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Abstract

Ipsilateral approaches remain the standard technique for clipping paraclinoid aneurysms. Surgeons must however be prepared to
deal with bony and neural structures restricting accessibility. The application of a contralateral approach has been proposed
claiming that some structures in the region can be better exposed from this side. Yet, only few case series have been published
evaluating this approach, and there is a lack of systematic reviews assessing its specific advantages and disadvantages. We
performed a structured literature search and identified 19 relevant publications summarizing 138 paraclinoid aneurysms operated
via a contralateral approach. Patient’s age ranged from 19 to 79 years. Aneurysm size mainly varied between 2 and 10 mm and
only three articles reported larger aneurysms. Most aneurysms were located at the origin of the ophthalmic artery, followed by the
superior hypophyseal artery and carotid cave. All aneurysm protruded from the medial aspect of the carotid artery. Interestingly,
minimal or even no optic nerve mobilization was required during exposure from the contralateral side. Strategies to achieve
proximal control of the carotid artery were balloon occlusion and clinoid segment or cervical carotid exposure. Successful
aneurysm occlusion was achieved in 135 cases, while 3 ophthalmic aneurysms had to be wrapped only. Complications including
visual deterioration, CSF fistula, wound infection, vasospasm, artery dissection, infarction, and anosmia occurred in a low
percentage of cases. We conclude that a contralateral approach can be effective and should be considered for clipping carefully
selected cases of unruptured aneurysms arising from medial aspects of the above listed vessels.
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Introduction

Paraclinoid aneurysms still constitute a complex challenge for
cerebrovascular surgeons. The complex vascular anatomy of
clinoid and ophthalmic segments of the internal carotid artery
(oICA) and its branches and its close relation to the optic
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nerves, the cavernous sinus, and the anterior clinoid process
make it difficult to completely expose these aneurysms and to
achieve adequate proximal control. All this contributes to the
high morbidity rates reported in literature when treating these
aneurysms [9, 11, 14, 18, 27, 29, 30].

In the last decades, the great advances achieved in the field
of endovascular treatment have allowed to effectively treat
paraclinoid aneurysms sparing the risks of cranial surgery
[11, 20, 21, 38, 40, 47]. However, endovascular techniques
have their own limitations. Complex aneurysm and/or vessel
configurations can prevent complete occlusion which in-
creases the risk of aneurysm regrowth and (re-) bleeding
[21]. In addition, the occlusion of small, not angiographically
visible, perforating branches can lead to ischemic complica-
tions affecting the optic apparatus, hypothalamus, internal
capsule, or the basal ganglia, with potential devastating con-
sequences [6, 38, 43]. Furthermore, the use of stents or flow-
diverting devices implies the need of lifelong platelet
antiaggregant therapy with its associated bleeding risk [45].
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Finally, endovascular techniques are unable to solve the prob-
lem of mass effect of aneurysms compressing highly sensible
neural structures, such as the optic nerve.

In this context, the role of surgery is far from having been
replaced and has turned into an even more demanding chal-
lenge. Neurosurgeons must nowadays deal with aneurysms
that cannot be treated by endovascular means due to anatom-
ical limitations or where it failed, and those aneurysms which
compress important structures. Additionally, it is important to
remember that in many undeveloped countries, endovascular
techniques are not available in a vast majority of centers and
surgery remains the only treatment option for patients present-
ing with this pathology.

Even though ipsilateral approaches are the standard for
clipping paraclinoid aneurysms, some experienced neurosur-
geons have advocated the contralateral approach, asserting
that the anatomy of the paraclinoid region is best exposed
from the contralateral side [9, 13, 28, 39, 44, 46].
Furthermore, the high incidence of multiplicity shown by
paraclinoid aneurysms encourages neurosurgeons to be able
to approach both sides through a single one-sided craniotomy
[13, 28, 37, 44].

Small case series report on contralateral approaches in se-
lected patients. However, to date, there is a lack of cross-
comparative analysis assessing epidemiological, clinical, ana-
tomical, and surgical characteristics; pitfalls; limitations; and
complications of contralateral approaches in a structured way.

Methods

Relevant articles were first identified in a PubMed search by
the following Boolean search terms: “aneurysm” AND
(“approach” OR “approaches”) AND (“contralateral” OR
“unilateral” OR “bilateral”) on August 2018. All works refer-
ring to extracranial aneurysms (aortic, renal, etc.) were exclud-
ed in a first step.

In a second step, we included articles referring to intracra-
nial aneurysms in this work only if all the following criteria
were fulfilled:

* The article described explicitly the surgical treatment of
any paraclinoid aneurysm (understood as carotid-ophthal-
mic, superior hypophyseal, or carotid cave’s aneurysm)
from the contralateral side.

+ Clinical, epidemiological, surgical, and postoperative data
was available from those patients treated specifically on
paraclinoid aneurysms using a contralateral approach.

We excluded all works if any of these criteria was fulfilled:

* The work did not explicitly report the treatment of any
paraclinoid aneurysm.

@ Springer

* Paraclinoid aneurysms had not been approached
contralaterally, or the information regarding to the ap-
proach side specifically to the paraclinoid aneurysms re-
ported was irretrievable.

+ Patient’s clinical, epidemiological, surgical, and postoper-
ative data were not available, or in series reporting differ-
ent aneurysm types and approaches, the data correspond-
ing specifically to patient presenting paraclinoid aneu-
rysms clipped from the contralateral side could not be
retrieved (i.e., data were referred to the general patient
population with no discrimination of specific data from
those patients presenting paraclinoid aneurysms clipped
through a contralateral craniotomy).

The search and review process of the articles was per-
formed by the corresponding author of this work, and only
articles published in the English language were included.
After identification of relevant works, additional articles were
identified by crossing references.

We analyzed in each particular publication all data provid-
ed by the authors regarding epidemiological patient data (i.e.,
age and gender), aneurysm distribution, size, localization,
shape and projection, surgical approach used and intraopera-
tive manipulations required (optic nerve mobilization, remov-
al of the planum sphenoidale and tuberculum sellae, etc.), and
clinical outcome and complications.

Results

Applying the abovementioned Boolean search terms, the
PubMed search retrieved 639 articles, which were then
screened by the corresponding author of this work. After ex-
cluding articles concerning extracranial locations, 359 articles
were left. Finally, we identified 19 case reports and series
published between 1981 and 2018, reporting clinical and sur-
gical data of patients presenting with paraclinoid aneurysms
and who had undergone surgical treatment through a contra-
lateral approach (see Table 1).

These publications report on 138 paraclinoid aneurysms
operated via a contralateral approach. The largest series by
Andrade-Barazarte et al. comprises 30 patients with aneu-
rysms of the oICA [2]. Other further series comprised 13
and 23 patients; most other reports are single cases [33, 44]
(Table 1). Patient’s age at the time of surgery variated from
19 up to 79 years, and the number of women exceeded men
in the majority of these series (Table 1).

One hundred twenty-six aneurysms approached from
the contralateral side were unruptured. In these cases, 47
patients presented with subarachnoid hemorrhage from
other aneurysms. In these reports, the ruptured aneurysm
was generally approached first and from the ipsilateral
side. The authors then proceeded to clipping contralateral
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Complications ~ Outcome

Way to achieve
proximal control

Complete Contralateral
occlusion? optic nerve

Approach

localization

Aneurysm Aneurysm Projection
size

Sex  Aneurysm
(min/max) (%) distribution (%)

age

N Median

Table 1 (continued)

Ref.

@ Springer

mobilization

M F Unilateral Bilateral

Anteromedial 9%

Good 93%
Poor 7%

CSF leakage 7%

NS

Yes NS

Supraorbital

Superomedial 76%

Medial 13%

<7 mm96% OA
7-14 mm

85

15

17 83

Andrade-Barazarte 30 45 (19/79)

‘Wound infection 7%

2015

4%

Visual deficits 3%

NS

Superior 10%
Medial

Good

NS

NS NS

Pterional

2-14 mm OA

100

0

NS NS

5 54 (47/65)

Yu 2017

innocent aneurysms, through the same craniotomy in the
same surgical session [2, 23, 27-29, 31, 32, 37, 39, 44, 48,
50]. An exception was the case of a 48-year-old woman
who was treated for a ruptured left middle cerebral artery
aneurysm whose contralateral previously incidental
carotid-ophthalmic aneurysm ruptured intraoperatively
and was consequently clipped first [25]. Vajda et al.
approached primarily 12 ruptured carotid-ophthalmic an-
eurysms contralaterally, being 50% of these single and
50% associated to other unruptured aneurysms [44]. In
79 cases in which no subarachnoid hemorrhage occurred,
aneurysms were either diagnosed incidentally through
MRI performed for other reasons or had manifested with
visual deficits caused by direct compression of the optic
nerve [23]. Ninety-six paraclinoid aneurysms treated
through a contralateral approach were associated with an-
eurysms on the craniotomy side. Like in the 47 SAH cases
mentioned above, contralateral approaches were employed
in order to spare a second craniotomy.

Most paraclinoid aneurysms approached contralaterally
were ophthalmic artery aneurysms. Only four works reported
contralateral approaches to both ophthalmic and superior hy-
pophyseal artery aneurysms [13, 23, 32, 33]. Chen et al. con-
ducted a study of contralateral approaches specifically to su-
perior hypophyseal artery aneurysms, and Sheick et al. specif-
ically described contralateral approaches to carotid cave aneu-
rysms [5, 37]. Most aneurysms treated contralaterally were
small with maximum diameter of 2 to 10 mm. Only three
authors reported successful clipping of exceptional large or
giant aneurysms [13, 15, 44]. Aneurysm projection was al-
ways medial, with the dome directed either superiorly, inferi-
orly, anteriorly, or posteriorly (Table 1).

Most surgeons choose a pterional approach for contralater-
al clipping of paraclinoid aneurysm. Some used modifica-
tions, such as combining it with semi-sitting position in order
to reduce the venous pressure in the cavernous sinus [37]. Two
works however emphasized the effectiveness of the supraor-
bital approach to attempt clipping of contralateral paraclinoid
aneurysms [2, 13]. Sheick et al. used in a bifrontal craniotomy
in one patient to treat a contralateral carotid cave aneurysm
associated to a tuberculum sellae meningioma [37]. The same
approach was applied by Shiokawa et al. in a single case of a
contralateral approach to a medially pointing ophthalmic ar-
tery aneurysm [39].

Intraoperatively, contralateral approaches were reported to
require no or only minimal optic nerve mobilization. Only
three articles specified the need of drilling the tuberculum
sellae and/or planum sphenoidale [16, 29, 37]. Most articles
did not explicitly describe how proximal vessel control was
achieved. In general, the strategies proposed were balloon
occlusion of the internal carotid artery [5, 13, 37], clinoid
segment exposure [13, 15], and cervical carotid exposure [4,
16].
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Complete aneurysm occlusion was reported for all but
three ophthalmic aneurysms which needed to be wrapped,
since clipping was technically not possible due to aneurysm
size and configuration [13, 27]. Of 19 studies reviewed, only 2
did not provide detailed descriptions to allow us to assess
whether specifically the patients with carotid-ophthalmic an-
eurysms presented complications after surgery (although an
overall analysis among all patients with different contralateral
aneurysm localizations was provided) [44, 50]. Of the remain-
ing 17 publications, only 5 reported sporadic cases of postsur-
gical visual deterioration [2, 13, 23, 27, 33]. The percentage of
this complication ranged between 3% (1 out of 30 patients)
and 23% (3 out of 13 patients) [2, 33]. The other 3 articles
reported visual deterioration in about 10% of the patients (al-
together 3 out of 30 patients) [13, 23, 27]. Olfactory deficits
were not specifically reported in the majority of the studies (18
of 19 publications). Only Park et al. reported a single case of
anosmia [32]. Cerebrospinal fluid leak and wound infection
were reported in the work of Andrade-Barazarte with a rate of
2 cases out of 30 patients (7%) [2]. In the report of 4 patients
from Yamada et al., one patient suffered from vasospasm and
other was discharged with a mild hemiparesis due to the hem-
orrhage [48]. Other postoperative complications such as artery
dissection and infarction of the caudate nucleus were de-
scribed in only one study in one single case out of 9 patients
(11%) [23].

Good patient performance was reported between 70 and
93% (corresponding the last to the largest and one of the most
recent series published [2]). Just one small 4-patient series
from 1984 (including 2 patients with subarachnoid hemor-
rhage) reported a worse rate with one patient with good and
one with mild performance status (50% each) [48]. In all
single-patient reports, the clinical outcome was reported to
be good. Poor outcome and death rates ranged from 7 to
11% throughout all case series, compromising subarachnoid
hemorrhage only.

Discussion

Paraclinoid aneurysms tend to arise from the median aspect of
the oICA and commonly point in the same direction. This is
mainly an effect of its anatomy, namely the fact that the oph-
thalmic and the superior hypophyseal arteries arise usually
from its medial aspect and that the lateral aspect is in direct
contact to the anterior clinoid process. These anatomical char-
acteristics, added to the close relationship to the optic nerve,
likewise limit the surgical approach from the ipsilateral side.
Since the medial wall of the oICA can be exposed from the
contralateral side through the interoptic space, contralateral
approaches might offer a better solution. Aneurysm domes
projecting medially, superiorly, superomedially, or
inferomedially could thus be accessed contralaterally [8, 9,

27, 29]. Aneurysms arising from the lateral wall of the oph-
thalmic segment and projecting superolaterally or laterally in
contrast can be better approached via an ipsilateral cranioto-
my, limiting the risk of optic nerve damage and poor visuali-
zation [2]. Additionally, most works agree that the aneurysm
size should be less than 10 to 15 mm for safe clipping via the
interoptic space [2, 13, 16, 23, 49]. Larger aneurysms may
require complex surgical techniques that would require exces-
sive mobilization of the contralateral optic nerve.
Nevertheless, occlusion of a giant aneurysm through a contra-
lateral approach has been reported [15]. In this single case, the
medial projection and narrow neck favored contralateral ap-
proach, which highlights another important factor: the aneu-
rysm’s shape. According to most authors, only saccular aneu-
rysms with simple configurations make their clipping straight-
forward using the contralateral approach [2, 8, 9].

Of course, the individual size of the interoptic space has to
be considered, and most authors point out that a larger win-
dow favors contralateral approaches [2, 13, 23]. In cases
where the interoptic space is reduced or the chiasm is prefixed,
the contralateral approaches are rendered more difficult and
dangerous [5, 29, 31, 49]. Andrade-Barazarte et al. consider a
median prechiasmatic distance (distance between the anterior
borders of the chiasm to the tuberculum sellae) of 5.7 mm and
a median interoptic distance (distance between the medial as-
pects of both optic nerves at the entrance to the optic channel)
of 10.5 mm sufficient for contralateral approaches [2].
Kakizawa et al. report corresponding values of a
prechiasmatic distance of at least 5.4 mm and an interoptic
distance of 10.4 mm [16].

According to literature, contralateral approaches to the
oICA are thus feasible in 97% of the cases [2, 13, 31, 44].
This fact is illustrated in by our illustrative case (Figs. 1 and 2
and Video 1). As observed in this case, wide anatomical ex-
posure and successful clipping of a medially pointing
paraclinoid aneurysm could be achieved using a contralateral
approach, having obtained proximal carotid control by placing
angiographically a catheter into the contralateral ICA prior to
surgery, which enabled balloon occlusion of the ICA if neces-
sary. In this case, we applied a “keyhole” craniotomy propa-
gated by Perneczky and co-workers. However, the case was
selected as it illustrates the view and visualization of the ICA
from the contralateral side rather well and is not intended to
propagate the size of the craniotomy, since the discussion the
“keyhole concept” is beyond the scope of this work and has
been led elsewhere [12, 34, 35, 41, 46].

Anterior clinoidectomy, essential for the ipsilateral ap-
proaches, is not routinely required during contralateral ap-
proaches, and aneurysm exposure can be achieved with min-
imal optic nerve mobilization. This does help not only to re-
duce surgical time [16] but also to reduce the risk of visual
deterioration, a main concern in conventional ipsilateral clip-
ping of paraclinoid aneurysms [11, 19, 36, 40]. However,

@ Springer
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Fig. 1 An illustrative surgical case of a 41-year-old woman presenting in
our department with a scotoma of the right visual field caused by a
medially pointing left paraclinoid aneurysm, as demonstrated in preoper-
ative angiograms (a). Since in this case, we decided to operate via a
“keyhole” craniotomy (which is however not the point to be illustrated
or discussed); we preoperatively performed a 3D anatomical

given the heterogeneity of data, a definitive statement com-
paring visual function and neurological outcome following
ipsi- and contralateral approaches cannot be provided. For that
aim, systematic clinical trials are still needed.

Limitations of contra- compared to ipsilateral approaches
to the oICA include the need for mobilization of the olfactory
nerve (with potentially severe consequences for the quality of
life if both olfactoric nerves are damaged [3, 10, 26, 42]), the

Aneurysm

Falciform dural fold
opened

= -2

Contralateral optic nerve

-
.
T

Fig. 2 Intraoperative captures showing contralateral clipping of a
paraclinoid carotid aneurysm in our illustrative case. A supraorbital
craniotomy was performed (a) and dissection proceeded straightforward

@ Springer

reconstruction of the aneurysm and its relationships to the optic apparatus
(b) and bony structures (¢) in a virtual workspace. This allowed optimal
positioning of the “keyhole” craniotomy. Postoperative angiograms
showed a complete aneurysm occlusion (d), and the patient recovered
without adding neurological deficits or other complications

longer working distance, and the difficulty to achieve proxi-
mal vessel control.

While it remains unclear how much mobilization of the
olfactory nerve can tolerate, it has a remarkable capacity for
neural regeneration and recovery if the nerve’s continuity is
respected [17]. Therefore, great care should be taken to pre-
serve the nerve’s continuity. For unilateral approaches to bi-
lateral aneurysms of the middle cerebral artery (MCA), rates

b

Ipsilateral optic nerve

Aneurysm

Falciform dural fold

Contralateral optic nerve

Aneurysm clipped

\ a

i; - s
il > &

towards the optic apparatus. The aneurysm dome could be fully exposed
through the space between both optic nerves (b, ¢), and clipping could be
performed successfully needing minimal optic nerve mobilization (d)
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of hyposmia and anosmia of 8 and 13% have been reported [2,
7]. In the series of Yu et al. [50], the rate of hyposmia for
contralateral approaches was 6.3%. Park et al. report
hyposmia and anosmia rates of 17 and 42% in 12 patients
operated from the contralateral side [32]. This however in-
cludes 10 patients with aneurysms located more distally
(ICA bifurcation or MCA) which require the placement of a
self-retaining retractor on the inferior surface of both frontal
lobes, submitting both olfactory nerves to higher injury risk
[7,32].

The difficulty to achieve proximal vessel control during
contralateral approaches to the oICA has been mentioned
by several authors [2, 5, 13, 37]. Due to patient’s position-
ing, cervical portion of the ICA is pointing away from the
surgical field, rendering cervical ICA compression or liga-
tion difficult. The same applies to exposure of ICA’s pe-
trous segment. Achieving proximal control therefore re-
quires application of other techniques. For aneurysms aris-
ing distally to the clinoid ICA, the resection of the distal
dural ring of the ICA can be performed without causing
major bleeding from the cavernous sinus, exposing about 3
additional mm of the ICA which might be just enough for
placement of a temporary clip [13]. For more proximally
located aneurysms, balloon occlusion of the ICA can be
performed [5, 13, 37]. Other surgeons use adenosine-
induced transitory cardiac arrest, a method which has been
demonstrated to be safe and effective in aneurysm micro-
surgery if correctly applied [1, 2, 22, 24]. Finally, the ap-
plication of a radiolucent Sugita head frame, which enables
head rotation, to enable contralateral cervical ICA expo-
sure has been suggested [4]. Fortunately, since contralater-
al approaches are generally recommended for unruptured
aneurysms and a careful patient selection is required, intra-
operative rupture of aneurysms approached contralaterally
remains a rare event [2, 9, 13, 16, 23].

Conclusion

Contralateral approach can be effective to clip medially
pointing, unruptured, preferably small paraclinoid ICA aneu-
rysms. The contralateral approach seems to reduce the need of
optic nerve mobilization and anterior clinoidectomy associat-
ed with the risk of visual deterioration. Even though surgical
trials comparing ipsi- vs. contralateral approaches in a system-
atic fashion are still needed, published cases show that if pa-
tients are correctly selected and the individual anatomy is
carefully considered, excellent results can be achieved.
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