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study that analyzed the predicting factors of clinical outcome13). 
We experienced 20 patients for PICA aneurysms with sub-
arachnoid hemorrhage (SAH). And so, we investigated the clin-
ical outcomes after surgery and endovascular treatment and 
tried to find the predicting factors affecting the outcomes for 
ruptured PICA aneurysms.

MATERIALS AND METHODS

Patient populations
Between April 1996 and December 2010, 1960 intracranial 

aneurysms were treated at our institution. Among them, we 
retrospectively reviewed 20 patients of PICA aneurysms with 
SAH, of which there were 18 females and 2 males with a mean 
age of 55.9 (range 42-86 years). In our study, all aneurysms were 
included except fusiform and dissecting aneurysms. Among 
them, eleven cases were treated with surgical clipping and 9 
cases were treated with endovascular treatment. Patients’ data 
include age, sex, side and location of aneurysm, initial Hunt-
Hess (H-H) grade, procedure-related complications, follow-up 
duration, and Glasgow Outcome Scale (GOS) at last follow-up 
visit. According to GOS, we categorized the two groups into 
good (GOS 4 and 5) and poor (GOS 1-3) for the statistical anal-

INTRODUCTION

In view of location, posterior inferior cerebellar artery (PICA) 
aneurysms are reported to most frequently occur in the region 
where PICA originates in the vertebral artery (VA)8,12). When 
surgical clipping is performed, there are some risks of neuro-
logical complications because of the intimate anatomical rela-
tionships of the proximal PICA to the brain stem and lower 
cranial nerves2,4,11). Because of difficulty in general anesthesia 
due to poor general condition, recent advancement in endovas-
cular surgery, and difficulties related with surgery, endovascular 
treatment is being used as a primary or alternative method for 
treating these aneurysms3,6). 

For ruptured or unruptured PICA aneurysms, in our knowl-
edge, many authors2,4,7,8,14,15) reported the clinical outcomes of 
surgery or endovascular treatment, but there was only one 
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patients had the left-sided PICA aneurysms. Twelve patients 
had good initial H-H grade and 8 patients had poor grade. One 
patient presented with H-H grade 2, but H-H grade aggravated 
to grade 4 due to re-bleeding. This patient was included in poor 
H-H grade group. Thirteen of 20 (65.0%) patients in this study 
had good GOS at last follow-up visit. Ten (83.3%) of 12 patients 
who presented with a good H-H grade had good outcomes at 
the last follow-up visit. However, only three (37.5%) of 8 patients 
with poor H-H grade had good outcomes. According to acute 
hydrocephalus, twelve (60%) of 20 patients had acute hydro-
cephalus. External ventricular drainage (EVD) was performed 
in all patients. Among them, four (33.3%) patients underwent 
ventriculo-peritoneal shunt. 

Six (30.0%) patients with ruptured PICA aneurysms died. 
There was no procedure-related mortality. Complications in-
cluded one ventriculitis that occurred after EVD, 4 patients with 
hospital acquired pneumonia and sepsis, and 1 patient with in-
ternal carotid artery (ICA) territory infarction secondary to va-
sospasm.

 Surgical clipping
We achieved the complete clipping in all cases without neck 

remnant. The mean age of surgical clipping group was 53.7±11.7 
(range 42-86 years). There were two (18.2%) male and 9 (81.8%) 
female. Six (54.5%) patients presented with good initial H-H 
grade and 5 (45.5%) patients presented with poor H-H grade. 
Eight patients in the surgically-treated group developed acute 
hydrocephalus. All of these patients required the emergent EVD. 
One (No. 2) patient presented with SAH and acute hydroceph-
alus. After the emergent EVD, trans-femoral cerebral angiogra-
phy showed the ruptured PICA aneurysm in the anterior-med-
ullary segment. Because of very wide-necked aneurysm, surgical 
clipping was achieved. The ventriculo-peritoneal shunt was 
done for obstructive hydrocephalus (Fig. 1). According to clini-
cal outcomes, eight (72.7%) patients showed good outcomes 
and 3 (27.3%) patients had poor outcomes. Procedure-related 
complications occurred in two patients, such as 1 swallowing 
difficulty and 1 vocal cord palsy. The summary of eleven pa-
tients with PICA aneurysms who were treated with surgical 
clipping was listed in Table 1.

Endovascular treatment
In the initial result of coil embolization, there were seven 

(77.8%) aneurysms with complete occlusion, 1 (11.1%) aneu-
rysm with neck remnant, and 1 (11.1%) residual aneurysm. 
The mean age of endovascular coiling group was 58.6±12.5 
(range 42-76 years). All patients were female. Six (66.7%) pa-
tients presented with good H-H grade and 3 (33.3%) patients 
presented with poor H-H grade. Five (55.6%) of all patients 
showed good outcomes and 4 (44.4%) showed poor outcomes 
at the last follow-up visit. As mentioned above, one-year follow-
up angiography was performed in only 2 patients (No. 3 and 5). 
Initially, one (No. 3) patient had residual aneurysm after coiling 

ysis. Mean follow-up duration was an average of 14.8 months 
after the treatment (range 7 days-36 months).

Surgical procedures 
All surgeries were performed by two surgeons at two insti-

tutes. We performed the surgical clipping for eight (72.7%) an-
terior medullary segment aneurysms via a lateral suboccipital 
craniotomy (LSOC). Once the dura has been opened, the prox-
imal intradural VA was located immediately medial to cranial 
nerve XI. Sharp dissection along the VA was performed until 
the distal VA was exposed. The PICA origin was then found near 
the origin of cranial nerve XII. After proximal and distal con-
trol has been achieved, the aneurysm neck was identified using 
sharp dissection and was finally clipped. Two (18.2%) patients 
with anterior medullary segment aneurysm underwent surgical 
clipping via far lateral suboccipital craniotomy (FLSOC) for the 
deep location and 1 (9.1%) televelo-tonsillar segment aneurysm 
was clipped via midline suboccipital approach.

Endovascular procedures
The endovascular procedure was performed in the neuroan-

giography suite equipped with a biplane, high-resolution angi-
ography system. For all patients, the procedure was performed 
under general anesthesia. Intra-arterial heparin was infused 
only after packing the aneurysm dome. A 6-F guiding catheter 
system (Envoy, Codman Neurovascular and Chaperon, Mi-
crovention) was introduced via the femoral artery. Variable mi-
crocatheters (Excelsior SL-10, Boston Scientific; Echelon-10, 
ev3; Prowler 14, Codman Neurovascular) and micro-guidewires 
(Synchro, Boston Scientific; Agility-14, Codman Neurovascu-
lar; Traxcess-014, Microvention) were used and then placed 
into the aneurysm with conventional technique. Seven aneu-
rysms (77.8%) were located in the anterior medullary segment; 
one (11.1%), in the lateral medullary segment; and one (11.1%) 
in the tonsilo-medullary segment. All of the coiling was per-
formed using bare platinum coil. We achieved the coil emboli-
zation using 8 (88.9%) single and 1 (11.1%) double-catheter 
techniques. Usually, follow-up angiography was performed at 
1-year visit; however, follow-up angiography at 1 year was done 
in only two (22.2%) patient because of follow-up loss and short 
follow-up duration.

Statistical analysis
Statistical analysis was performed with commercial software 

(SPSS, version 15.0, SPSS Inc.). The Fisher’s exact test was used 
for the statistical significance of the independent variables be-
tween two groups according to clinical outcomes. A p-value of 
less than 0.05 was considered significant. 

RESULTS

Eleven patients underwent surgical clipping and nine were 
treated with endovascular coiling. Thirteen of the 20 (65.0%) 
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Analysis between variable factors and clinical outcome
As mentioned above, we classified the two groups to good 

(GOS 4 and 5) and poor (GOS 1-3). First, there were the statis-
tical significance between good initial H-H grade and good 
GOS (p=0.05). And then, the presence of acute hydrocephalus 
and poor GOS was associated with statistical significance 
(p=0.01) in our study. In the analysis of clinical outcomes ac-
cording to treatment modalities, however, there was no statisti-
cal significance between surgical clipping and coiling (p=0.37). 

(Fig. 2) and another (No. 5) patient showed complete occlusion. 
One residual aneurysm after initial coiling showed no contrast 
filling in the aneurysm dome at 1-year follow-up angiography. 
One completely coiled aneurysm revealed no recanalization. 
But, follow-up angiography was not available in seven patients. 
The procedure-related complication occurred in one patient; 
because of embolic infarction, right ankle drop developed. The 
summary of nine patients with PICA aneurysms who under-
went the coiling is listed in Table 2.

Fig. 1. Surgery case 2. A 86-year-old female presents with subarachnoid hemorrhage due to a ruptured posterior inferior cerebellar artery (PICA) aneu-
rysm of the anterior-medullary segment. A : Preoperative CT shows the hemorrhages in the pre-pontine and basal cistern, and in the fourth ventricle. B : 
Preoperative 3D-angiogram reveals a wide-necked PICA aneurysm with daughter sac in the anterior-medullary segment. C : Three-week follow-up CT 
shows obstructive hydrocephalus. D : One-year follow-up CT demonstrates decrease of the ventricle size after the ventriculo-peritoneal shunt.

Fig. 2. Coiling case 3. A 46-year-old female presents with subarachnoid hemorrhage due to a ruptured posterior inferior cerebellar artery (PICA) aneu-
rysm which is located in the tonsillo-medullary segment. A : Preoperative CT shows a hemorrhages in the peri-mesencephalic and both Sylvian fissure, 
and acute hydrocephalus. B : Lateral projection angiogram shows the aneurysm arising from the tonsillo-medullary segment of the left PICA. C : Post-
coiling angiogram shows slight contrast filling within the body of aneurysm due to kick back of microcatheter. D : Fourteen-month follow-up angiogram 
demonstrates no contrast filling within the aneurysm.
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Table 1. The summary of clinical characteristics and results of 11 patients treated with surgical clipping for ruptured saccular PICA aneurysms

No. Age/Sex H-H 
grade Side Location GOS Acute 

HDC
F/U duration 

(mos)
Procedure related 

complication
Reasons for 

death
1 45/F 5 Rt Telovelo-tonsilar 4 + 24
2 86/F 4 Lt Anterior medullary 4 + 33
3 48/F 4 Lt Anterior medullary 4 + 12 Swallowing difficulty
4 51/M 3 Rt Anterior medullary 1 +      0.3 Pneumonia
5 60/F 3 Lt Anterior medullary 4 + 36
6 51/F 3 Lt Anterior medullary 4 -   9 Vocal cord palsy
7 42/F 3 Lt Anterior medullary 5 - 12
8 52/F 4 Lt Anterior medullary 1 +      0.8 Vasospasm
9 54/F 3 Rt Anterior medullary 5 - 12

10 48/M 4 Lt Anterior medullary 1 +   0 Ventriculitis
11 54/F 3 Lt Anterior medullary 5 - 14

H-H : Hunt-Hess, GOS : Glasgow Outcome Scale, HDC : hydrocephalus, F/U : follow-up, mos : months, PICA : posterior inferior cerebellar artery
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developed in 25 (48%) patients. Of these 
52 patients, 47 (79.8%) showed good 
outcome and 1 (1.9%) died due to car-
diomyopathy during the period of follow 
up2). Another author reported that 24 
(88.9%) of the 27 patients showed good 
outcome and 2 (7.4%) died at 1-year fol-
low up7). Concerning the postoperative 
complication, it was reported that of the 
19 patients who were treated with FL-
SOC, 2 (11%) developed transient vocal 
cord palsy4). In our study, eight (72.7%) 
of the 11 patients treated with surgical 
clipping showed good outcome while 3 
died (1 pneumonia; 1 ICA territory in-
farction caused by vasospasm; and 1 
ventriculitis after EVD).

Clinical outcomes of endovascular treatment
In the study with 23 patients treated with endovascular em-

bolization of ruptured PICA aneurysm, one author reported 
that procedure-related morbidity was 13% with no procedure-
related death and good outcome in 86.4%14). Another author 
reported that endovascular coiling of posterior circulation an-
eurysm including PICA aneurysm in 8 patients had good out-
come in 77.2%15). In our study, 5 (55.6%) of the 9 patients who 
received endovascular coiling showed good outcome. There 
was procedure-related morbidity in 1 patient. This patient suf-
fered right-sided leg weakness after the procedure because of 
thrombo-embolism. The relatively lower rate of good outcome 
than initial good H-H grade resulted from hospital-acquired 
pneumonia and sepsis of 3 (33.3%) patients.

Predicting factors of clinical outcome
As mentioned above, we divided the patients into two groups; 

good (H-H grade 1-3) and poor (H-H grade 4 and 5) outcomes. 
We analyzed the clinical outcomes for the statistical significance 
according to variable factors, such as the presence of acute hy-

Univariate analysis of clinical outcome according to variable 
factors was listed in Table 3.

DISCUSSION
 
PICA aneurysms are more prevalent in female than in male, 

and 80% or more of such cases have been reported to occur in 
the anterior medullary segment2,4,11,13). Also, according to the 
side, the left VA is under more hemodynamic stress than the 
right VA because it is larger and carries more blood than the 
right VA does. Because of this, PICA aneurysm is reported to 
be more prevalent in the left than in the right side1,5). In our study, 
PICA aneurysms occurred more frequently in female (90.0%), 
and most frequently occurring in the anterior medullary seg-
ment (85.0%). They developed in the left side (65.0%, 13 pa-
tients) than in the right side (35.0%, 7 patients).

Clinical outcomes of surgical clipping
There were a variety of literatures on the clinical outcomes and 

complications with ruptured PICA aneurysms. It was reported 
that of the 52 patients who underwent surgery via LSOC, LCNP 

Table 2. The summary of clinical characteristics of 9 patients treated with endovascular treatment for ruptured saccular PICA aneurysms

No. Age/Sex H-H 
grade Side Location Initial occlu-

sion grade GOS Acute 
HDC

F/U duration 
(mos) method procedure related 

complication
Reasons for 

death
1 76/F 4 Rt Anterior medullary CO 1 +      0.3 SC Pneumonia
2 42/F 2 Rt Anterior medullary CO 5 + 36 DC
3 46/F 3 Lt Tonsillomedullary RA 5 - 18 SC

4 51/F 3 Lt Anterior medullary CO 4 - 24 SC Thrombo-
embolism

5 58/F 2 Rt Anterior medullary CO 5 - 36 SC
6 72/F 2 Lt Anterior medullary CO 1 +   1 SC Pneumonia
7 73/F 4 Rt Lateral medullary NR 3 +   5 SC
8 68/F 4 Lt Anterior medullary CO 1 +      0.5 SC Pneumonia
9 57/F 3 Lt Anterior medullary CO 4 - 20 SC

H-H : Hunt-Hess, GOS : Glasgow Outcome Scale, HDC : hydrocephalus, F/U : follow-up, mos : months, CO : complete occlusion, RA : residual aneurysm, NR : neck 
remnant, SC : single catheter, DC : double catheter,  PICA : posterior inferior cerebellar artery

Table 3. Univariate analysis of Glasgow Outcome Scale (GOS) according to variable clinical charac-
teristics

Variables
GOS

Poor (0-3) Good (4-5) p-value
Age
    >70 3 (42.9%) 1 (7.7%)   0.101
    <70 4 (57.1%) 12 (92.3%)
Initial H-H grade
    Poor 5 (71.4%)   3 (23.1%) 0.05
    Good 2 (28.6%) 10 (76.9%)
Treatment modalities
    Clipping 3 (42.9%)   8 (61.5%) 0.37
    Coiling 4 (57.1%)   5 (38.5%)
Acute hydrocephalus
    Yes 7 (100%)   5 (38.5%) 0.01
    No 0 (0%)   8 (61.5%)
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dence of acute obstructive hydrocephalus and poor clinical pre-
sentation in the ruptured PICA aneurysms. Also, the statistical 
correlations was seen between initial poor H-H grade, the pres-
ence of acute hydrocephalus and clinical outcomes.  Also, initial 
H-H grade and acute hydrocephalus may affect more on the 
clinical outcome than treatment modalities in the ruptured 
PICA aneurysms.

References
1. Akar ZC, Dujovny M, Slavin KV, Gomez-Tortosa E, Ausman JI : Micro-

surgical anatomy of the intracranial part of the vertebral artery. Neurol 
Res 16 : 171-180, 1994

2. Al-khayat H, Al-Khayat H, Beshay J, Manner D, White J : Vertebral ar-
tery-posteroinferior cerebellar artery aneurysms : clinical and lower 
cranial nerve outcomes in 52 patients. Neurosurgery 56 : 2-10; discus-
sion 11, 2005

3. Coert BA, Chang SD, Do HM, Marks MP, Steinberg GK : Surgical and 
endovascular management of symptomatic posterior circulation fusi-
form aneurysms. J Neurosurg 106 : 855-865, 2007

4. D’Ambrosio AL, Kreiter KT, Bush CA, Sciacca RR, Mayer SA, Solomon 
RA, et al. : Far lateral suboccipital approach for the treatment of proxi-
mal posteroinferior cerebellar artery aneurysms : surgical results and 
long-term outcome. Neurosurgery 55 : 39-50; discussion 50-54, 2004

5. Dinichert A, Rüfenacht DA, Tribolet N : Dissecting aneurysms of the 
posterior inferior cerebellar artery : report of four cases and review of 
the literature. J Clin Neurosci 7 : 515-520, 2000

6. Guglielmi G, Viñuela F, Duckwiler G, Dion J, Lylyk P, Berenstein A, et 
al. : Endovascular treatment of posterior circulation aneurysms by elec-
trothrombosis using electrically detachable coils. J Neurosurg 77 : 515-
524, 1992

7. Horowitz M, Kopitnik T, Landreneau F, Krummerman J, Batjer HH, 
Thomas G, et al. : Posteroinferior cerebellar artery aneurysms : surgical 
results for 38 patients. Neurosurgery 43 : 1026-1032, 1998

8. Hudgins RJ, Day AL, Quisling RG, Rhoton AL Jr, Sypert GW, Garcia-
Bengochea F : Aneurysms of the posterior inferior cerebellar artery. A 
clinical and anatomical analysis. J Neurosurg 58 : 381-387, 1983

9. Hunt WE, Hess RM : Surgical risk as related to time of intervention in 
the repair of intracranial aneurysms. J Neurosurg 28 : 14-20, 1968

10. Kallmes DF, Lanzino G, Dix JE, Dion JE, Do H, Woodcock RJ, et al. : 
Patterns of hemorrhage with ruptured posterior inferior cerebellar ar-
tery aneurysms : CT findings in 44 cases. AJR Am J Roentgenol 169 : 
1169-1171, 1997

11. Lewis SB, Chang DJ, Peace DA, Lafrentz PJ, Day AL : Distal posterior 
inferior cerebellar artery aneurysms : clinical features and management. 
J Neurosurg 97 : 756-766, 2002

12. Lister JR, Rhoton AL Jr, Matsushima T, Peace DA : Microsurgical anato-
my of the posterior inferior cerebellar artery. Neurosurgery 10 : 170-
199, 1982

13. Mericle RA, Reig AS, Burry MV, Eskioglu E, Firment CS, Santra S : En-
dovascular surgery for proximal posterior inferior cerebellar artery an-
eurysms : an analysis of Glasgow Outcome Score by Hunt-Hess grades. 
Neurosurgery 58 : 619-625; discussion 619-625, 2006

14. Mukonoweshuro W, Laitt RD, Hughes DG : Endovascular treatment of 
PICA aneurysms. Neuroradiology 45 : 188-192, 2003

15. Ogilvy CS, Hoh BL, Singer RJ, Putman CM : Clinical and radiographic 
outcome in the management of posterior circulation aneurysms by use 
of direct surgical or endovascular techniques. Neurosurgery 51 : 14-21; 
discussion 21-22, 2002

drocephalus, treatment modalities, H-H grade and age. It was 
reported that ruptured PICA aneurysms present a unique char-
acteristic of intracranial aneurysms because of a higher inci-
dence of intraventricular hemorrhage and secondary hydro-
cephalus compared with other intracranial aneurysms10). It was 
reported that EVD was performed prior to treatment of PICA 
aneurysm rupture using endovascular coiling in all patients13). 
Tweleve (60%) of 20 patients had acute hydrocephalus at the 
initial presentation. According to the presence of acute hydro-
cephalus, there was statistical significance. All of seven patients 
with poor outcomes, they had the acute hydrocephalus. On the 
other hand, in 8 (61.5%) of 13 patients with good outcomes, 
they had no acute hydrocephalus. We immediately tried to per-
form EVD when a slight change of acute hydrocephalus was 
seen in CT findings. We tried to maintain EVD in the period of 
vasospasm and we determined the ventriculo-peritoneal shunt 
if intracranial pressure was increased and the patient showed 
the neurological deterioration after removal of EVD. 

Since the first description of the H-H grade as the clinical 
grading system in 19689), the patients with good H-H grades 
are thought to be a high potential for good outcomes, and pa-
tients with poor H-H grades are thought to be a high potential 
for poor outcomes. For ruptured PICA aneurysms, they also 
had the potential risk for clinical outcomes. In five (62.5%) of 8 
patients with poor grades at the initial presentation, they had 
poor outcomes but in ten (83.3%) of 12 patients who had good 
grades, they had good outcomes. This factor showed the statis-
tical significance in our study. 

Another factor predicting the poor outcome was the patient’s 
age at symptom presentation. Twelve (75%) of 16 patients be-
low 70 years had good outcomes but 3 (75%) of 4 patients over 
70 years had poor outcomes. The mean age of patients who had 
good outcomes was 52.9±11.4 years (n=13) but that of patients 
with poor outcomes was 61.4±11.9 years (n=7). Although this 
factor showed no statistical significance in our study, maybe be-
cause of the small series of patients with ruptured PICA aneu-
rysms, a higher percentage of patients below 70 years showed 
the good clinical outcomes. 

And so, in our study, the presence of acute hydrocephalus 
and poor H-H grade was correlated with poor outcomes. How-
ever, age and treatment modalities showed no statistical corre-
lation of clinical outcomes. The summary of univariate analysis 
of GOS according to variable clinical characteristics was listed 
in Table 3. Unfortunately, our data had the limitations with no 
available multivariate analysis because of a small volume of the 
patients.

CONCLUSION

Our study results indicate that aggressive and early treatment 
may overcome the initial poor presentation despite higher inci-


