
Aneurysms of Spinal Arteries Associated with Intramedullary 
Arteriovenous Malformations. I. Angiographic and Clinical Aspects 

A. Biondi , 1.2 J . J. Merland , 1 J . E . Hodes, 1 J . P. Pruvo, 1 D . Reizine 1 

Purpose: To evaluate the nature of aneurysms of the spinal arteries, their relative frequency, and 

the risks associated with these lesions. Methods: We retrospectively reviewed the spinal angie
graphic studies of 186 patients with spinal cord vascular malformations-70 intramedullary A V Ms, 

44 extra (peri) medullary A V fistulas, and 72 dural A V fistulas. Results: Fifteen spinal artery 
aneurysms (SAs) in 14 out of 70 patients (20%) with an intramedullary AVM were discovered . No 
SAs were observed in the other types of spinal vascular malformations. The intramedullary A V Ms 

with SAs were cervical in seven cases and thoracic in the other seven cases (one of the thoracic 
had two SAs). Fourteen SAs were located on a major feeding vessel to the associated intramedullary 

A V M ( 10 on the anterior spinal artery and four on a posterior spinal artery and only one SA was 
located remote from the A V M feeding vessels. This remote aneurysm was located on the intercostal 

artery feeding a vertebral angioma in a patient with metameric angiomatosis. Subarachnoid 
hemorrhage occurred in all cases of SA. The presence of a SA carried a statistically significant (P 

< .05) increase in the risk of bleeding. Conclusions: Although increased blood flow seems to be 
an important factor in formation of these SAs associated with intramedullary A V Ms, the role of a 

developmental vascular anomaly must be stressed: metameric angiomatosis was found in six out 

of the 14 patients (43%). 

Index terms: Arteriovenous malformations, spinal; Spine, angiography; Aneurysm, arteriovenous; 

Fistula, arteriovenous 
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The term "spinal aneurysm" (arterial aneurysm, 
venous aneurysm, cirsoid aneurysm, arteriove
nous aneurysm) has been imprecisely used to 
describe varied spinal vascular malformations. 
Spinal angiography has facilitated a correct un
derstanding and classification of these lesions. 
Spinal vascular malformations are divided into 
"true" intramedullary arteriovenous malforma
tions (AV Ms), extra (peri) medullary arteriovenous 
(AV) fistulas, and dural AV fistulas (1). In this 

aper we use the term spinal aneurysms (aneu
rysms of the spinal arteries) in a more restrictive 
sense to describe lesions analogous to aneurysms 

Received May 15, 1991 ; accepted and revisions requested August 6; 
1evisions received November 6. 

1 University of Paris VII , Lariboisiere Hospital , Department of Neuro

radiology and Therapeutic Angiography, 2, rue Ambroise Pare, 75010 
Paris, France. 

2 Address reprint requests to Alessandra Biondi, Pitie-Salpetriere Hos

pita l, Department of Neuroradiology, 47 Boulevard de l'hopital, 75013 
Paris, France. 

AJNR 13:9 13-922, May/ June 1992 0195-6 108/ 92/ 1303-091 3 
~:) American Society of Neuroradiology 

913 

of cerebral vessels. Spinal aneurysms (SAs) are 
localized dilatations of arteries feeding the spinal 
cord and, more rarely, of those arteries feeding 
the spine. SAs are rare lesions and, to our knowl
edge, only a few cases have been reported, 
whether isolated (2-13) or associated with spinal 
cord vascular malformations (14-25). 

The concomitant presence of a cerebral A V M 
with an intracranial aneurysm is well known (26-
50) and has a reported frequency of between 
2.7% and 16.7% (28-30, 34, 41, 45, 47). Several 
theories explaining the pathogenesis of associated 
cerebral A V Ms and aneurysms have been pro
posed (28-30, 33-38, 40-42, 45-48). 

The purpose of our study was to report our 
series of SAs and review the published literature 
in order to come to a better understanding of 
these lesions and of their association with spinal 
vascular malformations. In addition , because 
some authors ( 1 7, 19) have reported an increased 
risk of bleeding when an intramedullary A V M is 
associated with a SA, we specifically evaluated 
the incidence of bleeding in patients that harbor 
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TABLE I: Spinal aneurysms associated with intramedullary AVMs 

Case/ Spinal Aneurysm Location 

Sex 
Age SAH AVM Level AVM Feeders Met Ang 

Artery Segment 

1/ M 14 3 C5 1 ASA ASA, (R deep cervical) medullary 

4 PSA 

2/M 20 C5-C7 3ASA A SA, (L deep cervical) radicular 

2 PSA 

3/F 22 2 C6-C7 1 ASA ASA , (L deep cervical) radicular 

2 PSA 

4/F 16 3 C5 1 ASA ASA, (R thyrocervical medullary muscle, 

2 PSA trunk) subcutaneous 
tissue 

5/F 22 C5-C6 2ASA ASA, (R deep cervica l) medullary 

2 PSA 

6/F 12 3 C4-C5 2ASA ASA, (R deep cervical) radicular dura , bone, 

medullary muscle, 
junction R sup limb 

7/ F 35 C7 1 ASA ASA, (R deep cervica l) medullary 

2 PSA 

8/ M 13 2 T7-T8 1 ASA ASA (L T10) medullary bone 

(2 SAs) 1 PSA PSA (L T9) medullary 

9/F 16 T4-T6 2 ASA PSA (L T6) radicular skin 

2 PSA 

10/ M 32 2 T8-T9 3ASA ASA (L T9) radicular 

2 PSA medullary 
junction 

11 / F 18 T9-T10 2ASA ASA (R T9) medullary 

2 PSA 

12/ M 26 T9-T10 2ASA PSA (L Tll) medullary dura, 

2 PSA soft tissue 

13/ M 37 Tll 1 ASA PSA (L L1) radicular 

2 PSA 

14/ M 17 T5-T6 2ASA L T5 Intercostal dura, bone 

1 PSA artery 

Note.-C = cervical ; T = thoracic; M = male; F = fema le; R = right; L = left; Met Ang = metameric angiomatosis. 

this combination of lesions. Criteria for the diag
nosis of SAs, angiographic findings, and patho
physiologic aspects are reported. 

Materials and Methods 

The conventional (nondigital) spinal angiographic stud
ies of 186 patients with spinal cord vascular malformations 
(70 intramedullary A V Ms, 44 extra (peri) medullary A V 
fistulas, and 72 dural AV fistulas) were reviewed. Among 
the 70 intramedullary A V Ms, two groups were identified 
and compared: one group with associated SAs (14 cases), 
and the other group without SAs. 

Angiographic criteria for the diagnosis of SA were the 
following: SAs must be visualized on an arterial vessel 
during the initial arterial phase; selective injections in both 

frontal and lateral views must eliminate dilated vessels or 
vessel coilings mimicking aneurysms. Aneurysmal dilata
tions within the nidus of the intramedullary A V M itself 
(compatible with true aneurysms, pseudoaneurysms, cr 
venous ectasias), aneurysms of the anterior spinal artery 
associated with coarctation of the aorta, and venous 
pouches were excluded. 

Spinal angiography was performed with selective injec
tion of all pedicles. Angiotomography was available in nir e 
of the 14 patients with an associated SA. 

Results 

Clinical and angiographic findings are summc: 
rized in Table 1. Fifteen SAs were identified in 14 
out 70 patients (20%) with an intramedullary 
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Fig. 1. Case 5. Aneurysm of the anterior spinal artery (arrow) 
associated with a cervical intramedullary AV M. Anteroposterior 
view of the right deep cervical artery angiogram. Aneurysm is on 
the medullary segment of the ASA and proximal to the nidus of 
the AVM. 

A V M (Figs. 1-5). SAs were not found in the 44 
cases of extra (peri) medullary A V fistulas or the 
72 cases of dural A V fistulas reviewed. In all 
spinal arteriograms reviewed in our department 
we never observed an isolated SA. There were 
eight males and six females among the patients 
with associated SAs. Mean age of presentation 
was 18.5 years (range 12-37). Subarachnoid 
hemorrhage (SAH) occurred in all cases. Clinical 
onset of symptoms was due to SAH in 12 patients 
and progressive neurologic deficits, preceding 
SAH, in two. Six of the 14 patients (43%) had 
recurrent bleeding episodes before the initiation 
of treatment (cervical four cases, thoracic two 
cases). In two patients, the SAH occurred during 
pregnancy. In the remaining 56 patients with 
isolated intramedullary A V Ms (23 cervical , 33 
thoracic), the mean age of presentation was 21.5 
years (range 6-40). Bleeding occurred in 39/56 
atients (70%) with isolated intramedullary A V Ms 
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(83% of cervical A V Ms, 61 % of thoracic A V Ms) 
while progressive neurologic deficits without 
bleed was noted in 17/56 (30% ). Recurrent bleed
ing occurred in 13/56 (23%) cases (30% of cer
vical AVMs, and 12% of thoracic AVMs). 

Statistical analysis (x 2 test with Yates correc
tion) of the results (SAH in 14/14 of intramedul
lary A V Ms with associated SA and in 39/56 of 
isolated A V Ms) indicates that the existence of a 
spinal aneurysm in a patient with an intramedul
lary A V M carries an increased risk of bleeding ( P 
< .05). 

The intramedullary A V Ms associated with SAs 
were cervical in seven patients and thoracic in 
the other seven patients. All of these A V Ms had 
multiple feeders (from 2 to 5, mean 3.6). Fourteen 
SAs were located on one of the main, high-flow 
feeding vessels of the A V M: 10 on the anterior 
spinal artery (ASA) (seven cervical , three tho
racic), and four on a posterior spinal artery (PSA) 
(all thoracic). SAs were found on both radicular 
(three) and medullary (eight) segments of the 
spinal arteries, and at the radiculo-medullary junc
tion of the ASA (two). In one case, the aneurysm 
was located on a large sulco-commissural artery 
of the ASA. Only one aneurysm was found re
mote to the intramedullary A V M. It arose from 
the intercostal artery (dural radicular spinal artery) 
that fed a vertebral angioma in a patient with 
metameric angiomatosis (Fig. 5). One patient 
(case 8) had two SAs on two feeders to the A V M: 
one on the ASA and the other on a PSA (Fig. 2). 
In a patient (case 11) with an isolated intramed
ullary A V M, serial angiographic studies demon
strated the appearance of a small SA on a sulco
commissural artery of the ASA 2 years after the 
first angiogram (Fig. 4). No intercurrent bleeding 
was observed in this case. The diameter of the 
SAs ranged from 2 to 15 mm. 

Metameric angiomatosis involving all or parts 
of the neighboring structures such as dura, bone, 
muscle, subcutaneous tissue, and/or skin was 
present in six out of 14 ( 43%) patients (two 
cervical , four thoracic A V Ms) (seven out of 15 
(47%) SAs). In one patient (case 6) the metameric 
angiomatosis extended to the right upper limb. In 
one patient (case 12) with metameric angioma
tosis, the parent vessel of the SA was dysplastic . 
In the 56 patients with isolated intramedullary 
AVMs, 18 had metameric angiomatosis (32%) 
(seven cervical, 11 thoracic AV Ms). 
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A 8 c D 
Fig. 2. Case 8. Two SAs associated with a thoracic T7-T8 intramedullary AVM. Anteroposterior (A) and lateral (B) view of left 10th 

intercostal artery angiogram showing aneurysm of the ASA (arrow) . Anteroposterior (C) and lateral (D) view of left ninth intercostal 
artery angiogram show the PSA with a SA (arrow) . 

Discussion 

SAs (aneurysms of the spinal arteries) are lo
calized dilatations of arteries feeding the spinal 
cord and, more rarely, of those arteries feeding 
the spine. SAs are located on the ASA more often 
than on the PSA. They can originate from differ
ent segments of these vessels: radicular, medul
lary, at the radiculo-medullary junction, and from 
a sulco-commissural artery leading to an associ
ated intramedullary A V M. 

In this study, we excluded the SAs of the ASA 
associated with coarctation of the aorta. It is well 
known that in cases of stenosis of the aorta and 
femoral arteries, the ASA and also the internal 
thoracic arteries are important collateral path
ways. In this "hypertrophied spinal artery syn
drome" a SA may arise from the dilated and 
tortuous ASA because of hemodynamic changes 
and degeneration of the elastic fibers of the artery 
(51). Saccular dilatations and venous ectasias 
within the nidus of an intramedullary A V M have 
often been described as SAs (16, 21). An intran
idal dilatation could correspond to a true aneu
rysm or to a pseudoaneurysm (52). The latter 
forms at the site of bleeding as a result of the 
organization of a hematoma in the surrounding 

tissue. These lesions do not correspond to an 
aneurysm of the spinal arteries as we have de
fined. In addition , in some cases of extra (peri) 
medullary A V fistula, (which are defined as a 
direct A V shunt between one or more medullary 
arteries and a perimedullary vein) the venous 
pouch, which is often detected at the site of the 
shunt, has been reported as a SA (15, 18, 19 (in 
Ref. 19, one out of two cases)) (Fig. 6). 

To our knowledge, 12 isolated SAs and 15 SAs 
associated with a spinal vascular malformation 
have been reported. A precise review of the 
literature is difficult because angiographic studies 
had been performed only in five out of the 12 
isolated SAs, and in 11 of the 15 A V M-associated 
SAs. In the remaining cases, diagnosis was base 
on surgical or postmortem findings. 

Isolated SAs are very rare lesions. In the ex
perience of our department, we have never en
countered such a lesion. Their rarity is thought 
to be related to the small caliber of spinal vessel~ 
and the infrequency with which they are affectec 
by atherosclerosis (7). Among the 12 cases (2-
13) reported in the literature, only seven can bf 
considered as true SAs. Five cases should bf 
excluded for the following reasons: in two case:; 
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Fig. 3. Case 9. Aneurysm (arrows) of the radicular portion of a PSA feeding a T4-T6 intramedullary AVM. Anteroposterior view of 

left sixth intercostal artery angiogram early (A) and late phase (B). Lateral projection conventional angiogram (C) and lateral 
angiotomogram (D) confirm the presence of the aneurysm (arrows). 

(2, 8) without angiography, the surgical descrip
tion suggested an extramedullary A V fistula and 
not a SA; in a third case (5), also without angiog
raphy, surgical findings were indicative of a spinal 
A V M; a fourth case (6) was associated with aortic 
coarctation, and a fifth case (9, 12) was reported 
twice by two different authors . Of the remaining 
seven isolated SAs, angiography was performed 
in four cases. Three SAs (3, 7, 1 0) were thoracic 
(two on ASA and one on an anterior radicular 
artery) and four (4, 9, 11, 13) were located in the 
cervical region at the C 1-C2 level (three on the 
ASA and one on a PSA). Bleeding occurred in 
five of these seven patients with an isolated SA. 

Among the fifteen SAs associated with a spinal 
AVM reported in the literature (14-25), seven 
lesions can not be considered as true SAs. In two 
cases (16, 21), the aneurysmal sac was found 
within the spinal A V M itself. In another three 
cases (15, 18, 19 (in Ref. 19, one out of two 
cases)) the illustrations suggest that the lesions 
were extra (peri) medullary A V fistulas and the 
described SA was actually the dilated venous 
pouch at the site of the A V shunt. In two cases 
(20, 23) in which angiography was not performed, 

the pictures of the surgical findings were ambig
uous and did not distinguish between an extra
medullary A V fistula or a SA with a spinal A V M. 
The remaining eight well-documented SAs ( 14, 
17, 19, 22, 24, 25) were associated with an 
intramedullary A V M. The clinical onset was re
flected by SAH in all cases except one. 

In our series of intramedullary A V Ms, an as
sociated SA was present in 20% of the cases. In 
the literature, this coexistence has been reported 
with a lower frequency (between 2.2% and 7.7%) 
(19, 22, 24), but it must be considered that, at 
the time of many of these reports, dural A V fistula 
were not yet defined and extra (peri) medullary 
A V fistulas were often included and mistaken for 
intramedullary A V Ms. In fact, if we consider in 
our series all types of spinal malformations ( 186 
lesions), an associated aneurysm is found in only 
7.5% of the cases, in agreement with the reported 
literature. 

Review of the clinical histories of our series 
revealed no significant age differences at onset 
of symptoms between the 56 patients with iso
lated intramedullary A V Ms and the 14 patients 
with an intramedullary A V M and associated SA. 
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Fig. 4. Case 11 . Anteroposterior (A) and 
lateral (B) view of right ninth intercostal 
artery angiogram. .'\nterior spinal artery 
feeder to the thoracic TB-T9 level intramed
ullary AV M . No aneurysm was detected at 
this time. Anteroposterior (C) and lateral (D) 
projection 2 years after initial angiogram. 
Interval development of a small SA (arrow) 
on a sulco-commissural artery of the ASA. 
No bleeding occurred during interval time. 
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Some authors (38) assert that the risk of the 
development of an A V M-associated cerebral 
aneurysm and the risk of its bleeding increase 
with age. In contrast to the cerebral lesions (38, 
40, 42, 45), we can not confirm this in the spinal 
location. As previously reported (17, 19), the 
incidence of SAH increases in the presence of an 
associated SA. Based on a statistical analysis, we 
conclude that there is a higher frequency of 
bleeding when an A V M is associated with a SA 
than when there is an isolated AVM (P< .05). In 
both cases (intramedullary A V Ms with or without 
an associated SA) SAH is more frequent in cer
vical lesions. In Herdt's 1971 series ( 19) of 50 
patients with spinal vascular malformations, SAH 
occurred in three cases; all three had associated 
SAs. The authors affirm that bleeding was never 
observed in patients who did not have coexistent 
aneurysms. This surprisingly low incidence of 
bleeding compared with our series (53) of intra
medullary A V Ms may be explained by the prob
ability that the 1971 series included different 
types of spinal vascular malformations, including 
the most common, dural A V fistulas, which typ-
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Fig. 5. Case 14. 
A, Aneurysm (arro w) of the dura l rad i

culo-medullary artery, anteroposterior view 
of left fifth intercostal artery angiogram , 
which feeds a vertebral angioma in a case 
of metameric angiomatosis. 

B, Lateral view of right fifth intercosta l 
artery angiogram visualizes both spinal intra
medullary A V M and the associated meta
meric angiomatosis (vertebral angioma). 

ically do not bleed, and were not recognized at 
that time. The source of bleeding is usually un
known and has been studied only in the cerebral 
location . The results in the literature are varied 
(28, 29, 43, 47) and it is impossible to conclude 
whether bleeding originates from the A V M or the 
aneurysm. The published results are in favor of a 
shared responsibility . It has been reported (54) 
that, in the brain, the coexistence of both lesions 
is a poor prognostic factor , associated with a 7% 
risk of hemorrhage per year as compared to 
1.7%/year for patients with AVM alone. In an
other study (52), the association of an aneurysm 
with an A V M was not found to correlate highly 
with hemorrhage, while intranidal aneurysms 
were shown to be statistically significant in the 
history of bleeding. 

The association of an aneurysm with an A V M 
has been studied in the cerebral location (26-50) . 
This coexistence in the brain has been reported 
with an incidence between 2.7 % and 16.7% (28-
30, 34, 39, 41, 45, 47). Three theories have been 
suggested to explain this association in the brain 
(28, 29, 33-35, 37, 42, 46 , 47): 1) hemodynamic 
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Fig. 6. Type II extra (peri) medullary AV 
fistula; no SA seen; anteroposterior view. 
Early (A) and late (B) arterial phase. In the 
literature, the venous ectasia at the site of 
the AV shunt (arrow) is often referred to as 
a SA. 

/ 

A 

factors, 2) a disorder of vascular development, 
and 3) a coincidence. Most authors (28, 33, 34, 
36, 46, 47) support the hypothesis that increased 
blood flow and hemodynamic stresses in the 
feeding vessels to the A V M result in development 
of the aneurysm. Although the hypothesis that 
both lesions are due to the same developmental 
abnormality has been thought unlikely by some 
(40, 48), other authors (37, 45) believe that a 
combination of the first and second theories is 
more plausible. Defective vessel walls may favor 
the development of an aneurysm. Some authors 
(42) report defects in vascular collagen that may 
be essential in the formation of aneurysms in 
early life. Other authors (30) report that the co
existence of these lesions is coincidental and 
without any causal relationship. More recently 
(36, 38), cerebral aneurysms associated with an 
A V M have been classified into intralesional aneu
rysms, aneurysms proximal to the A V M, and 
remote or dysplastic aneurysms. The proximal 
(to the A V M) aneurysms seem to be A V M flow
dependent; they appear on arteries hemody-
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namically related to the AVM (distal locations 
along the vascular pedicle, or proximal location 
along the feeding system to the A V M) and their 
topography is unusual for intracranial aneurysms. 
The remote or dysplastic aneurysms seem to be 
congenital; they develop on arteries remote to 
and hemodynamically unrelated to the A V M and 
they follow the usual distribution pattern of berry 
aneurysms. The dysplastic aneurysms seem to 
be associated with the A V M only coincidentally 
(41). 

In terms of SAs, the three etiologies suggested 
for intracerebral A V M-associated aneurysms can 
be evaluated. Because of the rarity of isolated 
SAs, it is difficult to believe that the association 
of SAs and A V Ms is coincidental. In addition, the 
SAs were located on the feeders of the A V M, 
suggesting the existence of a relationship be
tween these two lesions. We feel that in some 
cases the SAs are flow-dependent and related to 
the associated A V M. In one of our patients (case 
11), the SA was not present on the initial angio
gram. Subsequent studies showed the develop-
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ment of the SA on a sulco-commissural artery of 
the ASA. Similar results have been reported for 
cerebral aneurysms (28) . While the other SAs 
were located on the spinal arteries in the sub
arachnoid space, this SA was the only one on a 
sulco-commissural artery, raising the possibility 
that it could be a pseudoaneurysm. This is 
deemed unlikely because there was no history of 
intercurrent bleeding. Although high flow to the 
A V M seems to be a frequent cause of SAs, the 
high frequency of metameric angiomatosis in our 
series suggests that an underlying disorder of 
vascular development must play a role in some 
cases. The fact that intramedullary A V Ms with a 
SA are found to be associated with metameric 
angiomatosis with only a slightly higher fre
quency than isolated A V Ms (respectively 43% 
and 32%) could suggest that the presence of 
metameric angiomatosis and a SA is coincidental. 
However, we feel that this finding is significant. 
We stress again that almost half of our SAs were 
found in patients with metameric angiomatosis. 
The presence or absence of a SA in metameric 
angiomatosis could be due to a different degree 
of expression of the vascular anomaly, as is seen 
in variable expression in other structures (skin, 
dura, etc). In addition, if we postulate that in
creased flow is the only factor responsible for the 
formation of SAs, it is difficult to explain why our 
SAs are associated only with intramedullary 
A V Ms and why we have never found a SA asso
ciated with other high-flow lesions, such as extra 
(peri) medullary A V fistulas . Further findings that 
suggest a vascular developmental abnormality as 
a contributing factor include the patient with two 
SAs (case 8) and another with a SA on a dys
plastic artery (case 12); both had metameric an
giomatosis. 

In conclusion, we have reported a relatively 
large series of true aneurysms of the spinal arter
ies and have differentiated them from other le
sions often confused in the literature as SAs. 
Patients harboring A V Ms and SAs bleed statisti-
ally more frequently than patients with isolated 

intramedullary A V Ms. Although hemodynamic 
tresses in the feeding vessels to the A V M appear 

a frequent factor in the development of an asso
ciated aneurysm, the contribution of a vascular 
anomaly must be considered. 
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