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Summary 

Three of 16 patients with vertebral artery 
(V A) aneurysms treated by parent artery occlu
sion suffered ischemic complications. 

The cause of the ischemic complications was 
brain stem or upper cervical spinal cord infarc
tion due to occlusion of the anterior spinal 
artery (ASA), posterior spinal artery (PSA) and 
perforating arteries arising from the VA. Angio
graphic detection of ASA and PSA was studied 
in 71 consecutive patients (142 VAs) with vari
ous diseases who underwent digital subtraction 
angiography. The ASA and PSA originated 
from the bilateral VAs in 14% and 9%, unilater
al VA in 73% and 35%, and were not detected in 
13% and 56%, respectively. 

These results indicate that the rate of angio
graphic detection of the ASA originating from 
the bilateral VAs is considerably lower than that 
of previously reported anatomical studies. Spe
cial attention must be paid to the A SA, PSA and 
perforating arteries on preoperative vertebral 
angiography to prevent ischemic complications 
associated with therapeutic parent artery occlu
sion for VA aneurysms. 

Introduction 

Parent artery occlusion using intravascular 
techniques is a common treatment of vertebral 
artery (V A) aneurysms that are difficult to 
treat by neck clipping or intra-aneurysmal coil 
embolisation. Care is usually taken to preserve 
the posterior inferior cerebellar artery (PICA), 
because occlusion of PICA can lead to infarc
tion of the cerebellum or medulla oblongata. 
However, ischemic complications sometimes 
occur due to occlusion of the anterior spinal 
artery (ASA), posterior spinal artery (PSA) 
and perforating arteries arising from the V A. 
Preservation of these small arteries usually re
ceives little attention. Anatomical studies have 
shown that the ASA originates from the bilat
eral VAs in 73-84 % of all specimens 1-3 . Howev
er, the rate of angiographic detection of ASA is 
unknown. 

We experienced three patients with ischemic 
complications due to the occlusion of such 
small arteries among 16 patients treated by 
parent artery occlusion for VA aneurysm. The 
present study retrospectively reviews and com
pares the pre- and postoperative angiographic 
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Table 1 Case presentations 

/ 

Case Age (year) I Sex Initial symptoms Type of aneurysm Classification of aneurysm 

1 47/F incidental saccular no PICA 

2 62/F headache dissecting proximal to PICA 

3 60/M incidental saccular distal to PICA 

4 32 1 F SAH dissecting PICA involved 

5 50/M infarction dissecting no PICA 

6 65/M SAH dissecting proximal to PICA 

7 54 IF SAH dissecting proximal to PICA 

8 42/M infarction dissecting proximal to PICA 

9 76/M incidental fusiform distal to PICA 

10 55/M SAH dissecting proximal to PICA 

11 611 M mass effect fusiform distal to PICA 
(partially thrombosed) 

12 42/M SAH dissecting distal to PICA 

13 68/M incidental fusiform distal to PICA 

14 54/M infarction dissecting no PICA 

15 47/M SAH dissecting no PICA 

16 53/M SAH dissecting no PICA 

SAH = subarachnoid haemorrhage; PICA ", posterior inferior cerebellar artery 

'-

features of these patients. The rate of angio
graphic detection of the ASA and PSA in a se
ries of 71 consecutive patients (142 VAs) was 
also studied. Based on our results, we discuss 
how to prevent ischemic complications associ
ated with therapeutic parent artery occlusion. 

Clinical Materials and Methods 

Sixteen patients with VA aneurysms, 11 men 
and five women aged from 32 to 76 years 
(mean 54.2 years), 11 with dissecting aneurysm, 
three with fusiform aneurysm and two with sac
cular aneurysm, were treated by parent artery 
occlusion using endovascular procedures. The 
VA aneurysms were classified according to the 
relationship between the aneurysm and the ori
gin of the PICA into four types: "proximal to 

PICA," "distal to PICA," "PICA involved" and 
"no PICA" (table1). 

The sites of parent artery occlusion were 
proximal to the aneurysm in the proximal to 
PICA type (five patients) and no PICA type 
(five patients), and between the PICA and the 
aneurysm in the distal to PICA type (five pa
tients). Occlusion was first performed proximal 
to the aneurysm in the PICA involved type 
(one patient). However, follow-up angiography 
showed enlargement of the aneurysm. There
fore, second occlusion was performed distal to 
the aneurysm via the contralateral VA. The ip
silateral PICA was supplied by an anastomosis 
with the contralateral PICA. 

In the early cases of the series, the parent 
artery was occluded using only balloons (Gold 
valve balloon: Ingenor, Paris, France). In the re-
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Figure 1 (Case 11) A 61-year-old man with a "distal to pos
terior inferior cerebellar artery (PICA)" type fusiform 
aneurysm presenting with mass effect. A) Right vertebral 
angiogram showing a fusiform aneurysm located distal to 
the PICA. B) Left vertebral angiogram after embolisation of 
both the parent artery and the aneurysm showing the ante
rior spinal artery (ASA) originating from the vertebral 
artery (VA) stump. C) Seven hours after embolisation, left 
hemiparesis and right lower limb paresis appeared. Left ver
tebral angiogram demonstrating thrombosis of the VA 
stump and the ASA. D, E) Magnetic resonance (MR) image 
showing infarction in the lateral part of medulla oblongata 
and the anterior part of Cl level of spinal cord. 

cent cases of the series, the parent artery with 
or without the aneurysm was occluded using 
detachable coils (Interlocking detachable coil: 
IDC, Guglielmi detachable coil: GDC, and 
fibered platinum coil: VORTX, Boston Scien-

Interventional Neuroradiology 6: 299-309, 2000 

tific, Natick, MA, USA). The pre- and postop
erative digital subtraction angiography (DSA) 
images of the ASA, PSA and perforating arter
ies arising from the VA were reviewed in all 16 
patients treated by parent artery occlusion. The 
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angiographic features of the three patients with 
ischemic complications were compared with 
those of 13 patients without ischemic complica
tions. 

In a separate study, the rates of angiographic 
detection of the ASA and PSA were assessed 
in 71 consecutive patients (142 VAs) with vari
ous diseases who underwent DSA. DSA im
ages in right and left anterior oblique views 
were taken in many cases in addition to routine 
anteroposterior and lateral views. We reviewed 
the DSA images using both the developed 
films and the serial images on a television mon
itor, because the spinal arteries may be detect
ed on only a few images of serial images in 
some cases. 

Results 

The outcomes of the treatments and the an
giographic findings of the ASA and PSA in pa
tients treated by parent artery occlusion are 
shown in table2. Complete obliteration of the 
aneurysms was confirmed by follow-up angiog
raphy performed within one week in all pa
tients. The VA stumps were also thrombosed 
except in one patient in whom a relatively large 
artery originated from the VA stump (case 9). 

One of five patients with distal to PICA type 
aneurysms suffered ischemic complications 
(case 11). This patient with a partially throm
bosed VA aneurysm was treated by proximal 
parent artery occlusion including the aneurysm 
using GDCs. Seven hours after the procedure, 
left hemiparesis and right lower limb paresis 
appeared, although intra- and postoperative 
systemic heparinization was induced. Emer
gent left vertebral angiography revealed 
thrombosis of the V A stump and the ASA 
which arose only from the ipsilateral V A. Mag
netic resonance (MR) imaging showed infarc
tion in the lateral part of the medulla oblonga
ta and anterior part of upper cervical spinal 
cord (figure 1). Despite medical treatment, the 
respiratory disorder progressed and he died 
seven days later. Another patient with the 
ASA originating only from the affected VA did 
not experience ischemic complications because 
the ASA was supplied through an anastomosis 
with the radiculomedullary artery (case 3). The 
other three patients without ischemic compli
cation had ASAs arising only from the con
tralateral V A. 

Two of five patients with proximal to PICA 
type aneurysms suffered ischemic complica
tions (cases 8, 10). One patient with a dissecting 
aneurysm presented with slight right hemi
numbness and facial nerve paresis due to brain 
stem infarction (case 8). Immediately after 
proximal parent artery occlusion, right hemihy
pesthesia and hemiataxia occurred. MR imag
ing showed infarction in the posterolateral part 
of the lower medulla and Cl level of the spinal 
cord. Preoperative DSA had shown fine arter
ies supposed to be the PSA arising from the oc
cluded segment of the VA (figure 2). The symp
toms gradually improved after rehabilitation, 
but mild disability persisted. Another patient 
with a dissecting aneurysm presented with sub
arachnoid haemorrhage (case 10). Immediately 
after proximal parent artery occlusion, right he
mi-numbness, hypesthesia, hypoglossal nerve 
paresis and truncal ataxia emerged. MR imag
ing showed infarction in the posterolateral part 
of the junction of the medulla oblongata and 
spinal cord. However, neither the perforating 
arteries nor the PSA was visible in the throm
bosed segment of the VA (figure 3). The other 
three patients without ischemic complication 
had no visible perforating arteries or PSA lo
cated in the thrombosed segment of V A. 

No ischemic complication occurred in the 
five patients with no PICA type aneurysm and 
the one patient with PICA involved type 
aneurysm. The ASA originated only from the 
thrombosed segment of VA in one patient 
(case 14). However, the ASA was supplied by 
an anastomosis with the radiculomedullary ar
teries after embolisation. Neither the ASA nor 
the PSA was visible in the thrombosed segment 
of the VA in the other five patients. 

Angiography detected the ASA and PSA 
originating from the bilateral VAs in 14% and 
9% of the 71 cases, the unilateral VA in 73% 
and 35 % of cases, and did not detect these ves
sels in 13% and 56% of cases, respectively. 

Discussion 

Angiographic and anatomic characteristics 
of the ASA, PSA and perforating arteries 

The ASA is formed by the union of paired 
anterior ventral spinal arteries originating from 
the V A near the origin of basilar artery and 
forms anastomoses with the anterior branches 
of the radicular arteries 2,4,5. According to 
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Figure 2 

anatomical studies, the ASA originates bilater
ally in 73-84% of all specimens 1-3. However, our 
angiographic study found bilateral origins of 
the ASA in only 14 % of cases. The main reason 
for this discrepancy is that the caliber of the an
terior ventral spinal artery varies greatly. If the 
anterior ventral spinal artery is hypoplastic on 
one side, the blood flow is much less than on 
the other side. Such a hypoplastic artery would 
not be detected by DSA. 

Angiographic visualization of the PSA was 
difficult in the past 5, but this is now possible 
through advances in the resolution of DSA. 
There are no data concerning the rate of angio
graphic detection of PSA. We visualized the 
PSA in over 40% of cases. This rate is higher 
than expected. Based on anatomical studies, 
the PSA arises from the intracranial or ex
tracranial portion of the VA or from the PICA 
and often anastomoses with branches of the PI
CA or posterior branches of the radicular ar
teries 2,4. 

Detection of the perforating arteries arising 
from the VA was difficult even by high resolu
tion DSA. Anatomical studies indicate that the 

""" 

perforating arteries arising from the V A supply 
the anterior and lateral parts of the medulla 
oblongata 6. These arteries have rich anasto
moses with the perforating arteries from the 
VA, basilar artery, PICA, and anterior inferior 
cere bellar artery J. 

Prevention of ischemic complications 
associated with therapeutic VA occlusion 

Parent artery occlusion for VA aneurysms 
will result in thrombosis of the stagnant VA 
stump unless large arteries are present in this 
segment. Therefore, we must pay careful atten
tion to the small arteries originating from the 
VA stump as well as from the occluded seg
ment of the VA. These small arteries are the 
ASA in cases of the "distal to PICA" type (fig
ure 4A), the PSA in cases of the "proximal to 
PICA" type (figure 4B), and both the ASA and 
PSA in cases of the "no PICA" (figure 4C) or 
"PICA involved" type VA aneurysms (figure 
4D). 

The ASA, PSA and perforating arteries form 
various anastomoses, and these are the anatom-
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Figure 2 (Case 8) A 42-year-old man with a "proximal to PICA" type dissecting aneurysm presenting with brain stem in
farction. A) Right vertebral angiogram showing a "proximal to PICA" type dissecting aneurysm. Note the small arteries (ar
rows), supposed to be the posterior spinal artery (PSA) or perforating arteries, arising from the proximal VA. Arrowhead in
dicates the ipsilateral PICA. B) Left vertebral angiogram after parent artery occlusion showing preservation of the PICA and 
disappearance of the small arteries. Immediately after the procedure, right hemihypesthesia and hemiataxia occurred. C, D) 
MR images on admission showing a small infarction in the right posterolateral part of the medulla oblongata. e, f) MR im
ages performed one day after the embolisation showing enlargement of the lesion of the medulla and a new infarction at the 
Cl level of the spinal cord (white arrows). 

ical basis for the safety of therapeutic parent 
artery occlusion. In our study, two (cases 3, 14) 
of the three patients (cases 3, 11, 14) in whom 
the ASA originated only from the affected side 
of the VA did not experience ischemic compli
cations because of the collateral flow from the 
radiculomedullary arteries. However, parent 

artery occlusion can cause brain stem or cervi
cal spinal cord infarction if the collateral flow 
is insufficient. The ascending branch of the 
PSA supplies the restiform body and the 
gracile and cuneate tubercles, and the descend
ing branch supplies the posterior part of the 
cervical spinal cord 2. The symptoms of occlu-
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sion of the PSA are mainly deep sensory dis
turbance and truncal ataxia. The ASA supplies 
the pyramids, the medial lemniscus, the intero
livery bundle, the posterior longitudinal fasci
culus and the anterolateral part of the cervical 

Figure 3 (Case 10) A 55-year-old man with a "proximal to 
PICA" type dissecting aneurysm presenting with subarach
noid haemorrhage. A) Right vertebral angiogram showing a 
"proximal to PICA" type dissecting aneurysm. Note that 
neither the perforating arteries nor PSA are shown in the 
proximal VA B) Left vertebral angiogram after embolisa
tion showing the right PICA supplied via the contralateral 
VA, After the procedure, right hemi-numbness, hypesthesia, 
truncal ataxia and right hypoglossal nerve paresis emerged. 
C) MR image on the next day showing an infarction in the 
posterolateral part of the junction of the medulla oblongata 
and spinal cord. 

spinal cord 2. ASA occlusion can cause cata
strophic symptoms such as tetraparesis or res
piratory disturbance as in our case 11. There
fore, if the ASA originates only from the side 
of the affected VA, we must be cautious in de-

B 
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Figure 4 Schematic drawings of the occluded segment (area colored black) and the VA stump supposed to be thrombosed 
(area of oblique lines) in four types of VA aneurysms. A) "distal to PICA" type. B) "proximal to PICA" type. C) "no PICA" 
type. D) "PICA involved" type. 

termining the indications for parent artery oc
clusion, even though prevention of re-rupture 
has the first priority in the treatment of rup
tured aneurysms. 

Two mechanisms of occlusion of the arteries 

arising from the VA are proposed: direct oblit
eration of the orifice of the arteries by embolic 
materials, and gradual occlusion caused by 
thrombosis of the stagnant VA stump. Direct 
obliteration can be prevented by embolisation 
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of a shorter segment of the V A. We embolize 
the parent artery including the aneurysm, and 
use fibered coils, which have a high thrombo
genicity, together with GDCs or IDCs. Gradual 
occlusion may be prevented by intra- and post
operative systemic h~parinization. 

The occurrence of ischemic complication as
sociated with parent artery occlusion is difficult 
to predict. The balloon occlusion test can pre
dict haemodynamic ischemia, but cannot pre
dict ischemia due to occlusion of the ASA, PSA 
and perforating arteries due to late thrombosis 
of the stump of the parent artery. Therefore, we 
believe that careful observation of preopera
tive angiography is most important. 

Conclusions 

We emphasize the need for great care in de
tecting the ASA and the PSA on preoperative 
vertebral angiography to prevent ischemic 
complications associated with therapeutic VA 
occlusion. 
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EDITORIAL COMMENT 

Based on clinical experience in three patients with spinal cord infarction after vertebral artery 
occlusion, the authors raise an important question regarding the possibility of spinal cord in
farction in the treatment of vertebral artery aneurysm necessitating parent artery occlusion. One 
possibility is unintentional occlusion of the orifice of the anterior spinal artery which usually 
arises at the level of the vertebral artery beyond the origin of the posterior inferior cerebellar 
artery. Clinically, bulbar infarction caused by occlusion of the anterior spinal artery and perfo
rating arteries seems to be rare unless there is extensive vertebrobasilar thrombosis. 
That is because there exists an anastomotic system inside and outside the foramen caecum 
against which vertebrobasilar junction classically projectsl. The other possibility is occlusion of 
the posterior spinal artery, the so-called lateral spinal artery, which originates from either the 
posterior inferior cerebellar artery or the intradural vertebral artery 2. The upper cervical cord 
infarction caused by occlusion of the lateral spinal artery is also rare and usually even asymp
tomatic because it anastomoses rostrally with the posterior inferior cerebellar artery branches 
and with the extradural arteries arising from the vertebral or occipital arteries at each metamer
ic level and with the contralateral system posteriorly. However, when definite origins of anterior 
and lateral spinal arteries are identified angiographically, it is necessary to sacrifice the exact 
segment of the diseased vessel in order to avoid compromising the blood flow into the spinal 
cord. Otherwise, proximal occlusion of the vertebral artery just before the level of the lesion, 
thus reversing the flow in the vertebral artery, can seal off the dissection of the vertebral arteri
al wall that developed from below to a higher level of the vertebral artery. When vertebral artery 
occlusion is indicated, such points need to be carefully considered although the incidence of 
cord infarction in this report seems to be higher than the expected theoretical incidence or that 
based on reports in the literature. 

Georges Rodesch, M.D 
Hopital de Bicetre 
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