.
Mot s6 DVA ¢6 hinh anh dau stra, nhung vi kich thudc 16n nén tén thuong trong
truong hop nay kho phan biét véi AVM ndo chi dwa don thuan vao dau hiéu MRI.
(b, ¢) Hinh chup mach cot séng trai thi dong mach trén thé ghiéng (b) va thi tinh
mach (c) thay tam nhuan mao mach day dic trong than néo va thlly giun; tuy nhién,
khong c6 16n dong mach hoic dan luu tinh mach sém. Hinh anh dau st:a cua tinh
mach xuyén tay din luu vao nhiéu tinh mach gop thay rd ¢ thi tinh mach.
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Abnormal Extraparenchymal Vessels

Pial AVFs

Despite belonging to the group of “true” pial AVMs, pial AVFs do not demonstrate
the classic intraparenchymal tangle of vessels. Pial AVFs represent a specific
subgroup of brain arteriovenous shunts and account for approximately 5% of all
brain AVMs (10,35). They constitute true pial arteriovenous shunts and consist of
a direct fistulous communication between a pial artery and a vein without any
intervening nidus. Pial AVFs are located on the surface of the brain, are often high-
flow lesions, and in most instances are associated with dilated venous pouches
(5,9). Pial AVFs are more commonly encountered in children and are frequently
associated with hereditary hemorrhagic telangiectasia (10,36).

Clues to the diagnosis of pial AVFs at cross-sectional imaging include the presence
of (a) dilated vessels, mainly at the brain surface; and (b) asymmetric dilatation of
the pial feeding artery—either the MCA, anterior cerebral artery, or PCA—which
IS best seen at the level of the circle of Willis. These findings can be used to
differentiate pial AVFs from dural AVFs (Fig 9) and may be accompanied by
dilated venous pouches outside the brain parenchyma.
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BAT THUONG MACH MAU NGOAI NHU MO
AVF mang mém

Mac di thudc vé nhém AVM mang mém “thyc su” , AVF mang mém khong thay
dam rbi mach mau trong nhu mé kinh dién. AVF mang mém la mot phan nhém
ddc biét cua shunt déng — tinh mach ndo va chiém khoang 5% céc AVM néo.
Chiing tao thanh shunt dong tinh mach thyc sy va gom mot thong noi do tryc tiep
gitta dong va tinh mach mang mém ma khéng cé nidus xen vao. AVF mang mem
nam & bé mit ndo, 1a ton thwong thuong cé dong chay ca, va trong hau hét céac
truong hop 6 lién quan véi tai tinh mach dan. AVF mang mém thuong gap o tré
em va thuong lién quan véi ddn mao mach xa (telangiectasia) xuat huyét di truyeén.

Manh moi dé chan doan AVF mang meém trén hinh anh cat I6p gom sy hién dién
cua (a) cac mach mau dan, cha yéu ¢ bé mat ndo; va (b) dan bat dbi xang cua dong
mach nudi mang mém — hoic 1a dong mach nio gitta, ndo truéc hoic ndo sau-
thuong thay rd nhat & vong Willis. Cac du hiéu nay c6 thé dung dé phan biét AVF
mang mém va&i AVF mang cang (hinh 9) va c6 thé di kém véi thi tinh mach dan &
bén ngoai nhu md néo.
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a. b.

Figure 9. Pial AVF in a 1-week-old neonate who presented with congestive heart
failure. The patient had a family history of hereditary hemorrhagic telangiectasia.
(a, b) Axial T2-weighted MR images reveal enlargement of the right MCA at the
level of the circle of Willis (arrow in a) and a large dilated vascular structure in the
right perisylvian region (arrowhead in b), findings that are suggestive of a venous
pouch. The upper portion of another large flow void structure is also seen in the
posterior fossa. No nidus can be identified. (c) Lateral right internal carotid
angiogram reveals a high-flow fistula between an MCA branch and a large venous
pouch (arrowhead). Retrograde flow of contrast material into the basilar artery
confirms the presence of another high-flow fistula (arrows) from the posterior
inferior cerebellar artery. The high-flow fistulas and venous pouches are typical
findings in a patient with hereditary hemorrhagic telangiectasia.
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Hinh 9: AVF mang mém ¢ tré so sinh 1 tuan tudi bi suy tim xung huyét. Bénh
nhan c6 bénh sir gia dinh din mao mach xa xuat huyét di truyén. (a, b) Axial MRI
T2W thay Ién dong mach ndo giita phai & ngang muc vong Willis (miii tén & a) va
mot cau tric mach méau dan 16n & ving quanh ranh sylvien phai (dau mili tén & b),
dau hiéu goi y thi tinh mach. Phan trén caa ciu tric flow void I6n khéc ciin g nhin
thay ¢ hd sau. (c)Chup dong mach canh trong phai thé nghiéng thay do dong chay
cao giita nhanh dong mach ndo gita va tai tinh mach 16n (dau mdi tén). Dong
nguoc chiéu cua thudc can quang di vao dong mach than nén khing dinh sy hién
dién cua do dong chay cao khac (miii tén) tir d6ng mach tiéu ndo sau dudi. DO
dong chay cao va tai tinh mach 1 cac dau hiéu dién hinh & bénh nhan bi dan mao
mach xa xuat huyét di truyén.
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Dural AVFs

Dural AVFs are abnormal connections between arteries that would normally feed
the meninges, bone, or muscles, but not the brain, and small venules within the
dura mater. They account for 10%-15% of all intracranial arteriovenous shunts
(37). The simplest way to classify these lesions is to group them into those with
and those without cortical venous reflux. The latter are benign fistulas (Borden
type 1) that almost never lead to neurologic deficits, whereas the former are
regarded as malignant fistulas (Borden types 2 and 3) (38,39). Malignant dural
AVFs often have an aggressive clinical course, including intracranial hemorrhage,
seizure, dementia, altered consciousness, and focal nonhemorrhagic neurologic
symptoms due to venous congestion or rupture of the venous pouches (40,41).

Dural AVFs with cortical venous reflux will manifest with abnormal vessels that
are present outside the brain parenchyma and must be differentiated from other
vascular shunts (described later).

Teaching Point: CT and MR imaging findings include dilated cortical veins (a
condition referred to as a pseudophlebitic pattern by some authors), which
manifest as abnormal enhancing tubular structures or flow voids within the cortical
sulci with no true nidus within the brain parenchyma (Fig 10).

Hypoattenuation of the white matter at CT or hyperintense T2 signal at MR
Imaging indicates venous congestion or infarction, which may eventually lead to
venous hemorrhage. Focal enhancement of these areas may also be observed as a
sign of chronic venous ischemia. Curvilinear subcortical calcifications can be seen
at CT in patients with long-standing cortical venous reflux, possibly due to chronic
venous congestion (42,43). However, cross-sectional imaging alone is often
insufficient to pinpoint the location of a dural AVF. Dynamic studies with MR
angiography, CT angiography, or digital subtraction angiography (the standard of
reference) will demonstrate early venous filling, the contribution from external
carotid artery branches (rather than pial vessels), and shunt location. Treatment is
mandatory for malignant dural AVFs due to their poor natural history if left
untreated.
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AVF mang cang

AVM mang cing 1a cac két néi bat thuong gitta cac dong mach cé thé nudi mot
cach binh thuong mang ndo, xwong hodc co nhung khong phai cho néo, va céc tiéu
tinh mach nho trong mang cang. Ching chiém 10-15% tat ca cac shunt dong tinh
mach ndi so. Cac don gian nhat dé phan loai cac ton thuong nay 1a nhom ching
thanh nhém c6 hay khong c6 dong héi luu tinh mach vo. Nhém khong cé hoi luu
tinh mach 1a do lanh tinh (Borden kiéu 1) hau nhu khong bao gio dan dén khiém
khuyét than kinh, con nhém c6 héi luu tinh mach vo 13 do 4c tinh (Borden kiéu 2
va 3). DO dong tinh mach mang cing ac tinh thuong cd dién tién 1am sang ning,
bao gdom xuat huyét noi so, dong kinh, sa sut tri tug, thay doi tri giac va céc triéu
chtng than kinh khu tri khéng xuat huyét do xung huyét tinh mach hoic va tdi
tinh mach.

AVF mang cang c6 hoi luu tinh mach vé s& ¢6 biéu hién mach mau bat thuong
ngoai nhu mo n&o va can phai phan biét véi cac shunt mach mau khéc.

Piém lru y. C4c dau hiéu CT va MRI gdm dan tinh mach vo ndo (mét tinh trang
duoc xem nhu 13 dang gia viém tinh mach theo mét sé tac gia), c6 biéu hién 1a cac
tric dang éng bt thudc bat thuong hoic flow void trong cac ranh vo ndo kém
khong c6 nidus thuc su trong nhu mé néo (hinh 10).

Giam dam do chat trang trén CT hoic tang tin hiéu T2W trén MRI chang to xung
huyét tinh mach hozc nhoi mau, cudi cing c6 thé dan dén xuat huyét tinh mach.
Bat quang khu trdi cac ving nay ciing c6 thé duoc quan sat thay 1a mot dau hiéu
cta thiéu mau tinh mach man tinh. Pong voi dudi vo dang duong cong c6 thé thay
trén CT ¢ bénh nhan c6 hoi luu tinh mach vo ndo kéo dai, ¢d thé do xung huyét
tinh mach man tinh. Tuy nhién, hinh anh cit 16p don doc thuong khong du dé dinh
vi AVF mang ciing. Cac khao sat dong véi MRA , CTA hoic DSA (tham chiéu
chuan) s& cho thay lap day tinh mach sém, su dong gdp cuia cac nhanh dong mach
canh ngoai (hon 13 cac mach méau mang mém) va vi tri shunt. Bat budc phai diéu
tri cho AVF mang cang do dién tién ty nhién kém néu khong diéu tri.
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a.

Figure 10. Borden type 2 dural AVF in a 45-year-old woman who presented with
sudden loss of consciousness. (a) Axial unenhanced CT scan demonstrates a left
temporo-occipital hematoma with intraventricular hemorrhage. (b) Axial T2-
weighted MR image shows multiple flow void vascular structures along the
cortical sulci of both occipital regions. There is white matter edema with T2
hyperintensity in the left occipital lobe, with evidence of a resolving hematoma.
No nidus can be identified. (c) Left internal maxillary angiogram reveals a dural
AVF in the left transverse sinus supplied by branches of the left middle meningeal
artery. Note the associated thrombosis of the proximal and distal parts of the
transverse sinus, creating an “isolated pouch” and thereby causing reflux from the
shunt into the cortical veins.
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Hinh 10: AVF mang cting Borden type 2 ¢ phu nit 45 tudi bi mat tri giac dot ngot.
(a) Axial CT khdng can quang thay mau tu thai dwong cham trai véi xuat huyét
trong ndo that. (b) Axial T2w cho thay nhiéu ciu trdc fliod voids mach mau doc
theo cac ranh vo ndo cia ving cham hai bén. C6 phu chat trang véi tang tin hiéu
trén T2W ¢ thay cham trai. Khéng thay nidus. (c) Chup dong mach ham trong trai
cho thdy AVF mang cing & xoang ngang trai dugc cap mau baoi dong mach mang
ndo giira trai. Ghi nhan c6 huyét khdi di kém cuia phan gan va phan xa xoang
ngang, tao thanh mat “tai riéng biét” va vi vay gay ra dong nguoc tir shunt vao cac
tinh mach vé néo.
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Moyamoya Disease

Moyamoya (Japanese for “puff of smoke”) disease is an uncommon occlusive
disease of unknown origin that classically involves the supraclinoid internal
carotid arteries with relative sparing of the posterior fossa in the early stages (44).
The term moyamoya syndrome is used in cases in which no underlying cause
(atherosclerosis, Down syndrome, neurofibromatosis, sickle cell disease, or some
other condition) can be identified. There is usually development of extensive tiny
basal perforator collateral vessels (the moyamoya vessels), which have been
described as having a puff-of-smoke appearance at cerebral angiography, and of
transdural collateral vessels. Clinical presentations differ between pediatric and
adult populations: Most children present with transient ischemic attack or cerebral
infarctions (45), whereas approximately one-half of adults present with
intracranial hemorrhage from rupture of the moyamoya collateral vessels (44,46).

Imaging clues at CT and MR imaging include the presence of tiny flow voids,
commonly seen arising from the basal cisterns and extending into the basal ganglia
or the thalamus. There is no true nidus embedded within the brain parenchyma and
no dilated vessels (Fig 11) (47). Although the diagnosis can be suggested by the
presence of bilateral supraclinoid internal carotid artery stenosis at MR
angiography and CT angiography, cerebral angiography remains necessary for
preoperative evaluation for the revascularization of moyamoya disease. The
multitude of secondary collateral pathways (basal moyamoya perforator collateral
vessels, transdural supply from the middle meningeal arteries to the convexity and
through the ophthalmic artery to the anterior cerebral artery branches) can often
be evaluated only with digital subtraction angiography due to their small size (48).
Recent studies have shown that perfusion MR imaging and cerebrovascular
reserve studies may be useful for preoperative triage and postoperative follow-up
after revascularization surgery (49-51).
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Bénh Moyamoya

Bénh moyamoya (tiéng nhat nghia la “khoi thudc 14”) 1a mot bénh ly tac nghén it
gap cb nguon goc khong rd, ve mat kinh dién lién quan véi cac dong mach canh
trong trén mau giuong yén, hd sau tuong dbi binh thuong ¢ giai doan sém. Thuat
ngit hoi chitng moyamoya dugc dung trong cac truong hop khdng thé xac dinh
duoc nguyén nhan gbc (xo vira dongmach, hoi chitng Down, bénh da u soi than
kinh, bénh hdng cau hinh liém hoiac mét s6 bénh khac). Thuong ¢ sy phét sinh
rat nhiéu mach mau bang hé ¢ cac nhanh xuyén ving nén (cdc mach méu
moyamoya), dd dugc mo ta 1a hinh anh khéi thuéc 14 trén hinhchup mach méau néo
va cac mach mau bang hé xuyén mang ciing. Biéu hién 1am sang khac nhau gitra
hai nhom tré em va ngudi 16n: hau hét tré em c6 con thiéu mau thoang qua hoac
nhoi mau no trong khi c6 mot nira s ngudi 16n ¢d xuat huyét ndi so do v cac
mach mau bang hé moyamoya.

Manh méi hinh anh hoc trén CT va MRI gom sy hién dién cua nhiéu tin hiéu flow
voids thuong thay xuat phat tir bé nén va lan vao hach nén hoic doi thi. Khdng cé
nidus thuc sy ndm trong nhu mé ndo va khéng c6 dan mach mau (hinh 11). Mac
dau chan doan c6 thé goi y bang su hién dién cua hep dong mach canh trong trén
méu giwdng yén hai bén trén hinh chup mach CT va MR, nhung chup mach mau
van con can thiét dé danh gia trudc phau thuat cho viéc tai tao mach méu caa bénh
moyamoya. Tap hop cac duong bang hé thu phat (cac mach mau bang hé
moyamoya nhanh xuyén hach nén, cap mau xuyén mang cing tir dong mach mang
ndo giira dén 16i ndo va thong qua dong mach mat dén cac nhanh dong mach nio
trudc) thuong cd thé duoc danh gia chi bang chup DSA do kich thudc nhé. Céc
nghién ctu méi day da chirng minh rang hinh anh MR tuéi mau va cac khao sét
bao tdn mach mau ndo co thé chon lua trude phiu thuat va theo ddi sau phau thuat
sau khi phau thuat tai tao mach mau.
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b.

Figure 11. Moyamoya disease in a 28-year-old woman who had experienced two
episodes of recurrent intracranial hemorrhage. (a) Axial CT scan demonstrates
intraventricular hemorrhage. (b) Axial T2-weighted MR image shows tiny flow
voids within the perimesencephalic cistern and surrounding the midbrain. No
nidus is seen. (c) Anteroposterior left common carotid angiogram reveals
occlusion of the supraclinoid internal carotid artery (solid arrow) with tiny
perforator collateral vessels (arrowheads). Transdural collateral supply from the
middle meningeal artery is also noted (open arrow). (d) Anteroposterior left
vertebral angiogram shows bilateral involvement of the PCAs, which together with
the relative lack of puff-of-smoke collateral vessels suggests a later disease stage.
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C. d.

Hinh 11: Bénh moyamoya & nit 28 tudi trai qua hai dot xuat huyét noi so tai phat.
(a) Axial CT cho thay xuat huyét trong néo that. (b) Axial T2W thay rat nhiéu flow
voids trong bé quanh gian ndo va quanh no gitra. Khong thay nidus. (c) Hinh chup
dong mach canh trong thé trudc sau thdy tic dong mach canh trong trén mau
giuong yén (mii tén dac) véi rat nhiéu mach méau bang hé nhanh xuyén (d¢au mili
tén). Cung ghi nhan ¢ cdp mau bang hé xuyén mang ciing tir dong mach mang
ndo giira (mii tén ho). (d). Chup dong mach cot séng trude sau cho thay co lién
quan cac dong mach ndo sau, cung vai viéc khdng c6 mach mau bang hé hinh khoi
thudc 14 goi ¥ bénh & giai doan sau.
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Assessment and Management of Brain AVMs

Imaging of Brain AVMs: What the Clinician Needs to Know

After the diagnosis of a true brain AVM has been made, certain questions must be
answered that are related to the anticipated risk of neurologic deficits (both
hemorrhagic and nonhemorrhagic) and the anticipated risk associated with
treatment. Among the complications associated with a brain AVM, intracranial
hemorrhage is the most feared. Therefore, many different studies have sought to
determine which factors are associated with a higher risk of future hemorrhage.
The features summarized in Table 1 have been identified as being related to a
higher risk of future hemorrhage and nonhemorrhagic neurologic deficits (52-55),
and as such are important for the clinician to know.

Table 1. Imaging Features Associated with Risk of Future Hemorrhage and
Nonhemorrhagic Neurologic Deficits

Risk of future hemorrhage
Previous hemorrhage

Intranidal aneurysms
Venous stenosis or ectasia (pouches)
Deep venous drainage
Single venous drainage
Deep or posterior fossa locations

Risk of nonhemorrhagic neurologic deficits
High-flow shunt
Venous congestion or outflow obstruction
Long pial course of draining vein
Perifocal or perinidal gliosis
Mass effect or hydrocephalus
Arterial steal
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PANH GIA VA PIEU TRI CAC AVM NAO
Hinh anh AVM nio: cac bac si |am sang can biét diéu gi

Sau khi dua ra chan doan AVM néo thuc su, can phai tra 1oi mot s6 cau hoi lién
quan véi cac nguy co khiém khuyét than kinh biét trudc (ca xuat huyét va khdng
xuat huyét) va cac yéu té bao truée lién quan voi diéu tri. Trong s cc bién ching
lien quan véi AVM ndo xuat huyét noi so 1a dang so nhat. Vi vay, nhiéu nghién
ctru khac nhau da tim cach xac dinh cac yéu té lién quan véi nguy co cao xuat
huyét trong twong lai. Cac dic diém dugc tom tat ¢ bang 1 di xac dinh céac hguy
co lién quan caa xuat huyét va khiém khuyet than kinh trong twong lai, va cac yéu
t6 d6 quan trong ma bac si 1am sang can biét.

Bang 1. Cac dic diém hinh anh lién quan véi nguy co xuat huyét va khiém
khuyét than kinh trong twong lai

Nguy co xuat huyét trong twong lai
e Xuat huyét trudc day
Phinh mach trong nidus
Hep tinh mach hoac dan (tai)
Dan luu tinh mach sau
Dan luu chi mot tinh mach don doc
e Vi tri sdu hoic hé sau
Nguy co khiém khuyét than kinh khong xuat huyét
e Shunt dong chay cao
Xung huyét tinh mach hoic tac dong ra
Puong di caa tinh mach dan lvu mang mém dai
Tang sinh than kinh dém xung quanh 6 hozc quanh nidus
Hiéu ung choan chd hoic ndo Ung thuy
Cudp mau dong mach.
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a.
Figure 12. Spetzler-Martin grade 3 thalamic brain AVM with an intranidal
aneurysm in a 4-year-old girl who presented with recurrent intracranial
hemorrhage. (a) Axial T2-weighted MR image reveals a tangle of abnormal
vessels at the left thalamus, compatible with a nidus. There is a surrounding area
of T2 hyperintensity with a hypointense rim, findings that are suggestive of
previous hemorrhage. Note also the round flow void structure at the posterolateral
aspect of the nidus, possibly representing an intranidal aneurysm. (b) Lateral left
vertebral angiogram demonstrates supply to the brain AVM nidus from the
thalamoperforator vessels and left posterior choroidal arteries. Note the early
filling of a small intranidal aneurysm (arrow).
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b.
Hinh 12: AVM dbi thi Spetzler-Martin ¢6 3 ¢6 phinh mach trong nidus & bé gai 4
tudi xuat huyét noi so tai di tai lai. (a) Axial T2W thidy mot dam mach mau bat
thuong & doi thi trai, trong ung voi nidus. C6 ving xung quanh tang tin hiéu trén
T2W vai vién tin hiéu thap, dau hiéu goi y xuat huyét trude dy. Ciing ghi nhan
cau tric flow void tron ¢ phia sau bén cua nidus, kha nang 1a mot phinh mach
trong nidus. (b) Hinh chup dong mach cot séng trai nghiéng cho thay cap mau dén
nidus AVM tir cac mach mau xuyén doi thi va dong mach mach mac sau tréi. Ghi
nhan lap day thudc can quang sém caa mot phinh mach nho trong nidus (mili tén).
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In a patient with a brain AVM who presents with acute bleeding, the most
important finding that must be urgently communicated to the attending clinician
(apart from life-threatening findings such as midline shift or herniation) is the
presence of intranidal aneurysms or venous pouches (Figs 3, 12), due to the higher
risk of early recurrent hemorrhage.

Because previous hemorrhage is the most important and consistent predictor of
future hemorrhage, in the setting of an incidentally discovered brain AVM, one
must first distinguish brain AVMs that have bled from those that have not bled,
which in most instances is possible with a review of clinical history. Gradient-echo
T2-weighted sequences, which are highly sensitive for the depiction of signs of
old hemorrhage, may help identify those exceedingly rare asymptomatic patients
with a subclinical hemorrhage.

Teaching Point: In addition, specific angioarchitectural weak points must be
included in an imaging report (56-58), since they may increase the risk of future
hemorrhage. Intranidal aneurysms, venous ectasias (59), venous stenosis (57),
deep venous drainage, single venous drainage, and posterior fossa locations all
constitute angioarchitectural weak points.

Advanced age and male gender (60) may also increase the risk of hemorrhage.
Although this principle has not been proved with randomized prospective trials,
we have used it in our practice for over 20 years and have been able to show an
improved outcome at follow-up compared with natural history (61).

However, treatment may be indicated in AVMs that have not bled and do not
demonstrate angioarchitectural points of weakness. Among these, a high-flow
shunt can lead to psychomotor developmental retardation and cardiac
insufficiency in childhood and, when present in older patients, can lead to
dementia and therefore indicate treatment (62), which is aimed at reducing the
arteriovenous shunt volume. Venous congestion due to high input (fistulous
lesions) (Fig 13) or reduced outflow (secondary stenosis of the outflow pattern)
can be associated with cognitive decline or epilepsy; therefore, treatment aimed at
reducing the arteriovenous shunt volume is merited (63). Even if signs of venous
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O cac bénh nhan AVM ndo ¢ chay mau cap, dau hiéu quan trong nhat can lién
lac khan véi bac si 1am sang (ngoai cac dau hiéu de doa tinh mang nhu day duong
gitra hoac thoat vi) la sy hién dién cua phinh mach trong nidus hoéc tai tinh mach
(hinh 3, 12) do nguy co cao xuat huyét tai phat som.

Vi xuét huyét trude day 1a yéu td du béo chac chan va quan trong nhat cua xuét
huyét trong tuong lai, trong truong hop AVM néo dugc phat hién tinh ¢, truéc
hét can phai phan biét AVM ndo c6 chay mau véi AVM ndo khdng chay méau, ma
trong hau hét cac trudng hop c6 thé xem lai bénh sir 1am sang. Chudi xung GRE
T2W nhay cao trong viéc mé ta cac dau hiéu xuat huyét cii, co thé gitp nhan ra
duoc xuat huyét dugi 1am sang & nhitng bénh nhan khdng c6 triéu chimg nhung
cuc ky hiém.

Piém lwu y: Ngoai ra, cau phai dua vao trong két qua doc cac diém yéu vé cau
trdc mach dic hiéu, vi ching c6 thé lam ting nguy co xuat huyét trong twong lai.
Phinh mach trong nidus, tai dan tinh mach, hep tinh mach, dan luu tinh mach séu,
chi dan luu mét tinh mach va vi tri hd sau hop thanh cac diém yéu cau tric mach.

Tudi cao va phai nam ciing c6 thé lam ting nguy co xuét huyét. Mic du nguyén
tac nay khong duoc chirng minh trong cac nghién ctu tién ciu ngau nhién, ching
t6i da sir dung nd trén thuc té 1am sang trong 20 nim qua va c6 thé da cho thay két
qua cai thién trén nhitng trudng hop theo ddi so véi dién tién tu nhién.

Tuy nhién, diéu tri c6 thé duoc chi dinh trong AVM khong chay mau va khong
cho thay cac diém yéu cau tric mach. Trong sé d6, shunt dong chay cao c6 thé dan
dén cham phat trién tam than van dong va suy tim & tré em, khi hién dién ¢ nguoi
I6n c6 thé dan dén sa st tri tué va vi vay cé chi dinh diéu tri voi muc dich 1am
giam thé tich shunt dong tinh mach. Xung huyét tinh mach do dong vao cao (ton
thuong do) (hinh 13) hodc giam dong ra (hep thir phat cua dang dong ra ) c6 thé
lién quan vai suy giam nhan thic hodac dong kinh; vi vay, diéu tri hudng dén viec
lam giam thé tich shunt dong tinh mach 1a can thiét. Ngay ca néu khdng cé cac dau
hiéu xung huyét tinh mach, duong di tinh mach dan luu mang mém dai c6 thé chi
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congestion are not present, a long pial course of the draining vein may indicate
that venous drainage restriction is present over a large area, increasing the risk of
venous congestion and subsequent epilepsy. Conversely, a short vein that drains
almost directly into a dural sinus is unlikely to interfere with normal brain
drainage. If a patient with this kind of angioarchitecture also has epilepsy, MR
images should be scrutinized for signs of perinidal gliosis. In the former case (an
epileptic patient harboring an AVM with a long pial draining vein), endovascular
treatment is warranted to reduce interference with normal brain drainage and is
likely to reduce seizure frequency or severity; in the latter case (epilepsy following
perinidal gliosis), endovascular therapies are unlikely to change seizure frequency
or severity. Mass effect is a rare patho-mechanism that may result from large
venous ectasias or the compression of critical structures by the nidus proper and
may lead to epilepsy, neurologic deficits, and even hydrocephalus (20). Arterial
steal has been associated with clinical findings (eg, migraine and focal neurologic
symptoms) that are most often transitory in nature (64). With the advent of new
Imaging modalities such as functional MR imaging and perfusion-weighted MR
Imaging, it is now possible to determine whether a patient's symptoms can be
attributed to a true steal that can be treated by endovascular means with the aim of
reducing the shunt volume if the symptoms are disabling.
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ra rang han ché dan luu tinh mach hién dién qua mot vang 16n, lam tang nguy co
xung huyét tinh mach va dan dén dong kinh. Nguoc lai, tinh mach ngan hau nhu
lubn ludn dan luu truc tiép vao xoang mang cing cd 18 khdng anh huong dén dan
Iru ndo binh thuong. Néu bénh nhan ¢é loai cau tric mach nay ma ciing c6 dong
kinh, thi hinh anh MRI can phai xem xét dén ting sinh than kinh dém xung quanh
nidus. Trong trudng hop dau (bénh nhan dong kinh c6 AVM véi tinh mach dan
lru mang mém dai), viéc diéu tri ndi mach bao dam dé 1am giam sy can tré dan
lru ndo binh thudng va co 1& dé 1am giam tan sé hodc d6 nang dong kinh; trong
truong hop sau (d6ng kinh sau khi c6 ting sinh than kinh dém quanh nidus), diéu
tri ndi mach co I8 khong lam thay d6i tan sé va do nang cua dong kinh. Hiéu &ng
choan chd 14 mot co ché bénh hoc hiém gap, c6 thé do dan cac tinh mach 16n hoic
chén ép céc cau trdc quan trong bai nidus va co thé dan dén dong kinh, khiém
khuyét than kinh va tham chi ndo ung thity. Cudp méau dong mach lién quan véi
cac dau hiéu 1am sang (chang han, migraine va cac triéu ching than kinh khu tra),
thuong chi o tinh chat thoang qua. Vi sy dat duoc cua cac phuong phap hinh
anh méi nhu MRI chtrc ning va hinh anh tudi mau, hién nay co thé xac dinh duoc
cac triéu chung cd thé dugc cho 1a do cudp mau thuc su hay khong, diéu d6 c6 thé
duoc diéu tri bang noi mach véi muc tiéu 1am giam thé tich shunt néu triéu chang
khong giam.
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a. b.

Figure 10. Pial AVF with venous pouches and venous congestion in a 7-year-old
boy who presented with headaches. The patient had a family history of nosebleeds
and mucosal telangiectasias suggestive of hereditary hemorrhagic telangiectasia.
(a, b) Axial T2- weighted MR image (a) and coronal CT angiogram (b) reveal
large, dilated vascular structures in the right perisylvian region suggestive of
venous pouches, with enlargement of the right MCA relative to the left side (arrow
in b) and no identifiable nidus, findings that are compatible with a pial AVF. The
hyperintense T2 signal of the white matter at the right frontal lobe (arrow in a) is
suggestive of venous congestion. (c) Lateral right internal carotid angiogram
reveals a high-flow fistula between an MCA branch and large venous pouches.
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C.

Hinh 13: AVF mang mém c6 céc tai tinh mach va xung huyét tinh mach & bé trai
7 tudi bi dau dau. Bénh nhan c6 bénh st gia dinh chay mau miii va gidn mao mach
& niém mac goi ¥ ddn mao mach xuat huyét di truyén. (a, b) Axial T2W (a) va
chup mach Coronal CT (b) thay c4u tric mach mau dén, 16n trong ving quanh
rdnh sylvien hai goi y ti tinh mach kém Ién dong mach néo gitra phai so vai bén
trai (mili tén & b) va khdng thay nidus, cac dau higu phi hop véi AVF mang mem.
Tang tin hiéu trén T2W & chét trang thay tran phai (mii tén ¢ @) goi y xung huyét
tinh mach. (c) Hinh chup dong mach canh trong thé nghiéng thay do dong chay
cao gitra nhanh dong mach néo gitra va cac tai tinh mach lon.
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Treatment Options

Apart from conservative management, there are three treatment options for brain
AVMs: surgery, endovascular embolization, or radiosurgery. Each modality has
its own strengths and limitations, and a multimodality approach is most commonly
used (12,65). There are certain imaging and clinical features that are important in
determining the safest and most effective treatment modality. Surgery can provide
a rapid cure in suitable cases; however, the complication rate depends largely on
the Spetzler-Martin grade: The higher (or lower) the grade, the higher (or lower)
the complication rate. Therefore, patients with smaller and cortical-based brain
AVMs are likely to benefit most from surgical resection (Fig 14) (66,67).
Endovascular embolization is another treatment option that can be used to quickly
eliminate angiographic risk factors. There are no real contraindications for
endovascular therapy; however, the cure rate with embolization alone is relatively
low (~10%—-20%), except in high-flow pial AVFs or small lesions (68—70). Table
2 summarizes those angioarchitectural features that may be less amenable to
endovascular management and radiosurgery. Radiosurgery has a high cure rate
with relatively low complication rates. However, its major limitation is that
radiation is slow to take effect; it may be up to 2 years before any shrinkage of the
brain AVM is seen. Therefore, radiosurgery may not be well suited for the
treatment of brain AVMs with angiographic risk factors for future hemorrhage.
Lesions with a volume greater than 12 mL are associated with lower cure rates and
higher complication rates. Because of the radiation effects, radiosurgery must be
used with caution in pediatric patients (12,71). Conservative management is
typically used when the risk posed by treatment is too high, such as in large brain
AVMs or in asymptomatic patients who are believed to have a low risk of future
hemorrhage. In cases of large brain AVMs that involve one or more of the
aforementioned risk factors, partial targeted embolization has been shown to be
beneficial in preventing future hemorrhage (7,58,61).
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Cheon Iya diéu tri

Ngoai viéc xir tri bao ton, c6 ba chon lya diéu tri cho AVM ndo: phau thuat, thuyén
tac noi mach va xa phau. Mdi phuong phap c6 do6 manh va gigi han riéng va tiép
can da mod thirc thuong duoc sir dung nhat. Co mét s dic diém hinh anh va 1am
sang quan trong trong viéc quyét dinh phuong phap diéu tri hiéu qua nhat va an
toan nhat. Phau thuat cé thé chira khoi nhanh trong céac truong hop thich hop; tuy
nhién, ti 1& bién ching phu thudc phan 16n vao do Spetzler- Martin: d6 cang cao
(hozc thap) thi ti 1& bién chang cang cao (hodc thap). Vi vay, cac bénh nhan cé
AVM ndo nho hon c6 I8 tét nhat 1a phau thuét cat bo (hinh14). Thuyén tic noi
mach 1a mot lua chon diéu tri khac c6 thé dung dé loai bé nhanh céc yéu to nguy
co trén chup mach méau. Khong c6 chéng chi dinh thuc sy cho diéu tri ndi mach;
tuy nhién, ti 1& chita khoi chi voi thuyén tic mach don doc twong déi thap (~ 10-
20%), ngoai trir AVF mang mém dong chay cao hoic cac tén thuong nhé. Bang 2
tm tat cac dic diém cau trdc mach mau nay co thé it tuan tha cho diéu tri noi
mach va xa phau. Xa phau c6 ti Ié chira lanh cao véi ti & bién chimg twong ddi
thap. Tuy nhién, gici han chu yéu cia né la xa cham c6 tac dung, 6 the dén 2 nam
trudc Khi thay AVM co lai. Vi vay, xa phau khong thich hop lim dé diéu tri AVM
n&o c6 cac yéu td nguy co trén chup mach ddi véi xuat huyét trong tuong lai. Cac
t6n thuwong c6 thé tich trén 12ml lién quan véi ti 1é chira lanh thap hon va ti 1& bién
chting cao hon. Vi hiéu tng tia Xa, Xa phau can phai luu y khi sir dung & tré em.
Diéu tri bao ton thuong duoc dung khi nguy co do diéu tri qua cao, nhu cac AVM
ndo 1on hoac & cac bénh nhan khéng co triéu chitng ma tin chac 1a c6 nguy co xuat
huyét thap. Trong truong hop AVM néo 16n lién quan véi mot hozc nhiéu hon céac
yéu t6 nguy co da dé cap trén, viéc thuyén tac mach mot phan huéng dén muc tiéu
da dugc chitng minh 1 ¢6 ich trong viéc ngan nglra Xuat huyét trong tuong lai.
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a.

Spetzler-Martin grade 1 temporal brain AVM in a 15-year-old boy who presented
with sudden onset of headaches followed by seizures. (a) Axial CT scan reveals a
small hyperattenuating lesion in the right temporal lobe, compatible with a small
intraparenchymal hematoma. (b) Lateral right internal carotid angiogram
demonstrates a small (<3-cm) brain AVM supplied mainly by the temporal
branches of the right MCA, with superficial drainage into the right vein of Labbe.
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b.

Hinh 14: AVM néo thai duong Spetzler- Martin grade 1 ¢ bé trai 15 tudi co da
dau dot ngot sau do6 dong kinh. (a) Axial CT thay tén thuong ting dam d6 nho ¢
thuy thai dwong phai, pht hgp véi mau tu trong nhu mod nhé. (b) Chup dong mach
canh trong phai thé nghiéng thiy mot SVM nho (<3cm) duoc cAp mau chu yéu boi
nhéanh thai duong ctia ddong mach n&o giira phai, vai dan luu ndng vao tinh mach
Labbe phai.
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Table 2. Angioarchitectural Features with Associated Risks at Endovascular Treatment or Radiosurgery for Brain AVMSs
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Angioarchitectural Feature

Associated Risks at
Endovascular Treatment Associated Risks at Radiosurgery

Arterial
Flow-related aneurysm

Indirect arterial feeder vessels

(en passage type)
Multiple small feeding arteries

Nidal
Multiple compartments
Size larger than 12 mL
Venous
Venous stenosis

Other
Young patient age

Risk factors for future
hemorrhage (see Table 1)

Higher risk of intraprocedural
hemorrhage
Short security margin for reflux

Small chance of complete cure

Smaller chance of cure

Smaller chance of cure

Higher risk of complications if
embolic agent migrates

Increased chance of secondary
malignancy

Possible hemorrhage while radia-
tion takes effect
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Bang 2. Cac dic diém cau tric mach méu véi cac nguy co lién quan trén diéu tri noi mach hoic xa phau ddi véi AVM ndo
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Pic diém cdu tric mach mau

Nguy co lién quan trén diéu tri ndi mach

Nguy co lién quan trén xa phiu

bong mach
Phinh mach lién quan dong chay
DPong mach nudi gian tiép
Nhiéu d¢ong mach nuéi nho
Nidus
Nhiéu khoang
Kich thuéc 16n hon 12ml
Tinh mach

Hep tinh mach

Khac
Tudi bénh nhan tré

Cac yéu t6 nguy co chay mau (xem
Bang 1)

Nguy co xuat huyét trong thu thuat cao hon
Gidi han an toan ngan cho dong nguoc

Co hoi chira lanh hoan toan nho

Co hoi chira lanh nho

Nguy co bién chtng cao hon néu tac nhan
thuyén tac di trd

Co hoi chira lanh nho

Nguy co éc tinh thtr phat tang

C6 thé xuat huyét trong khi tia xa c6
tac dung
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Summary

We have described the classic imaging features of brain AVMs, as well as vascular
brain lesions that can mimic brain AVMs. Because the natural history and
treatment options differ among these mimics, it is crucial that the radiologist be
able to differentiate them from a typical brain AVM. In addition, we have
discussed the most important questions to be answered when a radiologist
encounters a brain AVM, including whether risk factors for future hemorrhage or
nonhemorrhagic deficits are present. We have also described imaging features that
can help predict the risks associated with each treatment option, thereby helping
clinicians make decisions regarding the management of these lesions.
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TOM LAl

Chung t6i da néu 1én cac diac diém hinh anh hoc cia AVM kinh dién ciing nhu cac
t6n thuong mach mau c6 thé gibng AVM. Vi bénh sir tu nhién va céc lua chon
diéu tri khac nhau theo cac kiéu giéng nhau nay, diéu quan trong 1a cac bac si X
quang phai phan biét duoc ching véi cac AVM ndo dién hinh. Ngoai ra, ching toi
cling ban luan dén cac cau hoi quan trong nhat dé tra 101 dugc khi bac si X quang
gap AVM ndo, gdbm c6 hay khdng c6 cac yéu t nguy co xuat huyét hoac cac khiém
khyét than kinh khong xuét huyét. Chung toi ciing néu 1én cac diac diém hinh anh
c6 thé gilip du bao cac nguy co lién quan voi mdi lya chon diéu tri, vi vay gilp
béc si 1am sang dua ra quyét dinh diéu tri cho cac ton thuong nay.
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