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ABSTRACT

AIM: To present our experience on superior cerebellar artery (SCA) aneurysms treated with embolization by using current 
endovascular techniques.
MATERIAL and METHODS: All SCA aneurysms treated by our endovascular team since 2013 were retrospectively evaluated.  
Clinical information and angiographic findings on presentation, during treatment and on follow-up were noted.
RESULTS: Endovascular treatment was the primary treatment method for SCA aneurysms during the study period. Twenty three 
patients (15 female, 8 male) with a mean age of 50.6 years, 12 of whom with subarachnoid hemorrhage were treated. Treatments 
included coiling (56%), stent assisted coiling, stentriever assisted coiling, Y stent assisted coiling and flow diversion with either 
flow diverter placement or telescopic stenting. Two patients died secondary to consequences of subarachnoid hemorrhage. The 
outcome of 1 patient was Modified Rankin Scale (mRS) 3 and the outcome of remaining 20 patients was mRS 0. The rates of 
aneurysm occlusion  according to Raymond-Roy classification were: class 1 in 11 patients, class 2 in 6 patients and class 3 in 2 
patients on a mean follow-up of 15.3 months. Only one patient required retreatment.
CONCLUSION: Current endovascular techniques are able to address the high rate of recanalization and retreatment of SCA 
aneurysms which are currently the major drawbacks associated with primary coiling when compared with surgical treatment. It 
remains to be shown if use of these latest techniques are associated with increased risk of thromboembolic events.
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█    INTRODUCTION

Superior cerebellar artery (SCA) aneurysms are rare, 
accounting for 1%–2% of all intracranial aneurysms 
(12,15). In general, SCA aneurysms have been evaluated 

within case series of posterior circulation aneurysms. Studies 
strictly focusing on SCA aneurysms are less common due 
to their low incidence (17). Surgery for posterior circulation 
aneurysms, including SCA aneurysms, is difficult because of 
narrow surgical field and proximity to the thalamoperforating 
arteries and cranial nerves. Alternatively, endovascular 
methods, which have been increasingly used in recent years 

with advanced technology and practice, have become the 
standard of care in many centres for the treatment of posterior 
circulation aneurysms.

█    MATERIAL and METHODS
Institutional case records of the cerebral aneurysms treated 
by our neurovascular team between January 2013 and June 
2018 were analysed. Patients with endovascularly treated 
SCA aneurysms were identified and retrospectively evaluated. 
SCA aneurysm was defined as a saccular aneurysm arising 
strictly at the origin of the SCA. Midbasilar aneurysms 
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extending superiorly to include the origin of the SCAs or 
large/giant basilar tip aneurysms involving the origins of 
SCAs and distal SCA aneurysms were excluded. Clinical 
and angiographic data were evaluated. Clinical information, 
including sex, age, Glascow Coma Score (GCS), and World 
Federation of Neurosurgery Score (WFNS) were collected. 
The angiographic variables included aneurysm location, 
aneurysm diameter, initial and follow-up occlusion status and 
endovascular treatment method employed. Clinical outcomes 
were evaluated based on the modified Rankin Scale (mRS). 
The Raymond–Roy classification (RR) was used to define 
angiographic outcome.

All the patients were treated by a single neurovascular team 
under general anaesthesia. Patients were preloaded with 
clopidogrel and acetyl salicylic acid (ASA), as described 
previously in the literature, unless they presented acutely 
after subarachnoid haemorrhage (14). Under systemic 
heparinisation, a triaxial catheter system was used to access 
the larger or straighter vertebral artery. If possible, primary 
coiling with or without balloon assistance was performed. 
In patients for whom coiling could not be performed, stents, 
stentrievers or flow diverters were used. During the later phase 
of the study period, tirofiban (loading dose of 10 microgram/
kg bolus and 0.15 microgram/kg/min infusion for 24–36 hours) 
was administered to some patients based on the surgeon’s 
preference. Heparinisation was discontinued at the end of the 
procedure. Patients were kept on dual anti-platelet treatment, 
evaluated clinically at 1 month and angiographically/
clinically at 4–6 months after the procedure. Clopidogrel was 
discontinued, and ASA was continued as a life-long therapy.

Patients were asked to visit for magnetic resonance 
angiography (MRA) at 3 months; for cerebral angiography 
(DSA) after 6 months; and annually for MRA.

█    RESULTS
A total of 23 patients (15 women and 8 men) were identified. 
Mean patient age was 50.6 (range: 20–78) years. Seven of the 
aneurysms were on the right and 16 were on the left side. 
Endovascular treatment was the primary treatment method 
for SCA aneurysms during the study period. No patients with 
SCA aneurysms were referred for surgical treatment of their 
aneurysms. Thirteen patients had a single SCA aneurysm, 
whereas 10 had multiple aneurysms. In patients with multiple 
aneurysms, the SCA aneurysm was accompanied with basilar 
apex, P1 segment, middle cerebral artery (MCA) bifurcation, 
internal carotid artery (ICA), MCA M1 segment, posterior 
communicating artery, and V4 segment aneurysms. The mean 
diameter of the SCA aneurysms was 6.4 mm and ranged from 
3 to 13 mm.

Twelve patients presented with subarachnoid haemorrhage 
(SAH) (52%). In these cases, the GCS was 15 in 3; 14 in 1; 
13 in 2; 12 in 2; 8 in 1; 7 in 2 and 4 in 1 patient. The WFNS 
scores of these cases were 1 (4 patients), 2 (4 patients), 4 (3 
patients) and 5 (1 patient). One patient with a preoperative 
GCS score of 7 and a WFNS score of 4 was discharged with a 
mRS score of 3. The mRS score for the other 20 patients was 
0. Two patients died during the study period.

One patient developed an aneurysm rupture during coiling; 
however, bleeding ceased promptly with the continuation 
of coiling, and the patient was discharged without clinical 
sequel despite hydrocephalus and cranial nerve paresis 
at the postoperative period; these were managed without 
adverse consequences. One patient had a low clinical GCS 
score at admission, showed no clinical improvement after 
the intervention and subsequently died. In another patient, 
the neurological status worsened due to severe vasospasm 
after the procedure, and the patient died 1 week after the 
intervention. No ischaemic events were observed due to 
perforating artery injury during the postoperative period. 
During the postoperative follow-up, 1 patient developed a 
small occipital infarct 2 months after the procedure. The 
patient had inadvertently discontinued anti-aggregation  the 
third day of treatment against our medical advice. This was 
associated with a minor visual field defect. This patient did 
not mention any clinical deficit and was leading a normal life 
as of the last clinical follow-up. Hydrocephalus developed in 2 
patients presenting with SAH; both patients were treated with 
ventriculostomy and ventriculoperitoneal shunt placement. 
Clinical and imaging features of the patients are summarized 
in Table I, case examples are given in Figures 1A, B; 2A-D; 
3A-D.

Nineteen patients were followed-up angiographically for an 
average duration of 15.3 months. The acceptable occlusion 
rate (RR1 and RR2) was 89.4% (11 RR-1, 6 RR-2 and 2 
RR-3 occlusions). One patient was treated with staged 
coiling followed by flow diversion. One patient underwent 
recanalisation of the aneurysm during follow-up (5%).

█    DISCUSSION
In the present study, the clinical and radiological results of 
ruptured and unruptured SCA aneurysms that were treated 
with several endovascular methods were discussed.

Limited clinical data are available regarding the treatment of 
SCA aneurysms; few endovascular studies are reported in 
the literature. Further data on the endovascular treatment of 
SCA aneurysms is warranted, particularly because most of 
the existing data on SCA aneurysm treatment relates to either 
surgical or conventional endovascular treatment, disregarding 
the recent technical advances in the endovascular treatment 
of aneurysms (7,11).

Endovascular treatment options for SCA aneurysms include 
primary coiling with or without a balloon, stent-assisted 
coiling (SAC), flow diverter (FD) placement and parent artery 
occlusion. Kim and colleagues reported on 53 patients with 
SCA aneurysms wherein 48 were treated with primary coiling 
and only 5 were treated with SAC. They reported a prevalence 
of 37.7% for RR-1 occlusion, 47.2% for RR-2 occlusion and 
15.1% for residual aneurysms. There was no morbidity or 
mortality in this series (10). In another study by Peluso et al. 
that describes endovascular treatment of 34 SCA aneurysms; 
4 aneurysms were treated with balloon assisted coiling, 1 
with parent artery occlusion and 29 with primary coiling. 
They achieved 90%–100% occlusion rate in 32 patients 
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and 80% in 2 patients. One patient who underwent balloon 
assisted coiling died due to a procedural perforation and 
another experienced ischaemia that resulted in morbidity (15). 
Among the 49 patients studied by Velioglu and colleagues, 
47 underwent primary coiling, 2 with distal SCAs underwent 
parent artery occlusion with liquid embolic agents and died 
after the procedure. The GOS score of 42 patients was 5, 
whereas that of the other 5 patients was 4. Of the 40 patients 
who were followed up, 6 had aneurysm remnants and 34 had 

complete occlusion (19). Previous studies have reported a 
retreatment rate of 10%–25% for SCA aneurysms (9,13,19).

In our cohort, the overall mortality was 10%, whereas the 
procedure-related mortality and permanent morbidity were 
0%. On follow-up, a residual aneurysm was noted in 8% of 
the patients. This is consistent with the findings reported in 
previous reports on the surgical treatment of SCA aneurysms; 
Rodriguez-Hernandez et al. reported 7% residual aneurysm 

Tablo I: Pre-Procedural Findings of the Patients, the Treatment Choices and Results of the Patients

Patient Age   Sex GCS 
Score

WFNS 
Grade

Aneurysm 
side and 
diameter

Associated 
aneurysm Treatment Outcome 

mRS
Raymond 

score FU

1 67 F 13 2 L, 3 mm BA, Left PCA SAC (Atlas*) Exitus - Ext

2 51 M 7 4 R, 13 mm  - PC 3 2 8m

3 52 M 13 2 R, 3 mm Right MCA PC 0 1 5m

4 45 F UB UB R, 5 mm - SAC (Atlas*) 0 1 19m

5 63 M 15 1 L, 4 mm - PC 0 2 6m

6 51 M 14 1 R, 6 mm  - PC 0 3A 22m

7 53 M 7 4 R, 5 mm  - PC Exitus - Ext

8 78 F UB UB L, 10 mm  - Telescopic Stent
(Leo baby**+Atlas*) 0 3A 3m

9 51 F UB UB L, 4 mm - PC 0 1 17m

10 62 M UB UB L, 5 mm - RSAC 0 1 26m

11 28 M 15 1 L, 5.5 mm  Left ICA PC 0 1 3m

12 20 F 15 1 L, 13 mm  - PC+RSAC+FD+stent 
(Silk***+ Leo baby**) 0 2 9m

13 62 F 4 5 R, 4mm Bilat ICA, BA PC 0 1 24m

14 30 M UB UB R, 3 mm Bilat P1 SAC (Atlas*) 0 1 7m

15 51 F UB UB L, 3 mm Left PCoM FD (Silk***) 0 1 17m

16 51 F UB UB L, 8 mm Left M1, ICA  SAC (Leo baby**) 0 2 28m

17 50 F UB UB L, 4mm Right MCA, 
ICA

SAC (initial trial of 
RSAC) (Leo baby**) 0 1 6m

18 25 F UB UB L, 7 mm - PC 0 2 33m

19 64 F UB UB L, 9 mm - PC 0 1 45m

20  42 F 12  2 L, 9 mm - PC 0 - N/A

21 62 F UB UB L, 11 mm - Ystent+coil (Atlas*) 0 1 10m

22 64 F 12 2 L, 5 mm Left ICA PC 0 - N/A

23 42  F 8 4 L, 9 mm Right ICA, 
Bilat V4 PC 0 2 3m

Abbreviations: SAC: Stent asisted coiling, RSAC: Retriever stent asisted coil, FD: Flow diverter, UB: Unbleed, BA: Basilar artery, ICA: Internal 
carotid artery, PCA: Posterior cerebral artery, MCA: Middle cerebral artery, PCoM: Posterior communicating artery, F: Female, M: Male, PC: 
Primary coilling, R: Right, L: Left, N/A: Not avaliable, m: months.
*Stryker Neurovascular, Fremont, USA; **Balt Extrusion, Montmorency, France; ***Balt Extrusion, Montmorency, France.
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than the former endovascular series. In fact, the results are 
comparable with the surgical results. The most likely reason 
for this outcome is the use of stents and FDs in our series.

The rate of retreatment in the cases with stented aneurysms 
that were followed up was 0%, and the rate of angiographically 
stable, small aneurysm neck remnants in SAC was 20%. 
This was expected, considering the low rate of embolisation 

rate, whereas Patra et al. found 11% residual aneurysms 
(13,16). In terms of safety, our results are similar to the 
endovascular series mentioned above and to the surgical 
series reported by experienced surgeons. For example, 
Rodríguez-Hernández et al. operated on 63 patients with 
SCA aneurysms and reported 4.8% mortality and permanent 
morbidity (16). However, with a 5% rate noted for mid-term 
recanalisations, our study showed better treatment durability 

Figure 1: Three dimensional (3D) 
image of the right superior cerebellar 
artery aneurysm reconstructed from 
DSA (A) (Patient 4). Aneurysm was 
treated with stent assisted coiling 
using the new generation Neuroform 
Atlas stent (B).

Figure 2: Three dimensional (3D) 
image of the left superior cerebellar 
artery aneurysm reconstructed from 
DSA (A) (Patient 12) which was 
treated with primary coiling at the 
initial session (B). Residual aneurysm 
was treated with a flow diverter and 
conventional stent deployment (C). 
Postoperative AP digital subtraction 
image  demonstrated occlusion of the 
aneurysm (D).  

A B

A B

C D
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SCA aneurysms are similar to middle cerebral aneurysms 
in many ways. Both are located in perforator-rich areas and 
commonly present with a tortuous and small side branch. The 
use of FDs as the primary treatment for these aneurysms ap-
pears challenging due to rich perforators of the basilar artery 
and proximity to the SCA origin. The difficulties that are com-
monly encountered in the endovascular treatment of middle 
cerebral aneurysms are expected to occur in the treatment 
of SCA aneurysms as well (6,18). We believe that adopting 
the latest endovascular techniques for the treatment of SCA 
aneurysms will increase the success rate of endovascular 
treatment in the immediate post-procedure period and in 
the long term. However, this involves both, advantages and 
disadvantages. It appears that in a non-selected population 
of SCA aneurysms, the utilisation of endovascular methods 
yields angiographic results similar to those of surgery. Though 
it is not the major aim of the present study, a potential exists 
for thromboembolic events periprocedurally for almost every 
endovascular treatment or during follow-up due to the use of 
permanent intra-arterial scaffolds.

█    CONCLUSION
We present a unique series of SCA aneurysms treated using 
the latest endovascular techniques. Lower rates of aneurysm 
occlusion and risk of recanalisation for SCA aneurysms 
were noted with the use of endovascular methods for SCA 
aneurysms. It remains to be determined whether the use of 
these newer techniques is associated with an increased risk 
of thromboembolic events.

of recurrent aneurysms with the latest generation of mini 
intracranial stents in distal bifurcation aneurysms (1,3,5). 
Moreover, the rate of obliteration for the 3 aneurysms managed 
using flow diversion (1 with telescopic stenting and 2 with 
FDs) is also concordant with the lower rates of total occlusion 
following flow diversion for bifurcation aneurysms (18). Flow 
diversion was performed only for aneurysms considered to 
be poor candidates for optimal coiling because of a higher 
risk of residual aneurysms, slightly increasing the overall risk 
of residual aneurysms. However, this resulted in a higher 
success rate because it enabled endovascular treatment of 
SCA aneurysms in this unselected group of SCA aneurysms.

Several reports have described the endovascular treatment 
of SCA aneurysms using the new generation intracranial 
mini stents within the context of endovascular treatment of 
all intracranial aneurysms without specifically referring to 
the challenges faced in the treatment of SCA aneurysms 
(2,18,21). Moreover, a recent meta-analysis on flow diversion 
in all intracranial aneurysms mentions that only about 7 SCA 
aneurysms were treated using this method (20). There are only 
2 detailed descriptions in the literature about flow diversion 
for saccular SCA aneurysms (4,8). Finally, to our knowledge, 
there are no reports on the treatment of these aneurysms 
with dual SAC using new generation intracranial stents or on 
the use of stentriever-assisted coiling in the literature. Thus, 
we believe that this is the only report on the endovascular 
treatment of SCA aneurysms with a comprehensive coverage 
of the currently available endovascular techniques.

Figure 3: Preoperative anteroposterior 
DSA (A) (Patient 2), and three 
dimensional (3D) reconstructed image 
(B) show a right superior cerebellar 
artery aneurysm. Perioperative (C), 
and postoperative anteroposterior (D) 
DSA image show completely occluded 
aneurysm after primary coiling.

A B

C D
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