J Neurosurg 72:798-805, 1990

Arteriovenous malformation and glioma: coexistent or
sequential?

Case report
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v A 9-year-old girl was evaluated for behavioral changes and seizures. Initial computerized tomography and
cerebral angiography revealed a left cerebral vascular mass, diagnosed as an arteriovenous malformation. An
embolization procedure was attempted but was terminated before completion because the patient developed a
right hemiparesis. Her right-sided neurological deficit subsequently increased with enlargement of the mass
lesion. On follow-up cerebral angiography approximately 2 years later the vascular malformation was no
longer demonstrated. Biopsy of the mass lesion revealed it to be an anaplastic astrocytoma. This case is
reported with a review of the literature on the coexistence of a brain tumor and a vascular malformation, the
difficulties in diagnosis, and possible etiologies.
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brain tumor with abnormal vasculature from

an arteriovenous malformation (AVM) of the
brain. This report describes a 9-year-old girl in whom a
left cerebral mass lesion, initially diagnosed and treated
as an AVM, was subsequently proved from biopsy
examination to be an astrocytoma. This case raises
several questions as to the possible etiology: that is, the
coexistence of two separate lesions, the evolution of
one lesion into the other, a single “multipotential”
lesion, or misdiagnosis.

RARELY is there confusion in differentiating a

Case Report

This 9-year-old Caucasian girl started to tire easily
and her face occasionally became “beet red” beginning
in September, 1983. In November, 1983, she developed
a seizure. A lumbar puncture showed clear colorless
cerebrospinal fluid (CSF). A computerized tomography
(CT) brain scan on November 15, 1983, showed a
contrast-enhancing lesion in the left centrosylvian re-
gion, with draining veins into the vein of Galen and
straight sinus (Fig. 1). There was a large low-density
area in the left middle fossa consistent with CSF, be-
lieved to be a dilated trapped temporal horn of the left

798

lateral ventricle. There was a slight midline shift from
left to right. Bilateral cerebral and left vertebral angi-
ography (Fig. 2) performed on November 16 revealed
vascular malformation with some mass effect in the left
centrosylvian region, being fed primarily by the left
anterior choroidal artery, left lenticulostriate branches
of the insular loops of the left middle cerebral artery,
left medial and lateral choroidal artery, branches of the
left posterior cerebral artery, and (to a lesser extent)
the left thalmoperforating artery. Primary drainage was
into the vein of Galen and straight sinus. This constel-
lation of findings was considered compatible with an
AVM of the left cerebrum. Anticonvulsant medication
was initiated.

In January, 1984, follow-up CT revealed a slightly
increased left-to-right shift of the midline, but the
appearance was otherwise essentially similar to the
changes seen in November, 1983. The patient was
referred for embolization of the AVM. The procedure
was terminated when, during two test balloon infla-
tions, she developed a right hemiparesis.

In June, 1984, a right visual field defect was demon-
strated. In July, repeat CT without contrast enhance-
ment showed enlargement of the left cerebral lesion,
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Fi1G. 1. Computerized tomography scan with contrast en-
hancement obtained on November 15, 1983. A contrast-
enhancing lesion is seen in the left cerebrum. There is a mild
left-to-right midline shift.

increased left-to-right shift, and ventricular enlarge-
ment. The patient’s right hemiparesis increased. There
was no hemiatrophy. The patient was referred for fol-
low-up examination and, on December 12, 1984, repeat
cerebral and posterior fossa angiography revealed a
decrease in the vascular component of the mass lesion,
occlusion of some feeding vessels, and an increase in
the left temporal mass effect. At this time the possibil-
ity that the mass lesion was an evolving primary brain
tumor was considered. The patient underwent a left ven-
triculoperitoneal shunt procedure with placement of
the ventricular end of the shunt system into the fluid-

F1G. 3. Left carotid angiogram, lateral view arterial phase,
obtained on September 10, 1985. The previously seen arteri-
ovenous malformation is not visualized on this or on vertebral
angiography.

filled cavity considered to be a trapped temporal horn
of the left lateral ventricle. The fluid was xanthrochro-
mic, and cytological examination of the fluid spec-
imen revealed no evidence of abnormal cells. After
shunt placement, the patient’s neurological status tran-
siently improved. A follow-up CT scan showed decom-
pression of the fluid-filled cavity in the left temporal
lobe and decreased midline shift without a change in

FiG. 2. Left carotid angiogram, lateral view (left), and left vertebral angiogram, lateral view (right), obtained
on November 16, 1983. An arteriovenous malformation is evident in the left cerebrum.
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the left cerebral mass lesion; however, serial follow-up
CT scans demonstrated progressive enlargement of the
left cerebral mass lesion.

In August, 1985, it had become apparent to the par-
ents that the patient’s condition was deteriorating, pri-
marily manifested by withdrawal from activities and
apathetic mood. By September, her speech had become
more hesitant and on occasion she would stop speaking
in the middle of a sentence. Left carotid and left ver-
tebral angiography on September 10 showed hypovas-
cularity of the mass. The previously demonstrated ab-
normal vascular pattern was not present (Fig. 3). A
post-angiography CT scan delineated the left cerebral
mass lesion (Fig. 4).

Fi1G. 4. Computerized tomography scan obtained after left
carotid and vertebral angiography showing a tumor of the left
cerebrum.

4 & % L= i U i >3 ¢ ' 3 2 .
FiG. 5. Photomicrographs of the tumor. H & E, X 82. Left: Typical tumor field showing hypercellularity
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On September 12, 1985, the patient underwent a left
temporal craniotomy with subtotal resection of the
mass. Multiple fine vessels traversed the tumor, but no
AVM was seen within the operative field. Histological
examination disclosed foci of mild to moderate astro-
cytic proliferation, irregular dilated sinusoidal vascular
channels, and an increased number of small arterioles
and veins. Parenchyma adjacent to blood vessels was
sparsely cellular with abundant Rosenthal fibers and
hemosiderin pigment. Other areas had astrocytic prolif-
eration and pleomorphism (Fig. 5).

Six months later (in March, 1986) the patient under-
went a second subtotal resection when her condition
acutely deteriorated following a probable seizure. A CT
scan at that time evidenced further enlargement of the
tumor. The histological diagnosis was increased cellu-
larity, nuclear pleomorphism, and vascular prolifera-
tion consistent with anaplastic astrocytoma.

Discussion
Review of Literature

Coexistence of a vascular malformation and an in-
tracerebral brain tumor is an infrequent occurrence.
Review of the literature discloses 13 previously reported
cases (Table 1). In 1958, White, ef al.,” in their review
of intracranial vascular tumors found at necropsy, in-
cluded a patient with a left temporal lobe cavernous
hemangioma and an astrocytoma of the septum pellu-
cidum. Fine, et al.,* in 1960 described a 15-year-old
boy with a right parietal AVM and an intraventricular
oligodendroglioma. They believed that the coexistence
of the two lesions in the same patient was fortuitous.
In 1966, Welcher and Seidel'® described a patient with
two discrete lesions in the same hemisphere: an AVM

and pleomorphic nuclei. Right: Abnormal cluster of vessels within the tumor, possibly representing residua

of prior vascular malformation.

800

J. Neurosurg. / Volume 72 / May, 1990



AVM and glioma at same cerebral site

QU TESIIYIP OUS dwreg |
‘UOHPULIOJPW SNOUSAOLIILE = WA Y ‘AIaIe [RIGaaA = 1aa (AydesSowo; pazuaindwiod = J7) ‘SNOUISAED = ARD {RULIOUQE = Uge
‘wesdodue = oBue ‘weifonouiuoa = weida feyuowey prouydeIRqns = HVS Jenuonbas = bog ‘snosuplnuns = 1§ PIUIqWOD = q)) ‘jeedss = dog Jowin] = [ ‘UONBULIONRW = W .

JIS JWiES SSBW PAMOUS 0 0661
1D ‘pareaddestp sote] ‘Afjen PIPY 2An ‘ordue 1IsA Terodurajolou ‘18
-1u1 ‘o13ue £q pasouderp WAV - ewolkoonse ousejdeur -erado ur usss WAV OU 4+ P SpuoIed — SIKZ  A°%6 bag ‘qO edyy=L®W ‘uDjpooD
AJpeo [exoduiay ) = L
-ydesgorper pasousep WAY - BWOISL[qO1[E A ¢ ¢ 4 A 4°09 gdog  [ENI00 N = W
BWOdIESONS Jowny, 4 1D‘oldue | sow (¢ 1bag [eoued Y = 1, 9861 “1v
- ewordue ewordue - 1D ‘oi8ue sow ¢ W ‘pp ‘g JpUR[OI M = /2 ‘E1B0r]
uroy 9861 1
WAV AV [eoto0 feroued 11 1D ‘o8ue S1A [eluoy U = J, 13 ‘ager]
WAY 10U ‘HYS pasnes Jown) - ewongoIpuapodo own] WOy [BJUCH U+  LdA % proied  + ) W'sy 1§ ‘dag feleued W=  -ZOUILEA
X300 [BID S[ass3A "uqge
-[j1adns ‘ewordue ‘X0LI00 % ‘51543 ‘ofeyqurowioy 1581} s14 feuoy $861 “/0
SUOTS3] JUIISIXA0D - ul BwroljBoipuopodijo  “WNIO[Rd Yilm ONSSY UQR 4 U M 1D — @) WSt 1S9 U=1%N 72 )
SIA ¢ Joye eI onsepd vInp
SSBUI [BNPISAT JO 9218 ul afueyd -09u oydrowos]d Yyum 03 JUIdYPE (ISAD UMOI] 1D ‘o8 sow Tendinoo-o1od
Ou Y1Im “UOTI03SAI [R10INS - SSEW IR[NOSBA PAYIO[BD  YIIM ONSSI) JYOS ‘paljiofed 4 -UR ‘pUoled . — (RIS ‘Gl 1) WU =1%N
10 .
RWIOTSUBLUAY $B 911§ JkS vworBoIp onssy snouneped 3 ysnoy ‘ueos ureIq Lbag [ewoyy 861 1P
ul 1a1e] s1£ ¢ pareadde sowmny - -uspogijo % rwoSurwAY PRIO0OSIp [RIUOLy ) - ‘ordue pnored  — sIKg W ‘I1 ‘qD N=1%WN 2199081
UOTRULIOJ[EW
JenoseA o1 asuodsar ur sadueyd BUIOIAD 1840 o138 [erodwsy  GL61 70 12
reys snseidosu A1epuooas - -0l1SE JUBUSI[EW % INAY OIfeyLioway yis Jown)  + -ue proIed ) - sowr ¢ W ‘0§ ) N=1%N ‘ofpieoonz
WAV OU l1own) [enpsos Jeas dojsod :3ims pug
own) 9 WAY SSETI SWIEs Ul Bwoys anssy o3 ferodway SL61 ‘P
3q Aeul 103jJ0 ssew1 ¥ HVS - -0Ipudposio B WAV S]9SS3A ‘Uqe W IA0 4 -Ue puciEd U + sowg LI 159D U=1L%WN 20010
Jowny i WAV [euoy U = |
15338ns Aew AjL1R[NOSEA JOW JNAV TR01dAY,  spessaa [eaSutuow “uqe oBue ‘safuruaty 1L61 50
-1} [eNSNUN 2 S[3sSIA "Uqe F[ QD) - BwIOIAd0N5R SSBW “JYUI [BIUOY X 4 ‘pnoredieng -~ SIK8Y W LI 1§ ‘dog [uoy U = 12 ‘IPuyey
SONS MBI
‘araydstwioy awres ‘Asdoine 1e Jwordue,, 9961 ‘1PPWS
PRIIA0SIP BWIOIAO0MISE ATR]LIqY + SNOUAAOUIDLIE L L L L 4 i 1§ ‘deg (=L  BIDYPPM
$961
Suots Bwo) wreIda ‘ordue ‘uewBury
-3 Jo amxruwely Jo podar 1811y + -SRIQOIBUBWAY % NAY SIWLISA JO WAY  + Meampuored +  SKK¢[ N6l [INNe] (=1®W % Joukey
ewol8oipuopodyo  SpoUIURA 11 ‘ONSSH ‘uqe o1due pnoed TUSABIIUL =} 0961
UOTIBIDOSSE SNOYNLIOY,, - auou poidue eoyradns 4+ lepq ‘werds - sowr g W61 1§ “dag ‘Eeuedu =W ‘R euyg
2WOIpUAS onousd |, feroduwsy 3 ‘ewordueway wnydos = 1 8561 “p
‘Bun] % A7 seworduruIoy ‘AL + *ARd winjdas-emwio3£301388 wndss jo rouwrny  § 1A - P Sy 1§ 'dog  TerOdwd} i = W 2 ‘aNUM
199 uon X0§
A8oroyedosst $501 Apny V! . SUOISy ]
S suoQq 1Y 'H D SSe pmg HYS g (s16) o8y 40 douw uoneoo Teax
Asdomy readd swoqiny
sgutpur [eot8ing Aydeadorpey SaINJes [eOIUID) v

wAOUINY UIDAQ [DAQILSIDIIUL PUD UOUDULIOJIDUL IDINISDA BULISIXIOD JO SISV PatiodaL ] Jo Lapuauing
[ 41dVL

801

J. Neurosurg. / Volume 72 / May, 1990



and an astrocytoma. The brain tumor, discovered at
necropsy, had not been suspected during life. They
considered their report of coexisting lesions to be the
first, apparently unaware of the reports of Fine, et al.,
or White, ef al. In 1965, Raynor and Kingman'* re-
ported a patient with a hemangioblastoma and a vas-
cular malformation occurring as one lesion. These au-
thors credit themselves with presenting the first case of
two intermixed lesions within the same mass, as well as
the demonstration of an increase in size and vascular-
ity of the lesion. In 1971, Heffner, ez al.,® reported a pa-
tient whose initial radiographic study suggested “vascu-
lar glioma;” however, surgery disclosed a nonvascular
astrocytoma and a “typical AVM.” Crowell, et al.’
described a patient who presented with subarachnoid
hemorrhage (SAH) and whose angiogram showed an
avascular mass; an oligodendroglioma and AVM were
disclosed at the same site. Zuccarello, et al.,*! reported
the case of a patient with an intermixed AVM and
malignant astrocytoma. They suggested that the asso-
ciation of a tumor and vascular malformation repre-
sented a definite entity and not a coexistence of indi-
vidual lesions. In 1982, Fischer, et al.,® described two
patients with glial neoplasms and cavernous heman-
giomas. In one of these, the lesions were combined and
coexistent; in the other, an oligodendroglioma appar-
ently subsequently grew at the same site as the heman-
gioma. Chee, e al.,' reported a case of coexisting
oligodendroglioma and angioma in which the CT scan
had not shown the angioma. An interesting case is that
of Martinez-Lage, et «/.,'* in which the SAH is believed
to have originated from the intraventricular oligoden-
droglioma rather than the parietal AVM. Licata, et
al.,'' reported two patients with central nervous sys-
tem (CNS) parenchymal tumors and AVM’s; one had
coexistent lesions while the other patient’s tumor ap-
peared subsequently at the site of the former angioma.

Of these 14 cases, including ours, the vast majority
(11 patients) had simultaneous occurrence Or coex-
istence of the two lesions, whereas three apparently
showed subsequent development of a tumor at the same
site as the previously diagnosed vascular malformation
(Table 2). Among the 11 simultaneously occurring le-
sions, six were coexistent but separate within the same
hemisphere,*!'"'*! jpsilateral ventricle,” or septum pel-
lucidum?® and five were coexistent but combined or
intermixed.' In the remaining three patients, tumors
were found at varying periods of time after the initially
diagnosed vascular lesion: 5 years,” 30 months,"' and
22 months (our case).

A separate group of combined or coexistent neural
tumors and vascular malformations is that of peripheral
nervous system neurilemomas and angiomas reviewed
in 1979 by Kasantikul and Netsky.? They described
eight cases of their own in addition to five culled from
the literature and proposed that a common embryol-
ogical origin from ectomesenchyme could explain their
simultaneous occurrence. We have not included this
group in our tabulation, since we are concerned with
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TABLE 2
Summary of sequence and location of lesions

No. of

Authors & Year
Cases

coexistent: separate lesions
(ipsilateral}
White, et al., 1958
Fine, et al., 1960
Welcher & Seidel, 1966
Heffner, et al., 1971
Martinez-Lage, e al., 1986
Licata, er al., 1986
total cases
coexistent: combined within
one lesion (site)
Raynor & Kingman, 1965
Crowell, et al., 1975
Zuccarello, et al., 1979
Fischer, et al., 1982
Chee, et al., 1985
total cases
“subsequent.” one lesion af-
ter the other (same site)
Fischer, ef al., 1982
Licata, et al., 1986
Goodkin, et al., 1990
total cases

[ [ PO —

YD e e

* Tumor in septum.

intracranial CNS parenchymal tumors and associated
vascular lesions.

Other features include an age range at occurrence
from 11 to 25 years in patients with oligodendrogliomas
and vascular malformations, with the only exception
being a 43-year-old man. In cases in which the patient’s
sex was known, the majority were male: all five cases
of oligodendroglioma and four of five cases of astro-
cytoma.

Etiology and Diagnosis

The question raised by the present case report is that
of the possible occurrence of two different CNS lesions,
either simultaneously or sequentially within the same
patient, or the existence throughout the clinical course
of only one lesion. Difficulties encountered in patho-
logical and radiological interpretations can thwart a
clear resolution of the issue. The gross and histological
features of brain tumors (gliomas) and vascular malfor-
mations have many similarities. In 1937, Ténnis'® first
described arteriovenous shunting and abnormal blood
vessels observed at surgery for a glioblastoma multi-
forme. Since then, other vascular changes within ma-
lignant gliomas have been well described'® and in-
clude: increased small blood vessels, mainly capillaries,
excessively convoluted masses of capillaries (“glomer-
uloids™); sinusoidal channels; and prominent endothe-
lial and adventitial proliferation affecting all sizes of ves-
sels. Tortuous ectatic vessels, aneurysmal dilations, and
arteriovenous anastomoses with early draining veins
as well as thrombosed vessels in varying stages of organ-
ization and recanalization may be seen in both tumors

J. Neurosurg. / Volume 72 / May, 1990
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TABLE 3
Radiographic diagnoses in 12 cases*

Ventricu-

A - i . Angi hi CT Scan
Nert A Cmaa e e Remars
Findings
Fine, ¢t al., — — intraventricular  rt AVM; hydrocephalus; — angio. missed tumor,
1960 mass no mass seen ventriculogram
missed AVM
Raynor & — _ posterior fossa  carotid & vertebral art — studies did not diag-
Kingman, midline mass studies, initially normal nose vascular mal-
1965 formation
Heftner, er eroded sella low rt frontal — carotid arts indicated rt —_ initial angio. diag-
al., 1971 depressed rt abnormality frontal mass with ab- nosed “vascular”
orbital plate normal vessels & early glioma; abnormal tu-
venous filling mor vascular pattern
suggested AVM +
tumor
Crowell, ef normal rt temporal rt temporal lobe rt carotid art indicated —_ no suggestion of vas-
al., 1975 abnormality  cystin commu- large, avascular, intra- cular malformation
nication with temporal mass
ventricle
Zuccarello, normal It temporal — It carotid art indicated — angio, did diagnose
etal., 1979 abnormal temporal mass with tor- vascular malforma-
uptake tuous vessels & arterio- tion, but not tumor
venous fistula
Fischer, et It frontal Ca™* It frontal ab- — carotid art study normal It frontal Ca™"; no mass  no suggestion of vas-
al., 1982 normality effect or enhancement cular malformation
rt temporo- — — rt carotid art indicated rt tempo-occipital with no suggestion of vas-
occipital Ca** stretched vessels; no Ca**; hydrocephalus; no  cular malformation
mass pathologic vessels or tu- abnormal enhancement
mor blush
Chee, et al., — — — — rt frontal mass with no suggestion of vas-
1985 Ca**; mass effect; slight cular malformation
enhancement on CT
Martinez- no Ca** — —_ rt carotid art study; rt rt lateral ventricular hy-  angio. missed mass;
Lage, et no intracranial parietal AVM; hydro- perdense mass with faint CT missed vascular
al., 1986 hypertension cephalus; no abnormal enhancement malformation
vascular stain at site; It
carotid & vertebral arts
normal
Licata, et al., — — — rt carotid study: rt ro- no contrast: normal; with angio. & CT initially
1986 landic AVM 2% yIS contrast: parietal angi- correct; angio. cor-
later: rt parietal mass oma; 2% yrs: rt parietal rect, CT incorrect
with abnormal vascular- mass with peripheral en- 2nd time
ity: tumor hancement; diagnosis:
abscess
? ? ? It occipital angioma It temporal glioma angio. missed mass;
CT missed vascular
malformation
Goodkin, et — — — bilat carotid & It verte-  markedly enhancing It initial studies diag-
al., 1990 bral art study: It centro- centrosylvian mass with  nosed AVM; subse-
sylvian AVM draining veins indicating quent studies: disap-
2 yrs later: hypovascular vein of Galen pearance of AVM,
mass without abnormal  increasing size of It cere-  increasing size of hy-
vascularity bral mass povascular mass in
same site
* AVM = arteriovenous malformation; CT = computerized tomography; angio. = angiogram; — = not done. Vascular malformation not

initially diagnosed: a) by angio in five of 11 cases with angiography done; b) by CT in five of seven cases with CT done.
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and vascular malformations. The AVM, particularly,
can exhibit any or all of these features, in addition to
abnormally structured arteries and veins,

Radiographic vascular changes of tumors can overlap
with those of vascular malformations, causing diagnos-
tic confusion. The presence of abnormal afferent and
efferent blood vessels and arteriovenous shunting of
blood, in the absence of mass effect and edema, usually
leads to the radiographic diagnosis of an AVM. Diffi-
culty may arise in differentiating an AVM which was
ruptured with hematoma formation from a tumor with
mass effect. Kumar, er al.,'° reviewed 60 cases of clin-
ically ruptured AVM’s, in which high-resolution CT
demonstrated local or remote mass effect in 33 patients.
There are similarities between the CT scan appearance
of their cases, as illustrated in their Figs. 1 and 3, and
the CT scan findings in our case. Vascular malforma-
tions may simulate tumors, showing high density on
noncontrast CT but not appearing on angiography (so~
called “cryptic” angiomas, now more readily appreci-
ated by a characteristic magnetic resonance (MR) image
appearance). By contrast, a recent report by Rigamonti,
et al.,'” describes a patient with a right frontal venous
malformation diagnosed by angiography, CT, and MR
imaging who 1 year later developed a glioblastoma in
the same site. They suggested that the initial studies did
not exclude the possibility that the venous malforma-
tion represented a rather prominent venous drainage of
the subsequently diagnosed glioblastoma.

Multiple etiologies for the association of vascular
malformations and tumors within the same patient
have been proposed. These include: fortuitous associa-
tion;*'? genetic predisposition;?® a distinct entity, pos-
sibly of viral origin, with biological potential to evolve
along different lines;’ a secondary or reactive neoplas-
tic glial change to a previously existing vascular mal-
formation;*' and the influence of a tumor angiogene-
sis factor.*”'” Another theory was that of Russell and
Rubinstein,'® who rejected the concept of two different
lesions, diagnosing instead either “hypervascularized
tumor or undue glial reaction.” Since concomitant
histopathological sampling and radiographic studies
throughout the duration of these lesions have not been
performed in any of these cases, these proposals remain
speculative.

Of the cases reviewed, a vascular malformation was
not initially diagnosed by angiography in five of 11
cases>>%14 or with CT">!'"'2 (Table 3). In a case cited
by Heftner, er al.® the angiographic pattern of abnor-
mal vasculature associated with a frontal mass was
considered to be a “vascular glioma.” In the two cases
of Fischer, et al.,’ the initial angiograms were normal
in one and showed mass effect but no “pathologic
vessels, early draining veins, or tumor blush” in the
other. In the six cases in which the vascular malforma-
tion was diagnosed by angiography, a separate mass
lesion was suspected in only two: by ventriculogram in
one’ and by CT in the other.””

In the present case, the angiographically abnormal
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vessels, initially felt to represent an AVM, regressed and
disappeared over a period of 22 months. Within the
same period a progressively enlarging hypovascular
mass developed at the same site. Two biopsies with
subtotal resection, obtained 6 months apart, confirmed
a diagnosis of anaplastic astrocytoma without evidence
of a vascular malformation. It is the our contention
that this case represents an AVM in which a malignant
(anaplastic) astrocytoma grew, replacing the AVM.

We realize that this case may just as well represent a
single lesion (anaplastic astrocytoma) in which the vas-
cular pattern initially simulated the angiographic ap-
pearance of an AVM. It is suggested that future research
may include, among other goals, the search for a tumor
angiogenetic factor in resected vascular malformations
in the hope of defining a possible relationship between
the two lesions.
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