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ABSTRACT

BACKGROUND AND PURPOSE: Unruptured intracranial vertebrobasilar dissecting aneurysms with brain stem compression are diffi-
cult to treat. In the present study, the clinical and radiologic outcomes of unruptured intracranial vertebrobasilar dissecting aneur-
ysms with brain stem compression based on different treatment modalities were evaluated.

MATERIALS AND METHODS: This study included 28 patients with unruptured intracranial vertebrobasilar dissecting aneurysms with
brain stem compression treated from January 2009 to December 2017. Treatment methods were observation (n¼ 6), stent-assisted
coil embolization (n¼ 9), parent artery occlusion (n¼ 6), and flow diversion (n¼ 7). The data of baseline characteristics, change of
aneurysm size, retreatment rate, stroke occurrence, and alteration of the mRS score were obtained from retrospective chart
review.

RESULTS: The initial size of dissecting aneurysms was largest in the flow diversion group (22.5 6 7.7mm), followed by parent artery
occlusion (20.3 6 8.4mm), stent-assisted coil embolization (11.7 6 2.2mm), and observation (17.8 6 5.5mm; P¼ .01) groups. The
reduction rate of aneurysm size was highest in the parent artery occlusion group (26.7 6 32.1%), followed by flow diversion
(14.1% 6 28.7%), stent-assisted coil embolization (�17.9 6 30.3%), and observation (�31.5 6 30.8%; P¼ .007) groups. Additional treat-
ment was needed in the observation (4/6, 66.7%) and stent-assisted coil embolization (3/9, 33.3%; P¼ .017) groups. Improvement of
the mRS score on follow-up was observed in the flow diversion (6/7, 85.7%) and parent artery occlusion (4/6, 66.7%) groups but
not in the stent-assisted coil embolization and observation groups. A worsened mRS score was most common in the observation
group (4/6, 66.7%), followed by stent-assisted coil embolization (3/9, 33.3%), parent artery occlusion (2/6, 33.3%), and flow diversion
(0/7, 0%) groups.

CONCLUSIONS: When treating intracranial vertebrobasilar dissecting aneurysms with brain stem compression, parent artery occlu-
sion and flow diversion should be considered to reduce aneurysm size and improve the mRS score.

ABBREVIATIONS: FD ¼ flow diversion; IVBDA ¼ intracranial vertebrobasilar dissecting aneurysm; PAO ¼ parent artery occlusion; SACE ¼ stent-assisted coil
embolization

Intracranial vertebrobasilar dissecting aneurysm (IVBDA) is
one of the most common intracranial arterial dissections. On

initiation of a sudden disruption of the internal elastic lamina
and media, circulating blood invades the disrupted layer, result-
ing in formation of an intramural hematoma.1 When the

intramural hematoma extends toward the outer layer, the dissec-
tion presents as aneurysmal dilation due to hemodynamic stress
to separated adventitia from invading circulating blood.2 The
aneurysmal dilation of intracranial arterial dissection may pro-
gress to subarachnoid hemorrhage with adventitial tearing.
Moreover, a large IVBDA may induce brain stem compression
due to the position adjacent to the brain stem, which might result
in a neurologic deficit. Thus, treatment for unruptured large
IVBDAs with brain stem compression should target the preven-
tion of aneurysm rupture and relief of mass effect on the brain
stem. Various treatment modalities, such as conservative, endo-
vascular, and surgical treatments are available for IVBDAs.
Possible surgical treatment options for IVBDA are reconstruction
with direct clipping or proximal ligation; however, when the an-
eurysm is large, these options are commonly limited due to
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difficult access and postoperative complications. Because of these
surgical limitations, diverse endovascular treatments for large
vertebrobasilar dissecting aneurysms are currently performed,
such as stent-assisted coil embolization (SACE), parent artery
occlusion (PAO), and, recently, flow diversion (FD).3-6 In the
present study, clinical and radiologic outcomes of unruptured
IVBDAs with brain stem compression based on different treat-
ment modalities were evaluated.

MATERIALS AND METHODS
All patient data from a single institution (Seoul St. Mary’s
Hospital) were retrospectively reviewed, and data collection was
approved by the institutional review board.

Patients
From January 2009 to December 2017, two hundred seventy-two
IVBDAs were diagnosed in a single institution. Large IVBDAs
with brain stem compression were diagnosed on the basis of the
following criteria: 1) angiographic evidence of IVBDA (ie, aneur-
ysmal dilation or a pearl-and-string sign of the vertebrobasilar ar-
tery on 3D-reconstruction digital subtraction angiography); 2)
radiologic evidence of IVBDA onMR imaging (ie, intramural he-
matoma, double lumen sign, intimal flap); and 3) mass effect of
an aneurysm compressing the brain stem, with distortion of
boundary shape on MR imaging. Exclusion criteria were the fol-
lowing: 1) a ruptured IVBDA; 2) traumatic IVBDA; 3) iatrogenic
IVBDA; 4) laboratory or radiologic findings suggestive of vas-
culopathy, fibromuscular dysplasia, or Bechet disease; and 5)
patients lost to follow-up. All clinical and radiologic data,
including age, sex distribution, risk factors (diabetes mellitus,
hypertension, dyslipidemia, current smoker), location of the
IVBDA, and follow-up period were collected retrospectively.

Treatment Modalities
Patients included in this study underwent 4 different treatment
modalities: 1) observation, 2) SACE, 3) PAO, or 4) FD. Patients
who refused endovascular treatment due to procedure-related

complications underwent observation
and were closely followed up in the
outpatient clinic. These patients were
counseled regarding a 30% risk of
mortality and morbidity based on pre-
vious studies.7-9 IVBDAs with mini-
mal brain stem compression due to
the relatively small size were typically
treated with SACE. PAO and FD were
performed when the IVBDA was large
and the lesion was symptomatic. PAO
was considered first when the branch-
ing arteries were not incorporated
and enough collateral flow was
expected after occlusion of the par-
ent artery. FD was considered when
postoperative ischemia was expected
after PAO due to poor collateral flow
and branching artery involvement.
All endovascular treatments were

performed with the patient under general anesthesia with right
femoral artery puncture; aspirin (100mg) and clopidogrel
(75mg) were given daily for 7 days before treatment. Intra-
venous heparin was administered during the procedure.

An Enterprise 2 self-expanding stent (Codman & Shurtleff,
Raynham, Massachusetts) or a LVIS Blue or Jr (MicroVention,
Tustin, California) with detachable coils was used for SACE, and
PAO was performed with detachable coils. All SACE cases were
treated with a conventional stent-assisted coiling using a single
stent. The Pipeline Embolization Device (PED; Covidien, Irvine,
California) or the Flow-Redirection Endoluminal Device (FRED;
MicroVention) was used for FD. In the endovascular treatment
groups, dual-antiplatelet medication with 100mg of aspirin and
75mg of clopidogrel was maintained for at least 6months and
was gradually reduced in the outpatient clinic. After 6months of
dual-antiplatelet medication, the SACE and PAO groups main-
tained a single antiplatelet regimen with 100mg of aspirin for 18
more months, and the FD group maintained a single antiplatelet
regimen with 100mg of aspirin life-long.

Radiologic and Clinical Follow-Up
The patients in SACE, PAO, and FD groups underwent diffu-
sion-weighted MR imaging on postoperative day 1 for evaluation
of postprocedural infarction. Follow-up MR imaging was per-
formed in all patients after 6, 12, and 24months to evaluate
changes in aneurysm size. Additional MR imaging was per-
formed at 2-year intervals or if new neurologic symptoms devel-
oped. The preprocedural and postprocedural sizes of aneurysms
were measured on axial sections of T2 sequence MR imaging,
which presents the largest IVBDA diameter. The size of the
IVBDA on the initial and last MR imaging examination was
recorded, and the percentage of size reduction was calculated.
Associated infarction on the initial clinical diagnosis of IVBDA
and occurrence of newly developed infarctions during the follow-
up period were recorded. The mRS score on the initial and last
follow-up was recorded, and improvement or deterioration of the
mRS was analyzed.

Table 1: Baseline characteristics of patients in the 4 different treatment technique
groupsa

Variables
Observation

(n¼ 6)
SACE
(n¼ 9)

PAO
(n¼ 6)

FD
(n¼ 7)

P
Value

Age (yr) 58.2 6 8.3 54.3 6 14.7 45.3 6 15.7 47.6 6 22.1 .47b

Sex, male 3 (50) 3 (33.3) 2 (33.3) 2 (28.6) .87c

DM 0 (0) 1 (11.1) 0 (0) 0 (0) .51c

Hypertension 3 (50) 4 (44.4) 3 (50) 1 (14.3) .47c

Dyslipidemia 2 (33.3) 0 (0) 0 (0) 2 (28.6) .14c

Current smoker 1 (16.7) 0 (0) 0 (0) 2 (28.6) .23c

Symptoms .04c

Incidental 1 (16.7) 5 (55.6) 0 (0) 0 (0)
Headache 3 (50) 2 (22.2) 2 (33.3) 1 (14.3)
Neurologic deficit 2 (33.3) 2 (22.2) 4 (66.7) 6 (85.7)

Location .65c

Right VA 2 (33.3) 4 (44.4) 1 (16.7) 2 (28.6)
Left VA 2 (33.3) 5 (55.6) 3 (50) 3 (42.9)
BA 2 (33.3) 0 (0) 2 (33.3) 2 (28.6)

Note:—DM indicates diabetes mellitus; VA, vertebral artery; BA, basilar artery.
a Values are presented as mean 6 SD or number (%).
b ANOVA.
c Fisher exact test.
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Statistical Analysis
Statistical analysis was performed using SPSS, Version 24 (IBM,
Armonk, New York). Baseline characteristics and radiologic and
clinical outcomes between different treatment technique groups
were analyzed. One-way ANOVA with post hoc Bonferroni cor-
rections and the Kruskal-Wallis test were used for numeric varia-
bles, and the Fisher exact test was used for nominal variables. P
values, .05 were considered statistically significant.

RESULTS
Baseline Characteristics of Patients in the 4 Different
Treatment Technique Groups
Among the 272 IVBDAs, 40 IVBDAs met the inclusion criteria.
Twelve IVBDAs were excluded due to ruptured lesions (n¼ 6),
history of trauma (n¼ 1), suggestive vasculopathy (n¼ 1), and
loss to follow-up (n¼ 4). Finally, 28 patients with IVABADs were
identified and enrolled in the study. Among the 28 patients with
IVBDAs with brain stem compression, 6 patients underwent ob-
servation, 9 patients underwent SACE, 6 patients underwent
PAO, and 7 patients underwent FD. Table 1 shows baseline char-
acteristics of patients in each treatment technique group.
Significant differences in age, male sex distribution, risk factors,
and follow-up period were not observed. None of the basilar ar-
tery lesions were treated with SACE, and no significant difference
was observed in the location of IVBDAs. Initial presenting symp-
toms were significantly different between the groups. The pro-
portion of IVBDAs without symptoms was highest in the SACE
group, and all IVBDAs treated with PAO and FD were sympto-
matic. The proportion of headache as an initial symptom was
highest in the observation group, and the proportion of neuro-
logic deficits was highest in the FD group (P¼ .04).

Radiologic and Clinical Outcomes of Patients in the 4
Different Treatment Technique Groups
The mean age of patients was 51.5 6 16 years (range, 12–71
years), and the mean follow-up period was 27.4 6 23.8months.
Table 2 shows radiologic and clinical outcomes of patients in the
4 different treatment-technique groups. The initial IVBDA size
was significantly different between the groups. The initial size

was largest in the FD group (22.5 6 7.7mm), followed by PAO
(20.3 6 8.4mm), observation (17.8 6 5.5mm), and SACE
(11.76 2.2mm; P, .01) groups. The change of IVBDA size was
significantly different among the groups (P¼ .008). The reduc-
tion of IVBDA size on follow-up compared with initial size was
observed in the PAO (73.2% 6 32.2%) and FD (85.9 6 28.7%)
groups. Conversely, increased IVBDA size was observed in the
SACE (117.8% 6 30%) and observation (129.3% 6 29.5%)
groups. The comparison of the reduction rate of aneurysm size is
shown in Fig 1. The PAO group showed the highest rate of size
reduction (73.2% 6 32.2%), followed by FD (14.1% 6 28.7%),
SACE (�17.9% 6 30.3%), and observation (�31.5% 6 30.8%)
groups. The PAO group showed a significantly large rate of size
reduction compared with the SACE (P¼ .047) and observation
(P¼ .014) groups. The size-reduction rate in the FD group was
significantly different compared with the observation group
(P¼ .05).

The outlier in the SACE group in Fig 1 is shown in Fig 2. A
20-year-old man presented with headache, and MR imaging and

Table 2: Radiologic and clinical outcomes of patients in the 4 different treatment technique groupsa

Variables
Observation

(n¼ 6)
SACE
(n¼ 9)

PAO
(n¼ 6)

FD
(n¼ 7)

P
Value

Follow-up (mo) 28.3614.2 27 6 23.4 40.2 6 37.4 16.3 6 13.1 .37b

Initial aneurysm size (mm) 17.8 6 5.5 11.7 6 2.2 20.3 6 8.4 22.5 6 7.7 .01b

Aneurysm size on follow-up (mm) 23.4 6 9.8 13.9 6 5.2 14.4 6 9.7 19.9 6 10.1 .1b

Change of aneurysm size (%) 129.3 6 29.5 117.8 6 30.0 73.2 6 32.2 85.9 6 28.7 .008b

Retreatment 4 (66.7) 3 (33.3) 0 (0) 0 (0) .017c

SACE 0 (0) 1 (33.3) 0 (0) 0 (0)
PAO 1 (25) 0 (0) 0 (0) 0 (0)
FD 3 (75) 2 (66.6) 0 (0) 0 (0)

Initial ischemic stroke 0 (0) 1 (11.1) 1 (16.7) 1 (14.3) .79c

Ischemic stroke on follow-up 1 (16.7) 1 (11.1) 1 (16.7) 0 (0) .73c

Subarachnoid hemorrhage on follow-up 0 (0) 0 (0) 0 (0) 0 (0)
Improvement of mRS score 0 (0) 0 (0) 4 (66.7) 6 (85.7) ,.001c

Worsening of mRS score 4 (66.7) 3 (33.3) 2 (33.3) 0 (0) .086c

a Values are presented as mean 6 SD or number (%).
b ANOVA test.
c Fisher exact test.

FIG 1. Reduction of vertebrobasilar dissecting aneurysm size based
on treatment technique. The PAO group showed the greatest
amount of aneurysm reduction followed by FD, SACE, and observa-
tion groups. The asterisk indicates P, .05.
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FIG 2. Treatment of large vertebral artery dissecting aneurysm with brain stem compression in a 20-year-old man. A, 3D rotational angiography
shows a large dissecting aneurysm on the fourth segment of the right vertebral artery. B, Stent-assisted coil embolization was performed. C, T2
axial MR image on postoperative day 12 shows coil meshes with extended thrombus in the aneurysm sac. D, Angiography after 3months shows
a jet flow into aneurysm sac. E, T2 axial MR image shows enlargement of aneurysm diameter with aggravation of brain stem compression. F, FD
was performed using the FRED. G, Angiography 5months after FD shows complete regression of jet inflow. H, T2 axial MR imaging shows a mark-
edly decreased aneurysm sac diameter with diminished brain stem compression.
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angiography showed a fusiform dissecting aneurysm on the left
V4. SACE was initially performed but resulted in an 82% increase
of aneurysm size after 3months with development of a neuro-
logic deficit. The patient was retreated with FD with excellent
outcome. Among the 28 IVBDAs with brain stem compression, 4
of 6 (66.7%) observation patients and 3 of 9 (33.3%) patients
treated with SACE underwent retreatment due to aggravation of
brain stem mass effect and a worsened mRS score. Conversely,
no patient needed additional treatment in the PAO and FD
groups. These values were statistically significant (P¼ .017).
Among the 4 retreated patients in the observation group, 1
underwent PAO and 3 underwent FD. Among the 3 patients
treated with SACE, 1 underwent additional coil embolization
and 2 underwent FD. Patients additionally treated with PAO
or FD showed good outcomes with cessation of aneurysm
growth; however, the aggravation of mass effect due to aneu-
rysm growth was evident in patients who underwent addi-
tional coil embolization.

Among the 28 IVBDAs with brain stem compression, 3 asso-
ciated ischemic strokes were observed on initial diagnosis: 1 tran-
sient ischemic attack in the SACE (1/9, 11.1%) and PAO (1/6,
16.7%) groups and 1 cerebellar infarction in the FD (1/7, 14.3%)
group. On follow-up, there were 3 infarctions: 1 cerebellar infarc-
tion in the observation group (1/6, 16.7%), 1 medullary infarction

in the SACE group on postoperative day 7 (1/9, 11.1%), and 1
cerebellar infarction in the PAO group on postoperative day 1
(1/6, 16.7%); no ischemic stroke occurred in the FD group. Initial
and follow-up stroke rates were not statistically different among
treatment modalities (p = 0.79, p = 0.73).

Ten patients showed improved mRS scores. The improvement
rate of mRS scores was highest in the FD group (6/7, 85.7%) fol-
lowed by the PAO group (4/6, 66.7%). The observation and
SACE groups showed no mRS improvement. These values were
statistically significant (P, .001). Lower mRS scores were
observed in 9 patients. The rate of worsened mRS scores was
highest in the observation group (4/6, 66.7%), followed by the
SACE (3/9, 33.3%) and PAO (2/6, 33.3%) groups. A worsened
mRS score was not observed in the FD group. However, the dif-
ference between the worsened rates of mRS scores was not stat-
istically significant (P¼ .086). The changes in mRS scores based
on treatment technique is shown in Fig 3. mRS scores in the ob-
servation and SACE groups showed a tendency to improve,
whereas the mRS scores in the PAO and FD groups tended to
decrease. Among the 28 patients, 1 patient in the PAO group
died. The 47-year-old man with hypertension and end-stage re-
nal disease was diagnosed with a large thrombosed dissecting
aneurysm on the basilar artery. The patient was treated with
PAO; however, the aneurysm continued to grow, and the
patient progressed to a vegetative state due to brain stem com-
pression and obstructive hydrocephalus after 5months. The
patient died after 8months due to complications from pneumo-
nia and sepsis caused by multiorgan failure.

DISCUSSION
Large IVBDAs typically have a poor prognosis due to the high
risk of rupture and growth characteristics. Still, there is a question
about the treatment technique as to whether such patients should
undergo reconstructive or destructive treatment. A systematic
review and meta-analysis showed higher angiographic occlusion
rates for a destructive technique and lower morbidity rates for a
reconstruction technique, but long-term neurologic outcomes
and retreatment rates were not statistically different.10 In the
present study, we compared clinical and radiologic outcomes of
various destructive and reconstructive treatments and compared
them with each other and with an observation group.

The baseline characteristics of 4 different treatment-technique
groups did not show a significant difference except for initial
symptoms and the initial size of the IVBDAs. In our treatment
strategy, IVBDAs with relatively small sizes and no symptoms
were mostly treated with SACE to prevent ischemic complica-
tions and obtain immediate aneurysm occlusion. Large IVBDAs
inducing a neurologic deficit were mostly treated with PAO or
FD to avoid a mass effect caused by the coil mesh and to decrease
the aneurysm size to relieve the neurologic deficit caused by brain
stem compression. The initial size of IVBDAs in the observation
group was higher than that in the SACE group. This finding
might be due to patients who refused to undergo treatment or
untreatable lesions due to large size with prominent brain stem
perforators and incorporation of cerebellar arteries before ap-
proval of the FD device.

FIG 3. Alteration of mRS based on the treatment technique.
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The natural course of vertebrobasilar dissection is be-
nign.2,11,12 The nature of an unruptured IVBDA is also not highly
aggressive. Kai et al13 reported that only 9 of 100 unruptured
IVBDAs needed surgical or endovascular treatment due to pro-
gression of symptoms or change of angiographic shape during
24months of follow-up. However, the prognosis of large IVBDAs
is worse than that of stenotic-type dissections or small IVBDAs.
Kobayashi et al14 reported the need for treatment of IVBDAs
larger than 10mm due to aneurysm growth and clinical deterio-
ration caused by a mass effect. Our study showed similar results,
with the largest size increase and highest rate of mRS deteriora-
tion in the observation group. In addition to aggravation of a
mass effect to the brain stem in growing IVBDAs, the high risk
of rupture should also be considered. Naito et al15 reported a
higher-than-expected risk of bleeding in large or growing verte-
bral artery dissections (3/21), and Flemming et al16 reported
enlargement of a dissecting aneurysm as a risk factor of rupture.
In our study, 4 of 6 patients in the observation group eventually
underwent endovascular treatment due to aneurysm enlarge-
ment and clinical deterioration caused by a mass effect to the
brain stem. One of the progressed cases of a large IVBDA with
brain stem compression is described in Fig 4.

Surgical treatment of IVBDAs
with brain stem compression was a
unique option before approval of
endovascular devices. Drake and
Peerless17 reported outcomes of 120
giant fusiform intracranial aneur-
ysms with surgical treatment: Fifty-
six were located in basilar trunk,
vertebrobasilar junction, and verte-
bral artery. They were treated with
surgical clipping, wrapping, or
proximal ligation with or without
bypass surgery. Four patients showed
severe neurologic deficits, and 13
patients died. Due to the high mortal-
ity and morbidity of surgical treat-
ment, endovascular treatments have
emerged as treatments of choice. In
our study, all IVBDAs with brain
stem compression were treated
endovascularly.

Although endovascular treatment
of the IVBDAs shows lower mortality
and morbidity rates compared with
surgical treatment, various periop-
erative complications can occur.
Destructive treatment might induce
perioperative ischemic stroke due to
occlusion of perforators or branch-
ing arteries. Reconstructive treat-
ment also might cause ischemic and
hemorrhagic stroke. SACE has the
possibility of perioperative aneurysm
rupture during aneurysm selection
or coil deployment and thromboem-

bolic infarction due to the deployment of stent. FD might cause
delayed rupture of aneurysms and perforator infarction. The
recent meta-analysis comparing the destructive technique with
the reconstructive technique in treating IVBDAs showed similar
perioperative mortality and morbidity.10 In our study, the ische-
mic stroke rate during follow-up was higher in the deconstruc-
tive group (1/6, 16.7%) than in the reconstructive group (1/16,
6.3%), but it was not statistically significant due to small varia-
bles. No perioperative hemorrhagic stroke occurred in any treat-
ment modality.

Stent-assisted coil embolization has been widely performed to
treat vertebrobasilar dissecting aneurysms because of immediate
aneurysm occlusion with preservation of parent artery flow. Jeon
et al18 reported the feasibility and safety of SACE in IVBDAs,
with acceptable long-term follow-up results despite a high rate of
incomplete immediate occlusion. In addition, 25 of 47 lesions
(53.2%) showed no immediate contrast filling; during a mean fol-
low-up of 20.2months, 37 of 47 lesions (78.7%) appeared com-
pletely occluded. However, a high rate of immediate incomplete
occlusion can be problematic in treating large IVBDAs with
SACE. Because most large IVBDAs have a wide neck, it is diffi-
cult to achieve complete packing of the aneurysm, leading to coil

FIG 4. Growth of an observed vertebral artery dissecting aneurysm in a 67-year-old woman. A,
3D rotational angiography shows a fusiform-type vertebral artery dissecting aneurysm on the
fourth segment of left vertebral artery. B, T2 axial MR image shows formation of intra-aneurysmal
thrombus with brain stem compression. The patient underwent observation, and right-sided
weakness developed after 5 years. C, 3D rotational angiography after 5 years shows contrast
extension into the thrombosed aneurysm sac (arrow). D, T2 axial MR image shows enlargement
of aneurysm diameter with aggravation of brain stem compression.
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compaction and reopening of the aneurysm. Furthermore, intra-
aneurysmal thrombus is common in large IVBDAs and results in
coil migration and loosening into the thrombosed portion.19,20

These failures result in growth of the IVBDA with aggravating
brain stem compression. In our study, the initial mean aneurysm
size of the SACE group was 11.7mm, which increased to
13.9mm on follow-up. Three of 9 patients (33.3%) treated with
SACE showed mRS deterioration or no mRS improvement.

Parent artery occlusion might be a good treatment option in
large IVBDAs with brain stem compression if branching arteries
are not incorporated. There are numerous studies of PAO in the
treatment of IVBDAs. Aymard et al21 reported a good outcome
of PAO in unclippable vertebrobasilar aneurysms, and 13 of 21
IVBDAs showed good clinical and angiographic outcomes.
Leibowitz et al22 reported a high rate of aneurysm occlusion with
PAO when complete thrombosis of the aneurysm was achieved.
IVBDAs involving bilateral vertebral arteries or the basilar artery
showed poor prognosis compared with unilateral vertebral artery
involvement due to difficulties in thrombus formation caused by
abundant collateral flow. In our study, 2 of 6 patients (33.3%) in
the PAO group showed mRS deterioration: 1 of 4 patients with a
unilateral vertebral artery lesion (25%) and 1 of 2 patients with a
basilar artery lesion (50%). Both basilar aneurysms were

thrombosed holobasilar aneurysms.
The rest of the 4 patients in the PAO
group showed mRS improvement.
The risk of postoperative infarction in
the PAO group was not significantly
higher than in the other treatment
groups. The mean reduction of aneu-
rysm size was 73.2%, which is the larg-
est among the treatment groups. One
of the cases with reduction of IVBDA
size using parent artery occlusion is
described in Fig 5.

The efficacy of FD for anterior
circulation aneurysms has been dem-
onstrated in numerous studies,23-25

but pessimism remains regarding FD
for posterior circulation aneurysms
because of concern for perforator in-
farction and delayed rupture. Siddiqui
et al reported unfavorable outcome
in 7 patients with symptomatic large
or giant fusiform vertebrobasilar an-
eurysms treated with flow diverters.
Of these, 4 patients died (2 with
delayed rupture and 2 with brain stem
infarction), and 1 patient had an mRS
score of 5. Preoperative stroke and
multiple uses of an FD device were
risk factors for postoperative perfora-
tor infarction.26 On the other hand,
there are some reports presenting
favorable outcomes. Natarajan et al27

reported that 11 of 12 fusiform verte-
brobasilar aneurysms treated with FD

showed recovery of neurologic deficits, and all showed aneurysm
occlusion at the final follow-up. This study suggests the impor-
tance of patient selection because they did not include patients
with holobasilar aneurysms. We treated 2 basilar trunk aneur-
ysms with flow diversion, both of which were midbasilar, not
holobasilar aneurysms. Both patients with basilar aneurysms
treated with FD showed improvement of the mRS and aneurysm
size reduction. One case showing recurrent IVBDA after SACE
is presented in Fig 2, and the other was a 10-year-old girl without
intra-aneurysmal thrombus and with initial brain stem infarc-
tion. We achieved total occlusion with a single FD device with-
out ischemic stroke on follow-up in both cases.

The limitations of this study are that it was retrospective and
performed in a single center with a small number of patients with
discordant initial variables, which may lead to statistical bias.
Second, the prognoses of vertebral artery dissecting aneurysm
and basilar artery aneurysm were not separately analyzed, despite
their different disease natures. Third, there is lack of evidence to
prove the superiority of PAO or FD in treating IVBDAs with
brain stem compression. The rate of aneurysm size reduction was
higher in the PAO group, and the proportion of patients with
mRS improvement was higher in the FD group. The PAO group
showed 2 of 6 with mRS worsening, and the FD group did not

FIG 5. Reduction of vertebral artery dissecting aneurysm size using PAO in 58-year-old woman.
A, Rotational 3D angiography shows a large vertebral artery dissecting aneurysm in the fourth
segment of the left vertebral artery. B, T2 axial MR image shows thrombus formation with brain
stem compression. C, PAO was performed. D, T2 axial MR imaging after 12months shows a
decreased diameter of the aneurysm with diminished brain stem compression.
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show any mRS worsening. However, these differences between
the 2 groups were not statistically significant due to a small num-
ber of variables. Moreover, FD sometimes causes unexpected
postoperative aneurysm rupture due to a change of hemodynam-
ics, which is fatal. Fortunately, our FD group did not show any
postoperative delayed rupture of aneurysm, but the risk remains.
Further study with a larger population is needed.

CONCLUSIONS
Unruptured IVBDAs with brain stem compression aggravate
neurologic deficits and increase in size when untreated, indicat-
ing the need for active treatment. The SACE technique does not
prevent aneurysm growth or neurologic deterioration in many
cases. Thus, PAO and FD should be considered to obtain consist-
ent reduction of aneurysm size and improvement of mRS.
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