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Abstract: For ruptured dissecting vertebral artery aneurysm, the reconstructive methods which mainly include stent
application requiring the use of anticoagulation or antiplatelet agents may increase hemorrhagic complications dur-
ing the peroperative period, especially in patients combined with hydrocephalus. Between May, 2003 and February,
2013, we treated 17 cases with ruptured dissecting vertebral arte ry aneurysms with coil occlusion of the aneurysm
and parent artery simultaneous. After evaluated the collateral supply using balloon occlusion test (BOT) method, the
aneurysm and parent artery was occluded with coils. One case and 6 cases received external ventricular drainage
(EVD) before and after the surgery respectively. The follow-up ranged from 2 to 36 months. One case had aneurysm
and parent artery not completely occluded, which had rapid recurrence and died 2 months later; 16 cases had
aneurysms and parent arteries completely occluded, among which 1 case developed the Wallenberg syndrome
early after the endovascular treatment. No hemorrhage occurred again. The 6-month control DSA showed complete
exclusion of the VA dissecting aneurysm in 12 patients. To occlude the dissecting aneurysm and parent artery with
coils for the prevention of rehemorrhage was effective. However, ischemia or infarction of the high level cervical
spinal cord and medulla oblongata should be considered.
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Introduction

For ruptured dissecting vertebral artery aneu-
rysm, two clinical features are common: High
rebleeding rate in short time [1] and severe
clinical symptoms [2]. Subarachnoid hemor-
rhage (SAH) often occurred in the posterior
fossa, and the patients often presented with
hydrocephalus. Although the reconstructive
procedure using stents, with or without adjunc-
tive coil embolization, has been advocated as
the primary treatment [3], the use of anticoagu-
lation or antiplatelet agents in patients using
stent technique may increase hemorrhagic
complications during the peroperative period,
especially in patients combined with hydro-
cephalus [4]. For these cases, considering pos-
sible postoperative EVD and postoperative
anticoagulation treatment, multiple treatment
options should be carefully evaluated. Between
May, 2003 and February, 2013, 17 cases with
ruptured dissecting vertebral artery aneurysms

were treated with coil occlusion of the aneu-
rysm and parent artery simultaneous. To evalu-
ate the treatment efficacy, this study was car-
ried out.

Patients and methods
Clinical data

As shown in Table 1, between May 2003 and
February 2013, 17 cases with ruptured dissect-
ing vertebral artery aneurysms were admitted
to our Hospital. Brain CT scan, cerebral digital
subtraction angiography (DSA) and three-
dimensional DSA (3D DSA) confirmed the diag-
nosis. The 17 patients included 11 males and 6
females, aging from 33 to 62 years old with an
average of 45.9 years. Relationship between
lesions and ipsilateral posterior inferior cerebel-
lar artery (PICA): for left PICA, 2 cases were
proximal and 4 cases were distal. For right PICA,
3 cases were proximal and 6 cases were distal.
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Table 1. Clinical data of patients

Males Female Age Diagnosis

PICA condition

Brain CT scan, cerebral digital subtraction For left PICA, 2 cases were proximal and 4 cases were distal.

1 6 average DSA (3D DSA).

33-62,45.9 angiography (DSA) and three-dimensional  For right PICA, 3 cases were proximal and 6 cases were distal.

PICA agenesis was found in 2 cases. Five patients had a his-
tory of hypertension and 3 patients had diabetes.

Figure 1. Occlusion with bare coils combined with hydrosoft expansion coils. A. DSA indicating left dissecting VA
aneurysm. B. Balloon occlusion test, C. Embolization with bare coils, D. Occlusion with expansion coils. E. Complete
occlusion with clear proximal PICA, F. Postoperative contralateral VA angiography.

PICA agenesis was found in 2 cases. Five
patients had a history of hypertension and 3
patients had diabetes.

Methods

Preoperative patients’ status and treatment
occasion: Preoperative status evaluation: 1.
Subarachnoid hemorrhage Fisher grade by
brain CT: grade 1: 1 case; grade 2: 12 cases;
grade 3: 4 cases. 2. Hunt-Hess scale: grade I: 4
cases; grade lll: 12 cases; grade IV: 1 case.
Among the 17 patients, 12 received cerebral
angiography and endovascular treatment with-
in 24 hours after the onset, 4 within 48 hours
and 1 within 72 hours.

Treatment procedure: Two patients received
general anesthesia due to irritation and poor
compliance. Fifteen patients underwent cere-
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bral angiography under local anesthesia. A 6F
sheath was placed through the femoral artery
and proceeded multi-angle cerebral angio-
graphy, rotational three-dimensional vascular
reconstruction were performed to evaluate the
blood supply, compensation and the collateral
circulation of the intracranial artery. Also, small
arteries around the PICA were analyzed. A 8F
sheath was placed through the contralateral
femoral artery to perform the balloon occlusion
test (BOT) in the local anesthesia patients. For
BOT, 3 cases used non-detachable balloons
and 12 cases used balloon guildings to
temporarily occlude the affected vertebral
artery and perform contralateral vertebral
artery angiography.

Endovascular treatment was performed under
general anesthesia and systemic heparin use.
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A 6F or 5F guiding catheter (Neuron, Penumbra,
Alameda, California, USA) reached the horizon-
tal V3 segment with the guidance of a 0.035-in
guidewire. Then under the guidance of a
0.014-in micro-wire (Boston Scientific, Natick,
Massachusetts, USA), a micro-catheter (EV3,
Irvine, California, USA) was placed in the distal
segment to the aneurysm. Coils were used to
occlude the aneurysm and the vertebral artery.
The first coil employed a 3D bare coil with the
similar diameter or 1 mm larger compared to
the aneurysm. The distal vertebral artery and
aneurysm was densely occluded. It would be
better if the coils reach 1-2 mm into the normal
vertebral artery distal to the dissection and 5-6
mm into the normal vertebral artery proximal
to the dissection to maximize the occlusion of
the parent vertebral artery.

Three methods were employed to occlude the
dissecting artery aneurysm and parent artery.
(D Simple bare coil (Guglielmi detachable coils,
Boston Scientific, Boston, MA, USA). occlusion
was used in 3 cases. @ Bare coil combined
with hydrosoft coil (MicroVention, Aliso Viejo,
CA) occlusion was employed in 11 cases. After
the aneurysm was almost occluded, expansion
coils with a diameter of 2 mm or 3 mm were
used to occlude the aneurysm or the proximal
artery (Figure 1). ® Bare coil combined with
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Figure 2. Occlusion with bare coils
combined with COOK coils. A. DSA
indicating right VA dissecting artery
aneurysm. B. Incomplete occlusion
with bare coils only. C. Proximal
embolization with COOK coils. D.
Complete occlusion. E. Postopera-
tive contralateral VA angiography
not showing the aneurysm.

COOK coil (Cook Medical, Bloomington, USA)
occlusion was adopted in 3 cases. After dense
but incomplete aneurysm occlusion, the COOK
coil was employed to occlude the proximal nor-
mal vertebral artery (Figure 2).

Postoperative bilateral vertebral artery angiog-
raphy showed that in one case the aneurysm
was not completely occluded only with attenu-
ated blood flow and in 16 cases the aneurysm
and parent artery was completely occluded
with clear PICA.

External ventricular drainage and anti-
coagulation and antiplatelet therapy: Seven
patients received EVD. One patient with severe
acute hydrocephalus was unconscious with
irregular breathing after admission. External
drainage was performed before the surgery.
Five received EVD after occlusion within 4-6
hours after surgery and 1 on the next day. On
the second day after EVD, brain CT scan was
conducted to determine the location of the
drainage tube, followed by oral or nasal feeding
aspirin 100 mg, 1/day for three consecutive
months. Other patients without EVD started to
receive low-molecular heparin 0.4 ml 2 hours
after endovascular treatment every 12 hours
for 3 days. Clopidogrel was orally administered
(75 mg/d) for three months and aspirin (100
mg/d) was taken for six months.
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Table 2. Treatment and outcomes of the patients

Treatment procedure

External ventricular drainage and anticoagulation and
antiplatelet therapy

Three methods were employed to occlude the dissecting artery aneurysm and parent ar-
tery. @ Simple bare coil (Guglielmi detachable coils, Boston Scientific, Boston, MA, USA)
occlusion was used in 3 cases. 2 Bare coil combined with hydrosoft coil (MicroVention,
Aliso Viejo, CA) occlusion was employed in 11 cases. 3) Bare coil combined with COOK
coil (Cook Medical, Bloomington, USA) occlusion was adopted in 3 cases.

Seven patients received EVD.
Other patients without EVD started to receive low-molecular heparin 0.4 ml 2 hours after

endovascular treatment every 12 hours for 3 days. Clopidogrel was orally administered
(75 mg/d) for three months and aspirin (100 mg/d) was taken for six months.

Postoperative therapy

One patient with chronic hydrocephalus received ventricle-peritoneal shunt. 12 patients

agreed to take DSA 6 months after the endovascular treatment.

Outcomes Dissecting artery aneurysm and parent artery was not completely occluded in one case
and the patient had a rapid recurrence and died 2 month later.
Sixteen cases had complete occlusion, among which 1 case developed postoperative
Wallenberg syndrome on the surgical day: PICA was distal to the dissecting aneurysm
and was supplied well by the contralateral vertebral artery but with a relative long dead

end.

Postoperative therapy and follow-up: In addition
to the anti-platelet therapy, conventional
treatments such as anti-vascular spasm,
bloody cerebrospinal fluid drainage and
dehydration therapies were employed. One
patient with chronic hydrocephalus received
ventricle-peritoneal shunt. Followed-up ranged
from 2 to 36 months. Clinical examination,
vertebral artery ultrasound and DSA were
employed to evaluate rebleeding, vertebral
artery blood flow velocity changes as well as
blood supply compensation after vertebral
artery occlusion. 12 patients agreed to take
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Figure 3. Incomplete occlusion with
bare coils and recurrence. A. DSA
indicating VA dissecting aneurysm,
B. GDC occlusion. C. Attenuation
of blood flow of the parent artery
after 5 GDCs placement. D. DSA
indicating obvious enlarged dissec-
tion after 2 months. E. Proximal VA
occlusion with a balloon and con-
tralateral angiography showing the
distal artery aneurysm.

DSA 6 months after the endovascular treat-
ment.

Results

As shown in Table 2, in this study, dissecting
artery aneurysm and parent artery was not
completely occluded in one case and the
patient had a rapid recurrence and died 2
month later (Figure 3). Sixteen cases had com-
plete occlusion, among which 1 case developed
postoperative Wallenberg syndrome on the sur-
gical day: PICA was distal to the dissecting
aneurysm and was supplied well by the contra-
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Figure 4. Medulla infarction after PICA proximal aneurysm occlusion. A. Brain CT indicating SAH. B. DSA showing
right PICA proximal VA dissecting artery aneurysm. C. Occlusion of right VA with BOT, angiography through the left VA
demonstrating right PICA and dissecting aneurysm. D. Dense occlusion with coils and right VA angiography showed
relative long “dead space”. E. After occlusion, the healthy VA angiography showed well right PICA and no aneurysm,
F. Brain MRI T2 imaging showed small pieces of medulla infarction with high signal.

lateral vertebral artery but with a relative long
dead end (Figure 4). The patient presented with
hoarseness, bucking, difficult swallowing, hyp-
algesia in the right face and left body, V grade
limb muscle strength and normal muscle ten-
sion. Nasal feeding tube was placed and anti-
coagulation and antiplatelet therapy was
adopted. After 3 days, hoarseness began to
improve and after 8 days, swallowing function
started to improve. Brain MRI implied small
pieces of infarction in the right dorsal medul-
lary (Figure 4). DSA review after 18 days
showed no significant change. After 20 days,
most swallowing function recovered and the
nasal tube was removed. The patient felt a
slight numbness of the left body and was dis-
charged. All 16 cases had no further bleeding.
The 6-month control DSA showed complete
exclusion of the VA dissecting aneurysm in 12
patients.

Discussion
Dissecting aneurysm of the vertebral artery is

now recognized as a common cause of stroke
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[5, 6]. Vertebrobasilar artery dissection is rela-
tively rare with an annual incidence of 1.0 to
1.5/100 thousand [7]. Ischemia is the primary
clinical manifestation of dissecting artery aneu-
rysm of the posterior circulation. Hemorrhage
accounts for a relatively small portion. Yamaura
[8] et al. reported that among 86 patients with
aneurysms arising from the vertebral artery or
its branches, 24 had dissecting aneurysms, 21
patients presented with subarachnoid hemor-
rhage (SAH) and 3 with ischemia. Rebleeding
rate of ruptured dissecting vertebral artery
aneurysm was higher than that of the non-rup-
tured cases as well as the ruptured anterior cir-
culation artery aneurysm, the rebleeding rate
was 46.7%, significantly higher than that of the
non-ruptured cases (8.3%) [9, 10]. Therefore,
once the diagnosis of ruptured aneurysm was
confirmed, early treatment should be initiated
to prevent further bleeding [11-13].

Compared to the anterior circulation aneu-
rysms, once the dissecting vertebral artery
aneurysm is ruptured with bleeding, the condi-
tion is more critical. In addition to the common
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sudden severe headache, patients were com-
monly accompanied with impaired conscious-
ness: a brief loss of consciousness before its
recovery, gradual going into coma with no sec-
ondary bleeding or being in a continually wors-
ening coma after the onset. Besides, significant
changes in vital signs could be noticed: signifi-
cantly increased blood pressure, irregular
heartbeat rate and significant breathing chang-
es (from light fast to slow deep breathing, irreg-
ular breathing rhythm, or even apnea and so
on) [14], which is attributed to the impairment
of brainstem and medulla oblongata functions.
At the moment dissecting aneurysm ruptured,
due to the anterior bone structure, high-speed
arterial blood flow stroke the posterior brain
stem and caused direct damages within the
small space of the posterior fossa.

In addition, subarachnoid hemorrhage (SAH) is
mainly distributed in the posterior fossa [15].
Much blood accumulated in the fourth ventricle
and tentorium cerebelli could block the aque-
duct of midbrain and third ventricle with little
blood spreaded in the suprasellar cistern and
sylvian cistern, which could affect the circula-
tion of cerebrospinal fluid and result in acute
hydrocephalus. Increased pressure in the pos-
terior fossa and brain stem shift can aggravate
the damage. For such patients, after dealing
with the ruptured aneurysm through interven-
tional means, the high intracranial pressure
and acute hydrocephalus issue should be
immediately addressed. Under serious condi-
tions in which patients have developed brain
stem damages, lumbar puncture or continuous
lumbar drainage bear certain risk in the acute
phase. Partial incarceration at the foramen
magnum could aggravate the condition.
Therefore, external ventricular drainage which
could simultaneously reduce the pressure both
above and under the tentorium is more safe
and effective, which calls for comprehensive
preoperative evaluation and prudent determi-
nation of endovascular treatment methods.

Endovascular treatment for vertebral artery dis-
secting aneurysm has been widely recognized
[16, 17]. Generally there are two treatment
methods: the reconstructive methods, which
mainly include stent-assisted coiling, multiple
stents, multiple stent-assisted coiling, could
keep the original normal vascular structure and
remains the ideal option. Stent application
requires perioperative anticoagulation, anti-
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platelet interventions and long-term postopera-
tive anticoagulation therapy. In this circum-
stance, subsequent ventricular puncture and
drainage could lead to hemorrhage in the punc-
ture tract and ventricles. Another option is to
embolize the dissecting artery aneurysm and
the parent artery. This method is simple, never-
theless bears the cost of sacrificing a vertebral
artery. Therefore, patients should be carefully
evaluated. After diagnosis is confirmed, BOT
should be performed through bilateral femoral
arteries to determine the blood compensation
and the relationship between the aneurysm
and neighboring arteries, especially the poste-
rior inferior cerebellar artery.

The embolization method was chosen depend-
ing on patients’ conditions in this study. After
full examination and careful evaluation, larger
coils were used to cover the distal and proximal
of the dissecting aneurysm. The coil should
reach the normal artery in the distal to prevent
the reverse blood flow to the aneurysm from
the contralateral vertebral artery. The proximal
artery should be completely occluded. In this
study, we use three embolization methods: 1.
Bare coil embolization: dissecting aneurysm
often has fast and large volume blood flow. It is
difficult to completely occlude the aneurysm
and parent artery only with bare coils. 2. First
embolization by 3-4 large and long bare coils
combined with later 2-3 expansion coils from
MicroVention Company in the aneurysm and
proximal artery could quickly occlude the verte-
bral artery. 3. When dense embolization could
not fully occlude the aneurysm, coils by U.S.
COOK company placed in the proximal normal
vertebral artery could achieve good results and
save expanses.

Among the 17 patients, in one case the dissect-
ing artery aneurysm and parent artery was not
fully embolized. Those of the other 16 were
completely occluded. When dealing with the
first case in May 2003, we used 5 relatively
long GDC bare coils to occlude. The aneurysm
was mainly occluded and the parent artery
blood flow was significantly attenuated. We
considered complete embolization would devel-
op due to thrombi formation. After 2 months
the condition suddenly worsened and DSA indi-
cated that the aneurysm significantly became
enlarged. Although the proximal vertebral
artery was occluded with a detachable balloon
but contralateral vertebral artery angiography
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Figure 5. The role of PICA and the relative position of dissecting aneurysm
in occlusion treatment. A. PICA Located in the proximal artery aneurysms
(arrow) and there are small effects on collateral circulation after occlusion.
B. PICA Located in the distal aneurysms(Coarse arrow) and “dead space” in

distal aneurysm is longer after occlusion (Thin arrow).

showed the distal artery of the aneurysm was
still in sight (Figure 3). The patient died a week
later due to brain stem function failure. From
this case, we believed that if the dissecting
artery aneurysm was not completely occluded,
it would even aggravate the condition instead
of achieving therapeutic effects.

Depending on the condition and amount of
bleeding, 7 patients (7/17) received external
ventricular drainage. One patient developed
late chronic hydrocephalus and received ventri-
cle-peritoneal shunt. One patient with incom-
plete occlusion had rapid recurrence and died.
Among 16 patients with complete emboliza-
tion, 14 recovered and 1 remained slightly dis-
abled due to hydrocephalus. One patient devel-
oped the Wallenberg syndrome on the surgical
day postoperatively. MRI showed infarction in
the right dorsal lateral medulla (Figure 4).
Considering the relationship between the aneu-
rysm and PICA, in this group the aneurysm was
distal to the PICA in 10 cases, which did not
develop ischemic incidents of the brainstem
and medulla oblongata (0/10). The aneurysm
was proximal to the PICA in 5 cases and one
case developed the Wallenberg syndrome
(1/5).

We believe that the relationship between the
aneurysm and PICA is particularly important
when employing the coil occlusion for the dis-
secting artery aneurysm and parent artery [2].
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For patients with lesions dis-
tal to the PICA, after complete
occlusion, contralateral verte-
bral artery  angiography
showed that blood reversely
flowed to the distal vertebral
artery through the basilar
artery confluence. The affect-
ed side vertebral artery angi-
ography showed that the
proximal PICA was clear and
the vertebral artery near the
aneurysm was completely
occluded. Under this circum-
stance, the distance between
the PICA and vertebral artery
was short, thus with small
“dead space” (Figure 5). Plus
the blood flow rate of the ver-
tebral artery was relatively
high. Therefore the possibility
of ischemia was small. For 5
cases with lesions proximal to the PICA, the
situation was quite the opposite. Although the
distal PICA was well supplied through the con-
tralateral vertebral artery, the proximal VA had
relatively long “dead space” with no blood flow.
Under this circumstance, the small or potential
perforator arteries such as the anterior spinal
artery were possible to be involved, which might
lead to sever complications [18-20]. Thus,
repeated evaluation of the cerebral angiogra-
phy images and three-dimensional vascular
imaging was necessary. If there were signifi-
cant perforating arteries in the proximal verte-
bral artery, special attention should be given. If
the aneurysm occurred in the dominant side
and the contralateral vertebral artery was ste-
notic, occlusion of the aneurysm and parent
artery may bear high risk [21].

Short term clinical follow-up showed that none
of the 16 cases with complete occlusion had
rebleeding and ultrasound follow-up indicated
stable blood flow velocity of the bilateral verte-
bral arteries. DSA follow-up of a few cases
showed no recanalization of the aneurysm and
parent artery and no complications related to
hemodynamic changes.

Complete occlusion of the artery aneurysm and
parent artery with coils is effective on preven-
tion of rebleeding of ruptured dissecting artery
aneurysms. However, preoperative evaluation
should be cautiously performed in case of isch-
emia complications.
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