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De Novo Cerebral Arteriovenous
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OBJECTIVE AND IMPORTANCE: Arteriovenous malformations (AVMs) are
generally thought to have a congenital cause. This is the first report of an
angiographically proven de novo cerebral AVM in;an adult patient with-

out previous vascular abnormality.

CLINICAL PRESENTATION: A 26-year-old African-American woman devel-
oped multiple cranial nerve deficits and ataxia over the course of a few
days after a streptococcal throat infection. T2-weighted magnetic reso-
nance imaging scans revealed a hyperintense signal in the'midbrain with
extension into the diencephalon. A cerebral angiogram performed at that
time to exclude vasculitis revealed normal cerebral vasculature. The
patient was treated with corticosteroids, and symptoms resolved. Subse-
quently, at the age of 32, this patient presented with a severe headache
and emesis, but with no focal neurological deficit.

INTERVENTION: The patient’s cranial computed tomographic and- magnetic
resonance imaging scans revealed a right posterior temporal intraparenchymal
hemorrhage, and cerebral angiography revealed'a new: 3- by 2-cm AVM. The
patient underwent microsurgical resection of the AVM and associated hema-
toma. Postoperative angiography revealed no evidence of residual AVM.

CONCLUSION: This study details the case of-a-woman who-developed a de
novo cerebral AVM during a 6-year period. This report challenges the
conventional belief that all AVMs have a congenital cause.
(Neurosurgery 50:1137-1141, 2002)
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Intracranial arteriovenous malforma-
tions (AVMs), by definition, anatomi-
cally lack a capillary bed but demon-
strate an arterial nidus, distinguishing
them from pure arteriovenous fistulae
(20). AVMs, however, may incorporate
high-flow  arteriovenous  shunting
through one or more direct fistulae. The
annual risk of hemorrhage in cerebral
AVMs is 2 to 4% (31), but it can be as
high as 18% with previous hemorrhage
(19). The accepted congenital cause of
AVMs has been questioned (26, 27). Al-
though it is conceivable that some

AVMs have an underlying developmen-
tal derangement, many correlations sug-
gest that this may not be true for all of
them (17, 21, 27). To our knowledge, this
is the first report of an angiographically
proven de novo intracranial AVM in an
adult patient without previous vascular
abnormality.

CASE REPORT

A 26-year-old  African-American
woman developed intermittent monoc-
ular vision loss and progressive ataxia
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several days after developing a severe
streptococcal throat infection. The pa-
tient used amphetamines chronically for
weight reduction. Two weeks after her
initial presentation, she developed dip-
lopia, ptosis, blurred vision, slurred
speech, and difficulty walking. The pa-
tient was hospitalized with an acute de-
lirium and multifocal neurological defi-
cits. Most of the deficits, except the
ataxia, cleared spontaneously.

When she presented to our institu-
tion, she was alert and oriented. Visual
fields were full, and visual acuity was
20/20 bilaterally. Results of the fundus-
copic examination were unremarkable.
There was left beating nystagmus in the
primary gaze position; however, ex-
traocular movements were full. All
other cranial nerves were intact. There
was a left pronator drift with 4/5
strength on her right side. Occasional
myoclonic jerks were noted. A sensory
examination revealed nothing abnor-
mal. The patient displayed mild evi-
dence of limb dysmetria and severe gait
ataxia. T2-weighted magnetic resonance
imaging scans revealed a hyperintense
signal in the midbrain (Fig. 1A) that ex-
tended to the diencephalon and left
temporal lobe; however, no evidence of
hemorrhage or of right temporal cortical
or subcortical lesions was observed (Fig.
1B).

Analysis of cerebrospinal fluid ob-
tained via lumbar puncture revealed a
pressure of 14.5 cm H,O with a glucose
level of 53 mg/dl, protein level of 45
mg/dl, 38 nucleated cells/mm?® (13%
granulocytes and 78% lymphocytes),
and 88 red blood cells/mm?® Gram’s
stain and other infectious disease assays
disclosed nothing abnormal. Weak oli-
goclonal bands were detected. A three-
vessel cerebral angiogram revealed nor-
mal cerebral vasculature (Fig. 2, A and
B). A brain positron emission tomo-
graphic scan revealed hypometabolism
in the brainstem and diencephalon sug-
gestive of an inflammatory or demyeli-
nating lesion. The patient was treated
with methylprednisolone (1.0 g/d) for 5
days, then tapered via orally adminis-
tered corticosteroids. Over the course of
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several weeks, the majority of her symp-
toms resolved, and thereafter, she re-
mained neurologically well.

Six years later, at the age of 32, the
patient presented to the emergency
room with what she characterized as the

worst headache of her life; it was asso-
ciated with nausea and vomiting. No
associated focal neurological deficit was
present.

The patient’s cranial computed tomo-
graphic and subsequent magnetic reso-
nance imaging scans (Fig. 3) revealed a
right posterior temporal intraparenchy-
mal hemorrhage. Cerebral angiography
revealed a new 3- by 2-cm right poste-
rior temporal AVM fed exclusively by
the right middle cerebral artery; its pri-
mary drainage was via the vein of Labbé
(Fig. 4, A and B). There was no evidence
of deep venous drainage. The patient
was taken to the operating room, where
she underwent a right temporal craniot-
omy. Three-dimensional image guid-
ance was used to localize the AVM,
which did not present directly to the
pial surface. The AVM was resected via
standard microsurgical techniques.
Postoperative angiograms revealed no
residual AVM (Fig. 5, A and B), and the
patient displayed no postoperative neu-
rological deficits.

FIGURE 1. Axial
T2-weighted magnetic
resonance imaging scans,
obtained at the initial
presentation of the
patient, demonstrating
hyperintense signal in the
brainstem and diencepha-
lon (A). There is no evi-
dence of a right posterior
temporal vascular lesion

(B).

FIGURE 2. Lateral (A)
and anteroposterior (B)
cerebral angiograms of
the right carotid artery,
obtained at the initial
presentation of the
patient, revealing no evi-
dence of vasculitis, aneu-
rysm, or vascular
malformation.

DISCUSSION

To our knowledge, this is the first
report of an angiographically proven'de
novo intracranial ’AVM in' an adult pa-
tient who did not have a previous neu-
rovascular “abnormality. It challenges
the widespread, belief that'all AVMs
have-a congenital ‘cause. Traditionally,
AVMsare thought to arise between
Weeks 4 and 8 of embryonic life (8). The
primary pathological lesion consists of
direct connections between arterial in-
flow and venous outflow without an
intervening capillary bed. These malfor-
mations are most common in the distri-
bution of the middle cerebral artery (8).

Unlike other congenital vascular mal-
formations, such as vein of Galen mal-
formations (3, 33), no cerebral AVMs
have been detected in utero (27). This
challenges the idea that all AVMs may
arise from embryonic aberrations at the
stage of vessel formation (23). Further-
more, no evidence exists to support the
belief that AVMs arise during the late
fetal period or immediate postpartum
life (21, 27).

It is clear that not all vascular malfor-
mations have a congenital cause. Dural
AVMs are acquired after sinus thrombo-
sis (2, 10, 13, 16, 22) or spontaneously
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FIGURE 3. Axial magnetic resonance
imaging scan of the brain, obtained
approximately 6 years after the initial
presentation, demonstrating a new right
posterior temporal intraparenchymal
hemorrhage.

(32). The senior author (MJA) previ-
ously described a de novo cerebral cav-
ernous malformation that developed af-
ter radiation for a pituitary tumor (1).
Likewise, de novo cavernous malforma-
tions of the spinal cord have been re-
ported after spinal axis radiation (18).

The literature involving de novo cere-
bral AVMs is more sparse. Schmit et al.
(26) reported an angiographically
proven acquired cerebral AVM in a
child with moyamoya disease occurring
after cerebral infarction. Rodriguez-
Arias et al. (24) reported recurrence of a
cerebral AVM in a child in a different
location after radiosurgery. More re-
cently, local venous hypertension asso-
ciated with a dural arteriovenous fistula
was reported to be associated with a de
novo cerebellar AVM (6).

An interesting associated question is
whether AVMs with angiographically
verified complete resection recur, or
whether an undiagnosed residual AVM
exists. Some reports have noted angio-
graphic complete resection of cerebral
AVMs with subsequent recurrence, par-
ticularly in children (7, 15). This calls
into question whether a milieu of local
cytokines promotes AVM development
or growth.

Growing support argues that spinal
AVMs can arise after trauma, inflamma-
tion, infection, or various compressive
lesions (11). These processes stimulate
angiogenesis (5). Potent angiogenic fac-
tors that are abundant in ischemic brain



FIGURE 4. Lateral (A) and
anteroposterior (B) cere-
bral angiograms of the
right internal carotid
artery, obtained at the time
of the second presentation,
revealing a new AVM fed
by the middle cerebral
artery with superficial
venous drainage.

FIGURE 5. Postoperative
(A) lateral and anteroposte-
rior (B) cerebral angio-
grams of the right internal
carotid artery revealing no
residual AVM.

regions are vascular endothelial growth
factor and basic fibroblast growth factor
(4, 28). It has been proposed: 'that over-
stimulated angiogenesis may-lead.to.the
development of AVMs (26, 28).

Our understanding of the genetics,
pathogenesis, and evolution of AVMs is
just beginning to develop. Germ-line
mutations with or without environmen-
tal factors affecting common angiogenic
pathways may underlie the pathophys-
iology of intracranial AVMs. Promising
candidate proteins range from the endo-
thelial angiopoietin receptor Tie-2 (9,
30), transforming growth factor B8 (12),
nitric oxide synthase (14), vascular en-
dothelial growth factor (28, 29), and fi-
broblast growth factor (25).

Sure et al. (28) have demonstrated im-
munohistochemical staining for prolif-
erating cell nuclear antigen, MIB-1, vas-
cular endothelial growth factor, and its
receptor FLK-1 in the endothelium of
AVMs. This implies neoangiogenesis
and endothelial proliferation. Further-
more, increased neoangiogenesis has
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been -observed . in_ partially- treated
AVMs (29). The relative role of the en-
vironment in the development.of these
lesions is not-known, .but; as in the.pa-
tient we describe here, environmental
factors may play a significant role in
their development.

Whatever the initial mechanism, the
increasing hemodynamic stress in the
affected vessels may cause further vas-
cular remodeling and secondary vascu-
lar changes. This may lead to AVM mat-
uration. Understanding the underlying
cause of AVMs may provide critical in-

sights into  potential therapeutic
management.
CONCLUSIONS

The pathogenesis of cerebral AVMs is
not fully understood, but the accepted
congenital cause of these lesions has re-
cently been questioned. To our knowl-
edge, this is the first demonstration of
an angiographically proven de novo ce-
rebral AVM in a patient angiographi-
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cally documented not to have a previ-
ous cerebrovascular abnormality. It
provides further evidence that not all
cerebral AVMs have a congenital cause.
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COMMENTS

Bulsara et al. describe an interesting
case that seems to demonstrate de novo
formation of a cerebral arteriovenous
malformation (AVM). Over the years,
numerous examples have been set forth
to demonstrate de novo formation of a
variety of different types of vascular
malformations; This is an interesting
topic.because such cases potentially pro-
vide insight into, the. pathogenesis..of
these-various-lesions: I-found-the angio-
grams presented as Figure 4 to be most
interesting. The anteroposterior view in
particular demonstrates the loose and
delicate nidal pattern that I typically as-
sociate with AVMs in children. It seems
that the classic adult AVM generally has
a much more dense or compact nidus.
This distinction between childhood and
adult AVMs has been made by many
clinicians over the years, and I would
currently characterize it as part of the
conventional wisdom regarding AVMs.
Significantly, the current example bears
a strong resemblance to what we might
consider a juvenile AVM, although here,
it appears in an adult. Given this obser-
vation, I am particularly disappointed
that we have so little information re-
garding the intraoperative appearance
of the AVM—and in particular, we are
provided no information regarding
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the histological examination of the
malformation.

I must question the assertion of
Bulsara et al. that the original angio-
gram is completely normal. If one looks
closely at their Figure 4A, observing the
lateral projection that demonstrates the
malformation and then mentally super-
imposing the malformation onto their
Figure 2A, the initial lateral projection,
one can observe a faint silhouette of the
lesion on the original study. I can ob-
serve no such faint silhouette on the
anteroposterior projections. I suspect
that this is because the malformation is
essentially tubular. The lesion is so faint
on the original films that only when
viewing it down its long axis can one
appreciate the faint blush.

If the lesion was present 6 years ear-
lier but was simply extremely faint on
radiographic scans, what does this
mean? I suspect that all AVMs undergo
remodeling over the years. Although
numerous stimuli for such remodeling
probably exist, I would suspect that he-
modynamic forces are dominant, and
among these, I would conjecture that
shear force at the level of the endothelial
wall is the most critical. It seems reason-
able to think that this type of dynamic
remodeling over time is what turns the
delicate, loose juvenile AVM into a
more dense, compact AVM in adults. It
is..conceivable that some early lesions
move.in.the opposite direction and ac-
tually regress over time. Obviously, this
remodeling does not occur by magic; it
is most likely the result of local release
of angiogenic factors. A fundamental
question is whether such a dynamic re-
modeling process can occur within a to-
tally normal vascular bed, or whether
some congenital abnormality of the in-
frastructure must be present to promote
such remodeling. I submit that, in the
current case, we have angiographic ev-
idence, although subtle, that an abnor-
mality did exist before the patient’s pre-
sentation at age 32.

Robert E. Breeze
Denver, Colorado

In this fascinating case report, Bulsara
et al. describe a case of de novo formation
of a small right temporal AVM in a
woman who had had a documented ce-



rebral angiogram that displayed nothing
abnormal 6 years earlier. This finding ob-
viously challenges the prevalent existing
theories that pial AVMs arise from an ab-
normality in embryological cerebrovascu-
lar development, and it raises the possi-
bility that at least some pial AVMs arise
later in life, perhaps as a consequence of
environmental or genetic factors in a
manner analogous to dural AVMs or cav-
ernous hemangiomas.

Robert Replogle
Duke S. Samson
Dallas, Texas

Bulsara et al. provide excellent detail
and analysis in a novel observation. This
patient clearly experienced an episode of
meningoencephalitis, which fortunately
was investigated angiographically. Six
years later, she bled from a de novo AVM.
If one studies the original arteriogram
carefully, on the lateral projection at the
precise site that the new AVM developed,
one sees a slight increase in vascularity.
There is certainly no shunting, but in ret-
rospect, there is possibly an apparent an-
giographic abnormality. The authors” dis-
cussion and review of the literature are
insightful and provocative. I am aware of
two children in my own practice whose
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postoperative angiograms revealed noth-
ing abnormal but who bled several years
later from a new AVM. In both of these
cases, the new AVM was in the general
area of the original lesion. Nevertheless,
the potential for focal hyperangiogenesis
driven by any number of potential mech-
anisms could conceivably create AVMs in
adults. I suspect that this case report will
prompt all neurosurgeons to follow their
posttreatment AVM patients a little more
carefully.

H. Hunt Batjer
Chicago, Illinois

This seminal case report will likely be
cited for years to come. Although de
novo genesis of cavernous malforma-
tions and dural AVMs has been well
documented,, there has been no equally
convincing decumentation in a.cerebral
AVM. Yet the progression of these le-
sions and-occasional spontaneous reso-
lution have been reported, suggesting
dynamic angiogenesis within these le-
sions. Recurrence of AVMs after docu-
mented and verified 'excision has also
been reported. With this careful case re-
port by Bulsara et al., we now have con-
vincing evidence of de novo genesis of a
typical cerebral AVM.in an adult patient
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who did not harbor such a lesion a few
years earlier.

The appearance of the cerebral AVM
in this patient is characteristic of a dif-
fuse, lacy nidus, reminiscent of AVMs in
children. Perhaps the AVM nidus be-
comes more compact as it matures and
as progressive ischemia and gliosis re-
place the brain tissue intervening be-
tween the vascular channels. Because
this lesion was not embolized preoper-
atively, it would be helpful to examine it
histologically in some detail, in compar-
ison to the more conventional AVM ab-
normality. Also, the resolution of the
various imaging modalities does not
preclude the possibility of a preexisting
occult vascular anomaly, which then
evolved into full-blown AVM. The like-
lihood of activated angiogenesis in asso-
ciation with the patient’s previous ill-
ness leads to other speculations
regarding contributing factors that may
have triggered this unusual event. As a
result of this case report and other care-
fully documented observations, new hy-
potheses will be formulated regarding
the pathogenesis of cerebral AVMs.

Issam A. Awad
Denver, Colorado
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