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Abstract
This retrospective study aims to com-

pare treatment results of ruptured and
unruptured pericallosal artery aneurysms
(PAAs) regarding patient outcome and
aneurysm recurrence after endovascular
treatment (EVT) and neurosurgical treat-
ment (NT). A total of 67 patients with PAA
were admitted to our hospital, 44 patients
with subarachnoidal hemorrhage (SAH)
due to a ruptured PAA and 23 patients with
unruptured PAA. The radiographic features
of PAA were collected from pre-treatment
digital subtraction angiography. In addition,
demographic, clinical and radiographic
parameters of all patients were recorded.
Outcome was measured based on the modi-
fied Rankin scale (mRS) at 6 months after
admission (favorable mRS score, 0-2 vs
unfavorable mRS score, 3-6). Overall 46
patients underwent EVT and 21 patients
NT. Six months after discharge 24 patients
with SAH had a favorable outcome (mRS
0-2) and 16 patients an unfavorable out-
come (mRS 3-6). Mortality rate of patients
with SAH was 9.1% (4/44). Overall
aneurysm recurrence was treated in 13 % of
patients in the EVT cohort (6/46), whereas
patients treated with NT had no recurrence.
All patients with unruptured PAA had a
favorable outcome. EVT and NT of PAA
show comparable good results, although
aneurysm recurrence occurs more often
after EVT.

Introduction
Aneurysms of the pericallosal artery

(PA) tend to rupture more frequently and
cause higher morbidity and mortality rates
compared to other supratentorially located
aneuryms.1-3

Generally, neurosurgical treatment
(NT) and endovascular treatment (EVT) are
the therapeutic options and are both chal-
lenging due to the anatomical localization,
small vessel size, and limited microsurgical
or endovascular access.4

The aim of this study was to compare
treatment results of ruptured and unruptured
PAAs regarding treatment modality, patient
outcome and aneurysm recurrence.

Materials and Methods
All patient with ruptured and unrup-

tured PAA treated at our neurovascular cen-
ter in a 15 years period (1998 to 2013) were
enrolled in this retrospective study. A total
of 64 patients with PAA were admitted to
our university hospital and treated either by
EVT or NT. The patients records and imag-
ing data were retrospectively analyzed by
use of the clinical information system and
picture archiving and communication sys-
tem (PACS). Radiologic data were retro-
spectively reviewed by two board certified
neuroradiologists by consensus reading.
The ethics approval for this study was pro-
vided by the local ethics committee (13-
5580-BO).

Patients of all ages were included, if the
presence of a PAA was proven by computed
tomography angiography (CTA) and/or
magnetic resonance angiography (MRA)
and digital subtraction angiography (DSA).
Patient characteristics comprised age, sex,
PAA aneurysm size, presence of additional
aneurysms in other locations, neurosurgical,
endovascular or conservative aneurysm
treatment. Complications of SAH (early
hydrocephalus, vasospasm, and cerebral
ischemia), and the presence of intracranial
hemorrhage were registered from the CT
scan and patients records.

PAAs were treated after interdiscipli-
nary consensus of neurosurgeons and inter-
ventional neuroradiologists regarding the
anatomical features of each aneurysm.
Clipping or endovascular treatment were
performed as soon as possible after SAH.
Applied treatment methods were clipping
and coil-embolization. All neuroradiologi-
cal and neurosurgical procedures were per-
formed under endotracheal intubation and
general anesthesia. Single microcatheter
coiling was performed in all endovascular

treated cases.
Treatment results of neurosurgical clip-

ping were assessed by DSA a few days after
operations. Results of EVT were judged on
the grading system proposed by Raymond-
Roy et al.:5 i) Grade I: Complete oblitera-
tion; ii) Grade II: Residual neck; iii) Grade
III: Residual aneurysm. 

Results of NT were judged using the
grading system by Sindou et al.:6 i) Grade I:
Less than 50% of neck size remnant; ii)
Grade II: More than 50% of neck size rem-
nant; iii) Grade III: Residual lobe of multi-
lobulated aneurysm; iv) Grade IV: Residual
sack that is less than 75% of original
aneurysm size; v) Grade V: Residual sack
that is more than 75% of original aneurysm
size.

The results of EVT were monitored by
magnetic resonance imaging or CTA during
in-patient stay and 6 months after discharge.

Patient outcome was specified with
regard to the modified Rankin Scale (mRS)
at discharge and 6 months after discharge
from hospital. Data were collected from the
clinical information system based on neuro-
surgical follow-up visits, repetitive hospital
stays, and discharge letters.
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All patients with aneurysmal SAH were
daily monitored for vasospasm with tran-
scranial Doppler sonography at the neuro-
surgical intensive care unit and received
oral nimodipine for 3 weeks from the day of
ictus. In case of increased flow velocity
(>120 cm/s) of intubated patients or extu-
bated patients with delayed neurological
deterioration a CT scan was performed prior
to DSA to rule out infarctions. If necessary,
DSA was performed daily in the vasospasm
phase after SAH to confirm severe cerebral
vasospasm and to treat them with intraarte-
rial Nimodipine infusions. 

Results
A total of 1827 patients with cerebral

aneurysms were admitted to our hospital
over 15 years. Overall 67 patients with sac-
cular PAA were treated in this time period
in our neurovascular center. The total study
population included 44 (65.7%) patients
with ruptured PAAs and 23 (34.3%)
patients with unruptured PAAs. The gender
ratio of our PAA study population showed a
female predominance (f=56, m=10).

Treatment decisions in all 67 patients
were made in interdisciplinary consensus of
neurosurgeons and interventional neurora-
diologists based on findings of DSA. In the
subgroup of ruptured aneurysms 28 patients
were treated with EVT and 16 patients with
NT. Within the subgroup of unruptured
PAA 17 were treated with EVT and 6 with
NT (Tables 1 and 2).

Outcome of ruptured pericallosal
artery aneurysms

At the time of discharge 34 patients had
an unfavorable outcome (mRS 3-6) due to
major neurological deficits, whereas 10
patients had a favorable outcome (mRS 0-2)
(Table 3 and Figure 1). At 6-month follow-
up 16 of the 44 patients had an unfavorable
outcome (mRS 3-6), whereas 24 patients
had a favorable outcome (mRS 0-2). A total
of four patients died (9.1%) after therapy
(Table 4).

Outcome of unruptured pericallosal
artery aneurysms

At the time of discharge 6 patients had
an unfavorable outcome (mRS 3-6), where-
as 17 patients had a favorable outcome
(mRS 0-2) (Table 3). At 6-month follow-up
22 of the 23 patients had a favorable out-
come (mRS 0-2), one patient with an unfa-
vorable outcome (mRS 3-6) at 6-month fol-
low-up already had a mRS of 5 before treat-
ment due to a stroke 5 years before (Table
4).

Therapy results and recurrence of
pericallosal artery aneurysms

Immediately after NT or EVT complete
aneurysm occlusion was achieved in 59/67
(88.1%) patients and near-complete occlu-
sion in 8 (11.9%) patients (Table 5). Two
patients (n=21) treated with NT were classi-
fied as Sindou II. All patients treated with
NT had no change of aneurysm appearance
in the follow-up imaging 6 months after
therapy.

Within the subgroup of EVT patients,
6/46 patients had a residual neck after ther-
apy. Six months after discharge within the
subgroup of EVT imaging revealed recur-
rence of PAA in 6/46 patients (Raymond
Roy II) and 4/46 patients (Raymond Roy
III) (Table 6). In 6 patients with aneurysm
recurrence was treated. Five cases were
treated by recoiling, and one patient by neu-
rosurgical clipping. No rebleeding occurred
in all patients.

Discussion
This study provides evidence that EVT

and NT should be regarded as equivalent
methods in the treatment of PAA. However,
both modalities showed clear advantages
and disadvantages. EVT treated patients

had a better mRS at discharge compared to
NT, although at the 6 month-control no sig-
nificant difference between treatment
modalities was found. Patients treated with
EVT had a better mRS at discharge but tend
to have aneurysm recurrence more often
than patients treated with NT. Since micro-
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Table 1. Treatment of ruptured aneurysms. 

(n=44)               Ruptured PAA
                                           EVT            NT

Treatment modality                      28                   16
Recoiling                                          3                     0
Reclipping                                        1                     0
Mortality                                           2                     2
PAA, pericallosal artery aneurysms; EVT, endovascular treatment;
NT, neurosurgical treatment.

Table 3. Treatment results after therapy at discharge. 

Ruptured PAA                At discharge 6 months after discharge
mRS                                                EVT               NT                           EVT                 NT

Favorable outcome (0-2)                             8                         2                                       17                          7
Unfavorable outcome (3-6)                       20                       14                                       9                           7
PAA, pericallosal artery aneurysms; EVT, endovascular treatment; NT, neurosurgical treatment.

Table 4. Treatment results 6 months after therapy. 

Unruptured PAA            At discharge 6 months after discharge
mRS                                                EVT               NT                           EVT                 NT

Favorable outcome (0-2)                            15                        2                                       18                          4
Unfavorable outcome (3-6)                        3                         3                                        0                           1
PAA, pericallosal artery aneurysms; EVT, endovascular treatment; NT, neurosurgical treatment.

Table 5. Aneurysm occlusion after therapy. 

Aneurysm occlusion after therapy                   EVT                        NT                   Total

Raymond Roy I                                                                           40                                                                    59
Raymond Roy II                                                                          6                                                                      8
Raymond Roy III                                                                         0                                                                      0
Sindou I                                                                                                                             19                               
Sindou II                                                                                                                             2                                
Sindou III                                                                                                                           0                                
Sindou IV                                                                                                                            0                                
n.a.                                                                                                 0                                     0                               0
Total                                                                                             46                                   21                             67
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Table 2. Treatment of unruptured
aneurysms. 

(n=23)             Unruptured PAA
                                           EVT             NT

Treatment modality                      18                     5
Recoiling                                          2                      0
Reclipping                                       0                      0
Mortality                                          0                      0
PAA, pericallosal artery aneurysms; EVT, endovascular treatment;
NT, neurosurgical treatment.
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surgical and endovascular therapeutic
options reach comparable good outcome
results, interdisciplinary treatment deci-
sions should be based on the aneurysm mor-
phology, the need for decompression of
larger intracranial hemorrhage, and the indi-
vidual operative experience of neurosur-
geons and neurointerventionalists to guar-
antee a prompt aneurysm occlusion.

In our study population deterioration
from SAH after PAA rupture caused a mor-
tality rate of 9.1%, which is comparable or
lower than reported in other studies.4,7 Six
months after discharge an independent daily
living activity level (mRS score 0-2) was
achieved by 46/67 (68.7%) patients without
statistically significant difference between
both treatment groups.

After early occlusion of the ruptured
aneurysm to prevent rebleeding interdisci-
plinary therapy is focused on SAH to treat
or avoid subsequent complications like
hydrocephalus, vasospasm, and cerebral
infarction. Delayed cerebral ischemia from
vasospasm is a decisive cause of morbidity
in patients with aneurysmal SAH independ-
ent of successful occlusion of the ruptured
intracranial aneurysm.4,8,9 Cerebral infarc-
tion not related to vasospasm is also known
as an independent risk factor for poor out-
come.4,9 The burden of blood at the time of
SAH has been identified as the most predic-
tive factor of cerebral vasospasm especially
in ruptured PAAs.8,10 In a prospective ran-
domized controlled trial including 250
patients with different ruptured intracranial
aneurysms, aneurysms of the posterior cir-
culation and pericallosal arteries had the
worst outcome in 1-year follow up.8 Poor
admission status, cerebral infarction, and
smoking were described as risk factors for
an unfavorable outcome in ruptured PAAs.
Our retrospective monocentric study of 67
PAA patients, including 44 patients with
ruptured PAAs, shows equally good therapy
results (mRS 0-2) in 54.5% (24/44) of
patients with ruptured aneurysms and EVT
or NT six month after discharge. Dinc et al.
found a favorable outcome in 17 (53.1%) of
32 patients with ruptured PAA.4 In both
studies neither NT nor EVT were superior
for treatment results between the groups. A
series of 132 surgically managed aneurysms
showed a favorable outcome in 71 (53.8%)
cases with 6 or more month follow up.7 A
summary of nine studies on endovascular
treated ruptured PAAs reported a favorable
outcome (mRS ≤ 2) in 164/219 (74.9%,
range 53% - 100%) cases.11

Treatment options
Deeply located in the interhemispheric

fissure PAAs mostly afford a frontal inter-
hemispheric approach.12 The small neuro-

surgical access and the high rate of intraop-
erative hemorrhage are combined with a
relatively high surgical morbidity ranging
from 0 to 25%.13-15 Giant or complex peri-
callosal aneurysms may be treated micro-
surgically by bypass graft and/or a bypass
from one to the other pericallosal artery fol-
lowed by trapping of the aneurysm.16

Endovascular treatment of PAAs with

detachable platinum coils has proven to be a
reliable technique and alternative to surgi-
cal clipping.17,18 Especially the intraproce-
dural intraarterial infusion of the calcium
channel blocker nimodipine is an adjunctive
technique for the endovascular treatment in
the early vasospasm phase.19 The dome-to-
neck ratio is a decisive parameter for inter-
disciplinary treatment decisions of intracra-
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Table 6. Aneurysm occlusion after therapy 6 months after therapy. 

Aneurysm occlusion after therapy                    EVT                        NT                   Total

Raymond Roy I                                                                           30                                                                   45
Raymond Roy II                                                                           6                                                                     8
Raymond Roy III                                                                         4                                                                     4
Sindou I                                                                                                                             15                               
Sindou II                                                                                                                             2                                
Sindou III                                                                                                                           0                                
Sindou IV                                                                                                                            0                                
n.a.                                                                                                 6                                    4                              10
Total                                                                                             46                                  21                             67
EVT, endovascular treatment; NT, neurosurgical treatment.

Figure 1. 41-year old female patient with subarachnoidal hemorrhage on contrast-com-
puted tomography (A) due to an irregular, ruptured pericallosal aneurysm in digital sub-
traction angiography; (B, C) with complete occlusion after endovascular treatment (D).
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nial aneurysms. A high dome-to-neck ratio
is more applicable for EVT, whereas
aneurysms with a low ratio may preferably
be treated by neurosurgical clipping.4

In the postprocedural phase repeated or
even continuous intraarterial nimodipine
infusions are suitable to relieve affected
patients from symptomatic cerebrovascular
vasospasm and to reduce the risk of delayed
cerebral infarction.20,21 Smaller endovascu-
lar devices offer new treatment options for
small and wide-necked aneurysms in
peripheral locations. Stent-assisted coiling
is challenging in pericallosal arteries due to
the small vessel diameter and peripheral
location of most PAAs.22

Limitations
The crucial issue of this retrospective

analysis is the lower quality/completeness
of data compared with prospective data
storage.

Conclusions
In this retrospective monocentric study

EVT and NT reach comparable good treat-
ment results and favorable patient outcome
of ruptured and not ruptured PAAs.
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