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OBJect Subarachnoid hemorrhage (SAH) from ruptured posterior inferior cerebellar artery (PICA) aneurysms is 
uncommon, and long-term outcome data for patients who have suffered such hemorrhages is lacking. This study in-
vestigated in-hospital and long-term clinical data from a prospective cohort of patients with SAH from ruptured PICA 
aneurysms enrolled in a randomized trial; their outcomes were compared with those of SAH patients who were treated 
for other types of ruptured intracranial aneurysms. The authors hypothesize that PICA patients fare worse than those 
with aneurysms in other locations and this difference is related to the high rate of lower cranial nerve dysfunction in PICA 
patients.
methOdS The authors analyzed data for 472 patients enrolled in the Barrow Ruptured Aneurysm Trial (BRAT) and 
retrospectively reviewed vasospasm data not collected prospectively. In the initial cohort, 57 patients were considered 
angiographically negative for aneurysmal SAH source and did not receive treatment for aneurysms, leaving 415 patients 
with aneurysmal SAH.
reSultS Of 415 patients with aneurysmal SAH, 22 (5.3%) harbored a ruptured PICA aneurysm. Eight of them had dis-
secting/fusiform-type aneurysms while 14 had saccular-type aneurysms. Nineteen PICA patients were treated with clip-
ping (1 crossover from coiling), 2 were treated with coiling, and 1 died before treatment. When comparing PICA patients 
to all other aneurysm patients in the study cohort, there were no statistically significant differences in age (mean 57.6 ± 
11.8 vs 53.9 ± 11.8 years, p = 0.17), Hunt and Hess grade median III [IQR II–IV] vs III [IQR II–III], p = 0.15), Fisher grade 
median 3 [IQR 3–3] vs 3 [IQR 3–3], p = 0.53), aneurysm size (mean 6.2 ± 3.0 vs 6.7 ± 4.0 mm, p = 0.55), radiographic 
vasospasm (53% vs 50%, p = 0.88), or clinical vasospasm (12% vs 23%, p = 0.38). PICA patients were more likely to 
have a fusiform aneurysm (36% vs 12%, p = 0.004) and had a higher incidence of lower cranial nerve dysfunction and 
higher rate of tracheostomy/percutaneous endoscopic gastrostomy placement compared with non-PICA patients (50% 
vs 16%, p < 0.001). PICA patients had a significantly higher incidence of poor outcome at discharge (91% vs 67%, p = 
0.017), 1-year follow-up (63% vs 29%, p = 0.002), and 3-year follow-up (63% vs 32%, p = 0.006).
cONcluSiONS Patients with ruptured PICA aneurysms had a similar rate of radiographic vasospasm, equivalent ad-
mission Fisher grade and Hunt and Hess scores, but poorer clinical outcomes at discharge and at 1- and 3-year follow-
up when compared with the rest of the BRAT SAH patients with ruptured aneurysms. The PICA’s location at the medulla 
and the resultant high rate of lower cranial nerve dysfunction may play a role in the poor outcome for these patients. 
Furthermore, PICA aneurysms were more likely to be fusiform than saccular, compared with non-PICA aneurysms; the 
complex nature of these aneurysms may also contribute to their poorer outcome.
http://thejns.org/doi/abs/10.3171/2014.10.JNS141079
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Aneurysms of the posterior inferior cerebellar arte
ry (PICA) are relatively rare, comprising approxi
mately 0.5%–3% of all intracranial aneurysms.10,11, 

14,15 The majority of patients with these aneurysms present 
with a subarachnoid hemorrhage (SAH), although patients 
can occasionally present with symptoms secondary to 
mass effect on the brainstem or lower cranial nerves.15 The 
location of the PICAs next to the medulla and lower cra
nial nerves can make treatment challenging, especially in 
the face of SAH.7,16 Both microsurgical and endovascular 
treatment options exist, with acceptable rates of aneurysm 
occlusion; however, longterm outcome data are lacking 
for SAH patients with ruptured PICA aneurysms.2–6,13,16 
In this study, we aim to better define the clinical nuances, 
complications, and longterm outcomes of ruptured PICA 
aneurysms in patients who were treated as part of the Bar
row Ruptured Aneurysm Trial (BRAT) and compare the 
clinical characteristics of those with ruptured PICA an
eurysms versus those with all other types of ruptured in
tracranial aneurysms.12 We hypothesize that patients with 
ruptured PICA aneurysms fare worse than those with rup
tured aneurysms in other locations and that the high rate of 
lower cranial nerve dysfunction may help to explain this 
worse outcome.

methods
patient population

Between March 2003 and January 2007, 725 patients 
with SAH were screened for inclusion as part of the 
BRAT, and 472 patients were included in analyses as part 
of that study. Of the 472 patients enrolled, 57 were consid
ered angiographically negative with no identifiable source 
for SAH and did not receive aneurysm treatment, leaving 
415 patients with aneurysmal SAH. Prospectively col
lected data included age, sex, medical comorbidities, Hunt 
and Hess grade and Fisher grade at admission, treatment 
modality (clip ligation vs coil embolization), other surgi
cal procedures, complications, and modified Rankin Scale 
(mRS) score at discharge and at the 1year and 3year fol
lowup evaluations. Angiographic and clinical vasospasm 
data, which were not collected during the study period, 
were collected retrospectively. All radiographic data were 
evaluated and interpreted by an independent neuroradiolo
gist.

treatment
All patients were admitted to the neurological intensive 

care unit (ICU) with external ventricular drainage as nec
essary. Patients were evaluated preoperatively with either 
conventional digital subtraction angiography or computed 
tomography angiography. Patients with a PICA aneurysm 
assigned to microsurgical clipping underwent a standard 
farlateral craniotomy. Saccular aneurysms were treated 
with primary clip occlusion when possible. Dissecting 
and/or distal PICA aneurysms were treated with clip re
construction, clip wrapping, or aneurysm trapping with 
bypass, as determined by the treating surgeon. Patients 
assigned to endovascular occlusion were treated with pri
mary coil occlusion without stent placement.

All patients underwent standard SAH treatment in the 

ICU, which included nimodipine and transcranial Dop
pler ultrasound screening. TripleH therapy (hypertension, 
hypervolemia, and hemodilution) was used at the discre
tion of the attending surgeon to manage radiographic and/
or clinical vasospasm. In the majority of cases, cerebral 
digital subtraction angiography was performed 7 days 
after ictus to screen for vasospasm. The presence of ra
diographic vasospasm was determined by an independent 
neuroradiologist. Clinical vasospasm was defined either as 
patients having neurological examination findings concur
rent with radiographic vasospasm in the affected vascu
lar territory or as patients having radiographic vasospasm 
who responded to tripleH therapy with resolution of their 
symptoms. Once out of the vasospasm window, patients 
were weaned off their external ventricular drains when 
possible. Ventriculoperitoneal shunts were placed for pa
tients with persistent communicating hydrocephalus. Pa
tients with persistent lower cranial nerve dysfunction and 
swallowing difficulties were treated with percutaneous 
tracheostomy and/or percutaneous endoscopic gastros
tomy (PEG) tube placement.

Statistical analysis
Data from patients with PICA and nonPICA aneu

rysms were compared using independent ttests for patient 
age and aneurysm size, chisquare test for sex, Mann
Whitney Utest for Hunt and Hess and Fisher grades, and 
Ztest of proportions for vasospasm. An mRS score great
er than 2 was considered a poor outcome. A p value of less 
than 0.05 was considered significant.

results
Of 415 patients with aneurysmal SAH, 22 (5.3%) har

bored PICA aneurysms. Eighteen patients were assigned 
to microsurgical clipping, 3 were assigned to endovascular 
coil occlusion (1 of whom crossed over to clipping), and 
1 died before treatment assignment. Eleven patients were 
male and 11 were female. The 22 patients’ mean age (± 
SD) was 57.6 ± 11.8 years. The median admission Hunt 
and Hess grade for patients with PICA aneurysms was III 
(interquartile range [IQR] II–IV), and the median admis
sion Fisher grade was 3 (IQR 3–3). The mean aneurysm 
size was 6.2 ± 3.0 mm. A higher percentage of patients 
with PICA aneurysms were male compared with patients 
with aneurysms in other locations. In addition, patients 
with PICA aneurysms were more likely to have a dissect
ing fusiform aneurysm compared with patients with non
PICA aneurysms (36% vs 12%, respectively, p = 0.004) 
(Table 1).

Patients treated with microsurgical clipping underwent 
a standard farlateral craniotomy. The 8 patients with dis
secting fusiformtype aneurysms were treated surgically 
with a variety of techniques to secure the aneurysm: 5 
were treated with aneurysm wrapping and clip reconstruc
tion, 1 was treated with occipital artery–PICA bypass and 
aneurysm resection, and 1 was treated with aneurysm re
section and PICAPICA reimplantation. One patient had 
an SAH secondary to a dissecting PICA aneurysm that 
was proximal to a small cerebellar arteriovenous malfor
mation. This aneurysm was treated with clip reconstruc
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tion followed by arteriovenous malformation resection. 
Of the 14 patients with sacculartype aneurysms, 1 died 
before treatment, and 13 were treated with primary clip 
occlusion or coil occlusion.

In the microsurgical group, 1 patient with a dissecting
type aneurysm who was treated with clip wrapping had 
an early postoperative death. Vasospasm data were avail
able for 17 of the 22 patients with PICA aneurysms. Ra
diographic vasospasm was present in 9 patients (53%), and 
2 patients (12%) experienced clinical vasospasm. Vaso
spasm data for 212 nonPICA aneurysm patients enrolled 
in the BRAT were available for comparison: 105 (50%) of 
these patients had radiographic vasospasm, and 48 (23%) 
had clinical vasospasm. There was no statistically sig
nificant difference in the rates of radiographic or clinical 
vasospasm between PICA patients and nonPICA patients 
(Table 1).

At the time of discharge, 20 patients (91%) with rup
tured PICA aneurysms were considered to have a poor 
outcome (mRS score > 2). At 1 and 3 years after treat
ment, 3 patients were lost to followup and 12 patients 
(63%) were considered to have a poor outcome. Of the 20 
patients who were discharged from the hospital, 10 (50%) 
had both a tracheostomy and a PEG tube placed due to 
persistent lower cranial nerve dysfunction. In comparison 
with the remainder of the patients with ruptured aneu
rysms in the BRAT, patients with ruptured PICA aneu
rysms had a significantly higher chance of tracheostomy/
PEG tube placement at discharge (50% vs 16%, p < 0.001). 
Neither of the patients with a ruptured PICA aneurysm 
treated with coiling underwent tracheostomy/PEG tube 
placement. In the remainder of the BRAT cohort, however, 
there was no significant difference in the rate of trache

ostomy/PEG tube placement between those treated with 
clipping versus coiling (19.5% vs 13.5%, p = 0.22). There 
was no difference in the rate of tracheostomy/PEG place
ment between patients with proximal saccular PICA an
eurysms and those with distal dissecting type aneurysms 
(50% vs 50%). In addition, patients with ruptured PICA 
aneurysms had significantly poorer outcomes at discharge 
and at 1 and 3year followup compared with all other 
ruptured aneurysm patients (91% vs 67% at discharge, p = 
0.017; 63% vs 29% at 1 year, p = 0.002; 63% vs 32% at 3 
years, p = 0.006) (Table 2).

discussion
Ruptured PICA aneurysms, although relatively uncom

mon compared with other ruptured intracranial aneu
rysms, can be a challenging entity to treat and manage. 
The PICA can have variable anatomy in both its origin 
from the vertebral artery and its course through the lower 
cranial nerves.10,16 In addition, PICA aneurysms arise in a 
variable pattern from the parent vessel, both proximally 
and distally, and proximal PICA aneurysms are often inti
mately involved in the lower cranial nerve rootlets.

Our data suggest that patients with ruptured PICA an
eurysms have worse outcomes than patients with ruptured 
aneurysms in other locations. These outcomes were not 
explained by a difference in Fisher grade, Hunt and Hess 
grade, or vasospasm rate at admission. We hypothesized 
that the difference in outcomes was likely due to the high 
rate of lower cranial nerve dysfunction seen in these pa
tients who ultimately required tracheostomy and PEG 
tube placement. We found that PICA patients were much 
more likely to have persistent lower cranial nerve dysfunc
tion requiring intervention compared with the remainder 
of the BRAT cohort.

We also found that PICA aneurysms were more like
ly to be fusiform in nature compared with aneurysms in 
other locations. In comparison with saccular aneurysms, 
fusiform aneurysms can be much more difficult to treat. 
Because with fusiform aneurysms a length of the vessel 
is diseased, treatment often requires clip reconstruction 
of the vessel, clip wrapping of the vessel, or bypass. The 
increased operating time as well as the unstable nature of 
these lesions certainly may help to explain the worse out
come seen in our PICA aneurysm cohort.

This high rate of lower cranial nerve dysfunction is 
likely multifactorial. The large clot burden often seen 

TABLE 1. Patient and aneurysm characteristics stratified by 
aneurysm location

Characteristic
PICA  

Aneurysm
Non-PICA  
Aneurysm p Value

No. of pts 22 393
Mean age in yrs (± SD) 57.6 ± 11.8 53.9 ± 11.8 0.17
No. of female pts  11 (50%) 282 (72%) 0.03
Hunt & Hess grade 0.15
  Median III III
  Interquartile range II–IV II–III
Fisher grade (range) 0.53
  Median 3 3
  Interquartile range 3–3 3–3
Mean aneurysm size in mm  
  (± SD)

6.2 ± 3.0 6.7 ± 4.0 0.55

No. of dissecting fusiform  
  aneurysms

8 (36%) 47 (12%) 0.004

No. of pts w/ radiographic  
  vasospasm*

9/17 (53%) 105/212 (50%) 0.88

No. of pts w/ clinical vaso- 
  spasm*

2/17 (12%) 48/212 (23%) 0.38

Pts = patients.
*  Vasospasm data were available for 17 patients with PICA aneurysms and 
212 patients with non-PICA aneurysms.

taBle 2. patient outcomes

Characteristic
Pts w/ PICA  
Aneurysms

Pts w/ Non-PICA  
Aneurysms p Value*

Tracheostomy &/or PEG  
  tube placement†

10/20 (50%) 59/379 (16%) <0.001

Poor outcome at dis- 
  charge‡

20/22 (91%) 259/389 (67%) 0.017

Poor outcome at 1 yr‡ 12/19 (63%) 99/344 (29%) 0.002
Poor outcome at 3 yrs‡ 12/19 (63%) 108/335 (32%) 0.006

*  Analyzed using the Fisher exact test.
†  Of patients discharged from the hospital.
‡  Poor outcome defined as mRS score > 2; excludes those lost to follow-up.
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at surgery compressing the brainstem and lower cranial 
nerves is likely a major factor. Open surgical treatment 
often requires some manipulation of the lower cranial 
nerves to adequately expose and clip these aneurysms. 
However, if direct surgical manipulation of the lower cra
nial nerves were a major factor, then one would expect the 
tracheostomy/PEG rate to be lower in patients with dis
secting aneurysms, which was not the case in our patient 
population. The high rate of lower cranial nerve dysfunc
tion with PICA aneurysms has been previously reported; 
Alkhayat et al. found an almost 50% rate of lower cranial 
nerve palsy in patients treated for vertebral artery and 
PICA aneurysms, with those patients having a higher rate 
of nosocomial pneumonia and longer ICU stay.1 Similarly, 
Horowitz et al. reported a 66% rate of new postsurgical 
neurological deficits in a series of 38 treated patients.9 The 
higher rate of nosocomial pneumonia and longer ICU stay 
can certainly help to explain why patients with ruptured 
PICA aneurysms would fare worse than patients with rup
tured aneurysms in other locations.

The techniques and outcomes of both microsurgical 
clipping and endovascular coiling have been described; 
however, most of the reports are retrospective in nature 
and most do not report longterm outcomes. Also, the rates 
of good outcomes and morbidity reported in the literature 
are highly variable. RodríguezHernández and Lawton re
ported their institution’s results in 50 patients with PICA 
aneurysms treated with microsurgical clipping. With a 
mean followup of 11 ± 9.9 months, 80% of patients expe
rienced a good outcome (Glasgow Outcome Scale [GOS] 
score 4 or 5). However, it is unclear how many of these 
patients with aneurysms presented with SAH.16 Mericle 
et al. reviewed 31 consecutive cases of proximal PICA 
aneurysms treated with endovascular coiling. They were 
able to achieve excellent angiographic occlusion in 97% 
of patients. With an average followup of 10 months, 68% 
of patients had good outcomes (GOS score 4 or 5). All of 
these patients presented with SAH.13 Peluso et al. also re
ported their large experience of 46 patients with PICA an
eurysms treated with endovascular coiling. They achieved 
complete or near complete angiographic occlusion in 
83% of cases but had a 19% procedural rupture rate and 
a 4.3% mortality rate. In this group, 80% of the patients 
presented with SAH, and at 6 months 35 of the 38 surviv
ing patients (92%) had a good outcome.15 Crowley et al. 
found that in a cohort of 13 patients with ruptured PICA 
aneurysms treated with endovascular coiling, 66% of pa
tients had a good outcome at last followup.6 Coert et al. 
in 2007 reviewed their experience with posterior circula
tion fusiform aneurysms treated both surgically and with 
endovascular coiling. In this study, they did not differenti
ate between PICA and vertebral artery aneurysms. They 
did find at an average follow-up of 33 months that 62% 
of the patients with PICA/vertebral artery aneurysms had 
a good outcome (GOS score 4 or 5). It was not specified 
exactly how many of the PICA/vertebral artery aneurysm 
patients presented with SAH or how many were treated 
with clipping versus coiling.5 Chalouhi et al. reviewed 
76 cases involving patients who underwent endovascular 
treatment for either proximal or distal PICA aneurysms. 
They achieved complete occlusion in only 63% of the pa

tients but had favorable outcomes in 93% of the patients 
with unruptured aneurysms and 78% of those with rup
tured aneurysms.4 Finally, Horiuchi et al. described their 
experience of 24 patients with distal PICA aneurysms; 23 
of these patients presented with SAH. Employing a vari
ety of surgical and endovascular techniques, the authors 
achieved a good outcome in 83% of patients with an un
specified length of follow-up.8

In the BRAT, 91% of patients with ruptured PICA an
eurysms had a poor outcome at discharge; however, this 
did improve to 63% at 1 and 3year followup. Our data 
certainly paint a much more pessimistic picture of the 
longterm outcome for patients with ruptured PICA an
eurysms than previously published studies. However, our 
data represent the first prospective collection of data for 
patients with ruptured PICA aneurysms and longterm 
followup.

Of important note is the fact that the randomization 
scheme failed to adequately randomize patients with rup
tured PICA aneurysms between either clipping or coiling 
in the BRAT. Only 3 patients with PICA aneurysms were 
initially assigned to the coiling group, and one of these 
patients crossed over to the clipping group, while the other 
18 were assigned to the clipping group (1 patient died be
fore treatment). The 2 patients who were treated with en
dovascular coil occlusion did fare better than the remain
der of the PICA cohort; neither required a tracheostomy 
or feeding tube and both had an mRS score of 1 at 1year 
followup. However, a direct comparison with microsurgi
cal clipping is inappropriate, given the small number of 
patients treated with coiling. A larger prospective trial 
would be required to determine if there is a difference in 
outcome among patients with PICA aneurysms treated 
with microsurgical clipping or endovascular coiling.

Limitations of this study include the retrospective na
ture of the vasospasm data collection and the small num
ber of patients with ruptured PICA aneurysms who were 
treated. The placement of a tracheostomy and/or PEG tube 
was used as a surrogate marker for lower cranial nerve 
dysfunction. However, the need for a tracheostomy and/or 
PEG tube is multifactorial; a persistent depressed level of 
consciousness and pulmonary disease certainly can play 
a role. We were unable to discern from the clinical charts 
what the primary reason for tracheostomy and/or PEG 
tube placement was in most patients. Without a true mea
sure of lower cranial nerve dysfunction, the placement of 
tracheostomy and/or PEG tubes seemed to be the most ap
propriate outcome for evaluation, albeit an imperfect one. 

conclusions
PICA aneurysms are relatively rare cerebral aneurysms 

requiring treatment. In this cohort of SAH patients with 
ruptured PICA aneurysms treated as part of a large, ran
domized, prospective trial, the rate of lower cranial nerve 
dysfunction, as measured by tracheostomy and/or PEG 
tube placement, was significantly higher than the rate for 
patients with all other ruptured aneurysms (50% vs 16%, p 
< 0.001). In addition, the PICA aneurysms were more like
ly to be fusiform (36% vs 12%, p = 0.004). Furthermore, 
patients with ruptured PICA aneurysms had significantly 
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worse outcomes at discharge and at 1 and 3year follow
up than patients with nonPICA aneurysms. Both the high 
rate of lower cranial nerve dysfunction and the high rate 
of fusiform aneurysms in this cohort may help to explain 
this poor outcome.
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