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Object. To elucidate an optimal management strategy for unruptured paraclinoid aneurysms, the authors retrospec-
tively reviewed their experience in the treatment of 100 patients who underwent 112 procedures for 111 paraclinoid
aneurysms performed using direct surgery and/or endovascular treatment.

Methods. Between 1997 and 2002, 111 unruptured paraclinoid aneurysms categorized according to a modified al-
Rodhan classification (Group la, 30 anterior wall lesions; Group Ib, 25 ventral paraclinoid lesions; Group |1, 18 true
ophthalmic artery lesions; Group 111, 37 carotid cave lesions; and Group |V, one transitional lesion) were treated by
direct surgery (35 lesions) and/or endovascular treatment (77 lesions) (one aneurysm was treated by both procedures).
Inlesionsin Groupsla, Ib, I1, and |11 that were treated by endovascular treatment, compl ete aneurysm obliteration was
achieved in 50, 65, 50, and 78%, respectively, and the combined transient and permanent morbidity rates due to cere-
bral embolic events were 20, 25, 20, and 13.9%, respectively. Overall, the transient morbidity rate after endovascular
treatment was 14.3% and the permanent morbidity rate was 6.5%. Notably, permanent visual deficits caused by reti-
nal embolism occurred after endovascular treatment in two patients with Group |1 aneurysms. Direct surgery was main-
ly performed in Groups la (20 lesions), Ib (five lesions), and Il (eight lesions), with complete neck clip occlusion
achieved in 80, 80, and 71.4%, respectively; the transient and permanent morbidity rates associated with aneurysms
treated by surgery were 8.6 and 2.9%, respectively.

Conclusions. Endovascular therapy for superiorly projecting paraclinoid aneurysms (Groups laand I1) is associat-
ed with lower rates of complete obliteration than direct surgery, and with rates of cerebral embolic events comparable
to those of endovascular treatment in the other groups. Furthermore, endovascular treatment for Group |1 aneurysms
entails additional risks of retinal embolism. Therefore, direct surgery is recommended for the treatment of paraclinoid
aneurysms projecting superiorly. For other groups, especially for Group 111, endovascular treatment is the acceptable

first line of therapy.

Key WorDs ¢ paraclinoid aneurysm

ophthalmic artery < carotid cave

its exit from the roof of the cavernous sinus and the

origin of the posterior communicating artery have
been collectively termed paraclinoid aneurysms.3610.15.1921.23
3040 The proposed nomenclature for aneurysms of this re-
gion remains contradictory for anatomica reasons. Unlike
most aneurysms, these aneurysms arise a a location unre-
lated to specific arterial branches. In this area aneurysms
can be intradural, extradural, or both; there is no reliable
radiographic investigation to make this determination pos-
sible. Surgical treatment of paraclinoid aneurysms remains
a technical challenge to many neurosurgeons, because of
the close relationship these aneurysms hold to bone struc-
tures of the skull base, the cavernous sinus, and critical cra-
nia nerves. The surgica difficulties encountered in treating
paraclinoid aneurysms depend on their anatomical features,
especialy their relationship to the dura mater. For example,
aneurysms that straddle the dura ring may require broad

Q NEURYSMSs arising from the ICA between the site of

Abbreviations used in this paper: AVM = arteriovenous mal-
formation; CA = carotid artery; CT = computerized tomography;
ICA =internal CA; MR = magnetic resonance; OphA = ophthalmic
artery; 3D = three-dimensional.
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opening of the distal ring for adequate control and clip
placement. In contrast, aneurysms identified as being com-
pletely intradural may require only an anterior clinoidec-
tomy. Since the advent of endovascular techniques, excel-
lent results with Guglielmi Detachable Coil embolization
of paraclinoid aneurysms have been reported,’>¥” especidly
for those lesions associated with a high surgical risk.* The
results of these studies have suggested that good overdll
outcomes can be achieved in the treatment of paraclinoid
aneurysms by a combined team approach of direct surgery
and endovascular coil embolization by individudizing a
management strategy. To date, however, no investigator has
proposed a clear management strategy based on the groups
of aneurysmsfound at thislocation. In this paper we review
our experience in treating paraclinoid aneurysms, and pro-
pose a management strategy based on individual anatomi-
cal and clinicd factorsin each group of aneurysms.

Clinical Material and Methods
Patient Population
Between July 1997 and October 2002, 472 unruptured
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Ia: anterior wall
(DS:20/ Etx:10)

II: true ophthalmic
(DS:8/ Etx:10)
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Ib:ventral paraclinoid
(DS:5/ Etx:20)

IV: transitional
(DS:1/ Etx:1)

V: intracavernous
(excluded)

DS: n=35
Etx:n=77

Fic. 1. Schematic drawing showing the modified al-Rodhan classification of paraclinoid aneurysms and the number
of the aneurysmsin each group assigned to direct surgery (DS) or endovascular treatment (Etx) in this series. n = number;

Oph a= OphA.

aneurysms were treated by the neurovascular team at the
National Cardiovascular Center. During this period, 111 un-
ruptured paraclinoid aneurysms, none of which were giant,
were treated by neck clipping (34 lesions) or coating (one
lesion) performed surgicaly (35 lesions) or by endosaccu-
lar obliteration performed endovascularly (77 lesions); in
one case an aneurysm was treated using both procedures.
Large or giant aneurysms that required therapeutic occlu-
sion of the ICA were excluded from this study.

The aneurysms were classified into five groups accord-
ing to amethod reported previoudly (Fig. 1).2 Briefly, Group
| included aneurysms with necks that arose intradurally
from the ophthalmic segment of the ICA. This group was
divided into two subtypes: la refers to aneurysms that pro-
ject superiorly, are unassociated with branching arteries,
and are entirely located intraduraly (“anterior wall aneu-
rysm,” originally designated as “superior hypophysi-
al.”23); and |b refers to aneurysms that project postero-
inferiorly intradurally or, in some cases, extradurally into
the cavernous sinus (“ventral paraclinoid aneurysm”®). The
term anterior wall is used, instead of superior hypophysial,
for Group la aneurysms, because aneurysms arising from
the superior hypophysid artery are usudly located at the
medial or inferomedia wall of the ICA at the clinoida or
infraclinoidal level.® Group Il includes “true OphA aneu-
rysms’ with necksthat arise at thejunction of the OphA and
the ICA.%8 Group Il aneurysms are “carotid cave aneu-
rysms,” located in medial infraophtha mic and supracavern-
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ous regions.? Group IV (“transitiond”) includes cavernous
aneurysmsin which the neck arises from the cavernous seg-
ment of the ICA but the dome projects superiorly into the
intradural extracavernous subarachnoid space? Group V
aneurysms are purely intracavernous and were excluded
from the present study. Aneurysm size was classified as
small (< 5 mm), medium (5-9 mm), large (> 10-25 mm),
and giant (> 25 mm). The preprocedura workup included
CT scanning; digital subtraction angiography, with routine
use of 3D rotational digital angiography in the latter part of
the series (since August 2000); 3D CT angiography (Toshi-
ba Aquillion Multi; Toshiba Corp., Medical Systems Co.,
Otawara, Tochigi, Japan) with or without subtraction; and
MR imaging. The angiographic result after coil emboliza-
tion was graded as follows: complete obliteration (no con-
trast filling of the dome, body, or neck of the aneurysm);
neck remnant (some contrast filling of part of the neck of
the aneurysm); and body filling (some contrast filling of the
dome 4till observed due to incomplete Guglielmi Detach-
able Coil packing).

Surgical Technique

A cervica skinincision is usualy made before cranioto-
my to secure the cervical ICA unlessthe aneurysmiis locat-
ed well above the distd ring. Alternatively, a balloon cath-
eter is placed in the ICA for proxima control. A standard
pterional craniotomy is performed with the sylvian fissure
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widely open. The falciform ligament is incised, allowing
mobilization of the optic nerve. The intradural clinoid pro-
cess is removed intradurally with or without unroofing of
the posterior end of the optic cana by using a high-speed
diamond drill. The durd rings are opened and the distal
cavernous segment of the ICA is exposed when necessary.
Temporary occlusion is performed if the lesion is large and
retrograde suction is applied. In the case of aneurysms pro-
jecting superiorly (anterior wall or true OphA lesions), an
angled clip isintroduced over the ICA from the lateral side
with the blades of the clip pointing medially and inferiorly,
or a right-angled clip is applied aong the ICA from the
proximal sidein aparalle fashion with the blades of theclip
pointing distaly. In cases in which the aneurysm projects
inferiorly (ventra paraclinoid aneurysms), an angled fenes-
trated clip isapplied in aparallel fashion with the CA inthe
fene;gation. The clip blade is advanced until bone contact
is made.

Endovascular Technique

After local anesthesia has been administered, a No. 6
French guide catheter (Envoy; Cordis Endovascular Sys-
tems, Miami, FL) or a No. 7 French guide catheter (Brite-
tip; Cordis Endovascular Systems), used in remodeling
technique for broad-based aneurysms, is placed on the ICA
whilethe patient receives systemic heparinization. A micro-
catheter is delivered coaxially, with the tip placed in the
proximal portion or in the middle of the aneurysm sac. Gug-
lielmi Detachable Coils (Target Therapeutics-Boston Sci-
entific, Natick, MA) are distributed within the aneurysm
sac. A nondetachable silicon balloon catheter (Commodore;
Cordis Neurovascular, Miami, FL) is positioned over the
aneurysm neck and inflated for a short period (not more
than 2—4 minutes at atime) in cases in which aremodeling
technique is used.

Management Srategy

We initially sought the possibility of endovascular treat-
ment as the first line of therapy for paraclinoid aneurysms.
Endovascular treatment has several theoretical advantages
over surgical treatment; for example, removal of the clinoid
and opening of the cavernous sinus are not necessary, there
is ease of proxima control without cervical incision, and
the procedure islessinvasive. One limiting anatomical fac-
tor for successful endovascular trestment of the aneurysms
is the presence of awide neck (> 4 mm) or a small dome/
neck ratio (< 2);7° these are relatively common in aneu-
rysmsin thislocation, necessitating the use of aremodeling
technique performed with the aid of a nondetachable micro-
balloon catheter.t For surgica treatment, the presence of
dense calcification at the neck is an important limiting fac-
tor. For Group Il aneurysms, more extensive resection of
the anterior clinoid process and optic strut is required to ex-
pose the aneurysm for clip placement. In addition, selection
of an appropriate size and shape of clipsis more difficult to
obtain complete obliteration without compromise of the cli-
noidal (C-3) portion of the CA. On the other hand, the pres-
ence of thrombosis within the aneurysms is attended by
specific problems for each treatment modality. Taking into
consideration the anatomical factors of the aneurysms and
the medical risks and wishes of the patient, a management
strategy was tailored to individual patients.
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TABLE1

Characteristics of 100 patients presenting with 111 aneurysms
at hospital admission

No. of Procedures (%)

Surgery Group Endovascular Treatment
Characteristic (35 aneurysms) Group (77 aneurysms)

female patients 26 (74) 61 (79)
patient age (yrs) 52+9 56 = 9
aneurysm size (mm)

<5 15 (43) 35 (45)

59 15 (43) 31 (40)

10-25 5(14) 11 (14)

>25 0(0) 0(0)
aneurysm dome/neck ratio 16+ 06 18+08
mode of discovery

incidental 26 (74) 59 (77)

headache 7 (20) 8 (10)

compressive symptoms 2 (6)* 23

cerebrovascular disease 0 (0) 8 (10)t

* Visua disturbance.

T Associated with a ruptured aneurysm (five patients), lacuna infarction
(one patient), carotid—cavernous fistula (one patient), or AVM (one pa-
tient).

Results
Patient Demographics

Between November 1997 and October 2002, 472 unrup-
tured cerebra aneurysms were treated at our institution.
Among those, 336 aneurysms (71.2%) were treated sur-
gicaly and the rest by endovascular methods. During the
same period, 111 paraclinoid aneurysms were treated by ei-
ther modality (one lesion was treated by both), comprising
23.5% of the cerebral aneurysms (Table 1). Presentations
for the 112 procedures were as follows. incidenta (76%),
headache (13%), visua symptoms (4%), SAH from an as-
sociated aneurysm (4%), and SAH associated with an AVM
or arteriovenous fistula, a carotid cavernous fistula, and a
cerebral infarction (1% each). Eighty-seven (78%) of the
patients were femal e and the mean age was 54.5 years. Mul-
tiple aneurysms were found in 24% of patients.

Based on the management strategy described earlier, sur-
gica treatment was chosen in 35 cases and endovascular
therapy in 77 cases, comprising 10.4 and 56.6%, respective-
ly, of each modality applied (Fig. 1). Combined surgical
and endovascular treatment was performed in the one pa
tient with a Group IV lesion and this case was counted
twice. Anatomical factors of the aneurysms obtained in the
preoperative workups in each group are summarized in Ta-
ble 1. The mean size of the aneurysmsin Group Il (8.5 =
4.5 mm) was significantly larger than that in Group 11l
(5.1 = 2.1 mm) (p < 0.05, Kruskal-Wallistest, Scheffé” F
test). Except for this, there were no significant differences
among the different groups in anatomical factors (size and
dome/neck ratio) or frequency of use of a balloon-assisted
technique.

Therapeutic Choice Based on Classification

All but one patient with a Group I11 aneurysm underwent
endovascular trestment; this treatment decision was based
on the most proximal location of the lesion in relation to
distal durd rings and the inherent higher risk of crania
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TABLE 2

Anatomical outcomes after direct surgery and endovascular
treatment for paraclinoid aneurysms*

K. lihara, et al.

TABLE 3

Neurological complications in patients who underwent
endovascular therapy for 77 paraclinoid aneurysms*

No. of Procedures (%)

Aneurysm
Group Tota CO NR BF Other
direct surgery
(35 aneurysms)
la 20 16(80.0) 4(20.0) 0(0) 0(0)
Ib 5 4(80.00 1(20.00 0(0) 0(0)
1 8 5(625) 1(125 1(125 1(125ft
11 1 0(0) 0(0) 0(0) 1(100)F
v 1 0(0) 0(0) 0(0) 1(100)§
endovascular treatment
(77 aneurysms)
la 10 5(50.00 5(500 0(0 0(0)
Ib 20 13(65.00 3(15.00 4(200)0 0(0)
1 10 5(50.0) 2(200 3(30.00 0(0)
1 36 28(778) 5(139) 3(83) 0(0

v 1 0(0) 0(0) 0(0)  1(100)§

* BF = body filling; CO = complete obliteration; NR = neck remnant.

T In one patient with a large Group |1 aneurysm that straddled the dural
ring, only the intradural part of the aneurysm was clipped intentionally.

¥ Coating was performed in the only Group Il aneurysm in the direct
surgery group.

§ In one patient with a Group 1V aneurysm, a combined approach, inten-
tional body clipping followed by complete endovascular obliteration, was
performed. Thislesion is counted twice.

nerve palsy due to more extensive drilling of basal bone
structures (Fig. 1). One patient who harbored with a Group
IV aneurysm with a broad neck was treated by a combined
approach of direct surgery and endovascular treatment.

For Group Ib (ventral paraclinoid) aneurysmstherapeutic
plans were made on a case-by-case basis, depending on the
relationship between the proximal aspect of the neck and
the basd bone structure® and the size of the dome and
neck. Overall, 20 patients (80%) with Group Ib aneurysms
were treated endovascularly (Fig. 1). After aninterim anal-
ysis of treatment outcomes, we revised our management
strategy for Groupslaand Il aneurysms (superiorly project-
ing aneurysms), as described in the Discussion section.

Results of Our Initial Srategy for Groups la and
Il Aneurysms

By the end of October 2000, 30 patients with Group la
or |l aneurysms were treated by either modality (15 cases
each). During this period, one attempt at endovascular trest-
ment in a patient with a Group Il aneurysm (6.7%) failed
because of an instability of the microcatheter. In the endo-
vascular treatment group, permanent visua deficit was seen
in two patients with Group Il aneurysms; the deficit was
caused by aretinal embolism that occurred during and after
embolization (13.3% of the initia 15 cases). Furthermore,
anatomica outcome was significantly better in the group
treated surgically than in the group treated endovascularly
(p < 0.05, Mann—Whitney U-test). This preliminary result
prompted us to change our management strategy, such that
paraclinoid aneurysms projecting superiorly (Groups laand
I1) should be treated surgically as the first line of therapy,
unless the neck of the aneurysm is heavily cacified or there
are unfavorable patient medical conditions.
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No. of Procedures (%)

Aneurysm Permanent  Transient ~ Permanent Transient
Group Total CIE CIE VFD VFD
la 10 0(0) 2(20.0) 0(0) 0(0)
Ib 20 1(5.0 4 (20.0) 0(0) 0(0)
1 10 0(0) 2(20.0) 2(20.0 0(0)
Il 36 2(5.6) 3(8.3) 0(0) 0(0)
(\A) 1 0(0) 0(0) 0(0) 0(0)

* CIE = cerebral ischemic event; VFD = visual field deficit.
T This aneurysm was treated by both direct surgical and endovascular
means.

Overall Results

Anatomical outcomes after endovascular treatment in
each subgroup are summarized in Table 2. The rate of com-
plete obliteration after endovascular treatment tended to be
highest in Group 111 (78%), followed by Group Ib (65%)
and Groupslaand Il (50% each), although these differences
did not reach datistica significance (p = 0.24, Kruskal—
Wallis test).

Overal complication rates in the subgroups of aneu-
rysmstreated endovascularly are shown in Table 3. Of note,
among the different subgroups in the endovascular trest-
ment group, there was no significant differencein neurolog-
ical complication rates due to cerebral embolic events (p =
0.29). Nevertheless, retinal embolism was a unique compli-
cation in the endovascular treatment of Group |1 aneurysms.

In the direct surgery group, the anterior clinoid process
was removed intraduraly by using a high-speed diamond
drill in 33 cases (94%); the only exceptions were two pa
tients with Group la lesions. The overal rate of complete
clip occlusion was 73.5% (25 of 34 aneurysms; the casein
which both surgery and endovascular treatment was used
has been omitted) without any significant difference among
subgroups (Groups lg, Ib, and 11, p = 0.95; Table 2). Dome
filling viaasmall residual neck at its proximal end occurred
in one patient (2.9%); thiswas caused by contact of the clip
blade with the bone structure of the skull base. The overal
complication rate of surgical treatment of aneurysms was
low, with permanent olfactory nerve dysfunction, transient
optic nerve deficit, oculomotor nerve disturbance, and sei-
Zure occurring in one patient each (Table 4). Proximal CA
control was obtained by exposing the cervical CA in 23 cas-
es (66%) or by placing a nondetachable balloon catheter
into the distal ICA during heparinization in the initia five
cases (14%). During the initid cases, proxima control of
the CA was obtained endovascularly, but we frequently en-
countered troublesome oozing from the cavernous sinus
when it was opened during systemic heparinization. Re-
cently, proxima control has usually been achieved by a di-
rect surgical approach and may not be attained, especially
if the aneurysm is projecting superiorly and located well
above the anterior clinoid process (20%).

Indication for Treatment

Until December 2000, we treated virtualy al patients
younger than 70 years of age who were referred to our hos-
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pital with carotid cave aneurysms larger than 3 mm (26 pa-
tients with a mean age of 56.3 years, mean diameter of an-
eurysm 4.8 mm). In January 2001, after analyzing the out-
comes of such treatment, we revised our treatment plan
such that only aneurysms 5 mm or larger would be treated
in principle. Sincethen, only 10 of 19 patients who werere-
ferred to us have been treated (10 patients with amean age
of 52 years;, mean diameter of aneurysm 6 mm). In fact, the
fraction of carotid cave aneurysms smdler than5 mminal
those treated decreased considerably from 73% before Jan-
uary 2001 to 30% thereafter. Although arelatively high per-
centage of small and asymptomatic aneurysms have been
treated with some combined permanent and transient in-
cidences of morbidity, none of the patients have shown
significant morbidity (modified Rankin Scale score 2-5)
at 1-year follow up in this series. Using our management
strategy, the overall results we achieved in the treatment of
paraclinoid aneurysms were considered excellent compared
with other recent series3646

Follow-Up Results

Three aneurysms (two Group Il and one Group Ib le-
sions) that were endovascularly treated demonstrated coil
compaction or regrowth on follow-up angiograms obtained
6 months later and required repeated treatment. No aneu-
rysm that was treated surgically required additional treat-
ment. During the follow-up periods, no bleeding event was
observed after either modality of treatment.

Illustrative Case

This 34-year-old woman with the diagnosis of a cerebral
AVM underwent follow-up cerebral angiography for intrac-
table epilepsy. Angiograms revedled an unruptured small
true OphA aneurysm with a broad neck, which was located
on the right side. Complete obliteration of the aneurysm
was achieved uneventfully by using aballoon-assisted tech-
nique. Two days later, while the patient was receiving an-
ticoagulation therapy, she suddenly experienced a right vi-
sual disturbance. Ophthalmologica evaluation reveded a
marked retina edema due to an embolism of the centra
retinal artery. The patient was discharged with a persistent
partial visua field defect.

Discussion

With the advent of endovascular techniques and inherent
surgical risk, paraclinoid aneurysms were suggested as one
of the most appropriate targets of endovascular treatment.
In the present study, we analyzed our results according to
the classification proposed by a-Rodhan, et d.,? and we
suggest that superiorly projecting aneurysms (Groups la
and 1) should be treated by direct surgery as the first line
of therapy, whereas for other subgroups, especialy carotid
cave aneurysms, endovascular treatment should be consid-
ered an appropriate first line of therapy.

Recent refinements in direct surgery have produced ex-
cellent resultsin surgical clip occlusion of paraclinoid aneu-
rysms.* Removal of the anterior clinoid process alows at
least 6 mm more exposure of the proximal |CA without en-
tering the true cavernous sinus.* Preoperative 3D CT angi-
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TABLE 4

Neurological complicationsin patients who underwent
direct surgery for 35 paraclinoid aneurysms*

No. of Procedures (%)

Aneurysm
Group Total Permanent CNP  Transient CNP  Seizure CIE
la 20 0 (0) 2(10.0) 1(5.00 0(0)
b 5 0(0) 0(0) 0(0) 0(0)
1 8 1(12.5) 0(0) 0(0) 0(0)
11 1 0(0) 0(0) 0(0) 0(0)
IVt 1 0 (0) 0(0) 0(0) 0(0)

* CNP = cranial nerve palsy.
T This aneurysm was treated by both direct surgical and endovascular
means.

ography with subtraction techniques helps plan the extent
of drilling and clip placement. Intraoperative angiography®
and suction-decompression techniques during temporary
trapping are useful to facilitate safe and complete clip place-
ment, especidly in large or giant paraclinoid aneurysms.*®
Regarding endovascular surgery, the technique of using a
balloon to remode coils at the neck of the aneurysm has
also made wider-neck lesions trestable with coil emboli-
zation.* It remains controversia whether remodeling tech-
niques increase thromboembolic complications.??” Neck
Sizeis an independent risk factor for these complications,*
probably because the increased surface area of exposed
coils at the interface of the aneurysm and parent artery
could serve as a nidus for fibrin strand and platelet aggre-
gates.

Recently, Hoh, et al.,*¢ reported excellent outcomesin the
management of 238 paraclinoid aneurysms by a combined
neurovascular team and emphasized the importance of a
combined team approach for such formidablelesons. Their
series included patients who presented with SAH and a
higher percentage of patients with large or giant aneurysms;
the two groups had a comparable rate of morbidity. High-
er-grade aneurysms tended to be treated with endovascular
techniques, but the authors did not describe in detail how
aneurysms of different anatomical groups were assigned to
each treatment modality. From a surgical perspective, supe-
riorly projecting C-2 aneurysms (Group laor |1) are easiest
to treat, having little association with superior hypophysial
vessdls or other strategically important vessels. Frequently,
only the optic nerve and the OphA artery must be negotiat-
ed. On the other hand, clip occlusion of carotid cave an-
eurysms (Group I11) requires more extensive drilling of the
basal bone structure, thereby theoretically increasing the
surgical risk. In the origina description of carotid cave an-
eurysms, worsened vision was noted postoperatively intwo
of seven cases.”? The presence of a neck remnant or body
filling was observed at postoperative angiography in six su-
periorly projecting aneurysms in this series (five Group
la[19%] and one Group Il [3.7%)] lesions). In most cas-
es, such aminimal neck remnant (< 3 mm) was observed
because sufficient neck had to be preserved to spare the
OphA artery or to prevent akink in the ICA. The results of
a recent study® confirmed the long-term efficacy of clip
placement for unruptured aneurysms, but the cumulative
risk for SAH was high compared with that in the generdl
population, even after treatment. Recently, a surprisng
number of cases have been presented in which a seem-
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ingly unimportant 1- to 2-mm residual neck dilates over a
long period, eventually becoming a dangerous aneurysm.>
Long-term follow up performed using 3D CT angiography
is recommended for patients with minimal residual necks
after clip placement for superiorly projecting paraclinoid
aneurysms (Group laor Il lesions).

In the present study, the anatomica outcomes for supe-
riorly projecting aneurysms after direct surgery were sig-
nificantly better than after endovascular treatment, resulting
in arevision of our management strategy. Furthermore, a
failed attempt was noted in one of theinitial 15 casesin this
subgroup because of an ingtability of the microcatheter in
the aneurysm. This may be another unfavorable factor for
endovascular treatment of aneurysms projecting superiorly.
This situation contrasts with the one encountered with an-
eurysms projecting inferiorly (ventral paraclinoid aneu-
rysms), in which the location of aneurysms within the con-
cavity of the curve formed by the carotid siphon facilitates
catheterization. In the last 2 years, 13 (72%) of 18 superi-
orly projecting aneurysms were treated surgically, whereas
only five cases were treated endovascularly for various
reasons such as keloid constitution and patient’s refusal of
surgery. Thenatural history of the neck remnant of the para-
clinoid aneurysm after endovascular treatment is an im-
portant problem that remainsto be fully elucidated.**? This
isespecidly important, because paraclinoid aneurysmstend
to have two anatomical factors, wide necks and large size,
that adversely affect anatomical outcome and long-term du-
rability of results after endovascular treatment.*+* Because
increasing stability is demonstrated angiographicaly in
treated aneurysms up to 3 years following coil emboliza-
tion,? further follow-up studies are mandatory. Of note, two
of three aneurysms that required repeated treatment at the
follow-up angiography were Group |l aneurysms.

Visual deficits caused by aretina embolism were unique
complications encountered in the endovascular treatment
of Group Il aneurysms. Retinal artery occlusion is com-
monly observed in elderly patientswith risk factorsfor arte-
rial occlusive disease and carotid occlusive disease, and is
most often caused by embolization.* Based on the irregu-
lar, attenuated appearance on fundus examination of the ar-
terioles due to hypoperfusion of the retina, emboli derived
from the aneurysm during or after embolization is the most
likely explanation for the retinal artery occlusion in these
cases. Infact, retinal artery occlusion was reported to occur
in two cases following coil embolization of 71 CA-OphA
aneurysms.® In the series reported by Hoh, et a.,*® there
were two patients with new visua deficits after endovascu-
lar treatment, but the authors did not clarify the causes of
these deficits. These results show that, similar to direct sur-
gery especidly for Group Il aneurysms, endovascular ther-
apy can pose arisk of visua deficit by occluding the retina
artery by emboli from coils packed in the aneurysm through
the OphA artery.

Aneurysms arising from the posterior wall of the ICA
have been grouped together as ventral paraclinoid aneu-
rysms.* In Nutik's cases,* the aneurysms arose from the
ICA opposite the origin of the OphA and the site of origin
was partly intradural and partly intracavernous. Especidly
when the size of the aneurysm increases, there would be a
greater chance of incomplete clip occlusion because of con-
tact between the clip blade and the basal bone structure. As
a result, 20 cases (80%) of 25 Group Ib aneurysms were
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treated endovascularly. Of note, complete obliteration fol-
lowing endovascular treatment of Group Ib lesions was
achieved in 65% of cases, which was better than the 50%
rate for superiorly projecting aneurysms (combined Groups
laand I1) and worse than that the 78% rate for carotid cave
lesions (Group I11). Complete clip occlusion of the aneu-
rysm neck was achieved in four patients (80%) with Group
Ib aneurysms, indicating that a ventral paraclinoid lesion
can be safely clipped surgically, especidly if the lesion is
small and located well above the basa bone structure. On
the other hand, it is difficult to obtain complete obliteration
of large and wide-necked ventral paraclinoid aneurysms no
matter which modality is chosen.

All but one carotid cave aneurysm were trested endovas-
cularly in the present series, providing the highest rate of
complete obliteration (78%) with the lowest combined tran-
sient and permanent morbidity rate (13.9%), although these
differenceswere not significant. The size of the carotid cave
lesions was significantly smaller than that of true OphA an-
eurysms (Group 11). Although surgery was performed in
only one patient with aGroup |11 aneurysm, because of pre-
sumably higher surgicd risk, the overall results support our
notion that Group |11 aneurysms are the most appropriate
target of endovascular treatment among the different groups
of paraclinoid aneurysms.

The indications for treatment deserve comment. The
critical size at which an aneurysm ruptures remains in dis-
pute.l”1839 |n our series, the mean size of carotid cave aneu-
rysms was significantly smaller than that of true OphA an-
eurysms, probably because the growth of theformer may be
restricted by the surrounding structure. Assuming that small
carotid cave aneurysms within the anatomical boundary
of the cave may have alower chance of rupture, we have
become increasingly conservative in their trestment indi-
cations. At present, carotid cave aneurysms smaller than 5
mm are treated only in patients younger than 50 years of
age based on patient preferences. To addressthe issue of the
natural history of small unruptured paraclinoid aneurysms
at various locations, we await the results of a currently on-
going nationwide prospective study (Unruptured Cerebra

Aneurysm Study of Japan).

Conclusions

In this paper we have retrospectively reviewed our expe-
riencein 111 paraclinoid aneurysmsthat were treated in 112
procedures. Considering the inherent surgical risks, we ini-
tially sought the possibility of endovascular treatment asthe
first line of therapy for paraclinoid aneurysms. After anin-
terim analysis, we revised our management strategy such
that superiorly projecting paraclinoid aneurysms (Groupsla
and 1) should be treated by direct surgery. Endovascular
trestment is the acceptable first line of therapy for the oth-
er groups of paraclinoid aneurysms, especially for carotid
cave aneurysms (Group I11).
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