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Microneurosurgery for Paraclinoid
Aneurysms in the Context of Flow

Diverters

Sabino Luzzi, Mattia Del Maestro, and Renato Galzio

Introduction

Paraclinoid internal carotid artery (ICA) lies between the
distal dural ring and the origin of the posterior communicat-
ing artery. Aneurysms involving this segment pose extraor-
dinary challenges regarding the achievement of proximal
hemodynamic control and safe intracranial exposure. The
advent of the endovascular era, but especially the imple-
mentation of flow diverter (FD) stents in the last few years,
have apparently shifted the treatment of paraclinoid aneu-
rysms away from microneurosurgery. However, the not neg-
ligible number of reported complications related to
endovascular techniques, the lack of randomized clinical
trials, the relative brevity of experience with FD stents, their
questionable use in hemorrhagic cases, and their yet unde-
fined risk of ophthalmic artery occlusion, cause one to con-
tinue to consider microneurosurgery as a valuable option
especially in young, visually symptomatic patients harbor-
ing large or giant aneurysms.

While admitting the actual achievements of FDs, the
present study is aimed to critically review the results of
microneurosurgery in a retrospective surgical series of para-
clinoid aneurysms to differentiate those more indicated for
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surgery from those instead of more suitable for endovascu-
lar therapy.

Materials and Methods

The present series employed Barami’s classification of para-
clinoid aneurysms (Table 1) [1]. Data about demographics,
clinical onset, Barami’s type site and size, approaches, as
well the neurological and visual outcome of 53 patients con-
secutively operated for one or more paraclinoid aneurysms
have been retrospectively reviewed. All the aneurysms were
operated by the senior author (RG) in three different hospi-
tals between January 1993 and December 2018. Because of
their different natural history and particular characteristics,
blister aneurysms were excluded from this study. Type IIIb
and IV were also ruled out since nowadays these are cer-
tainly best managed by endovascular treatment. Neurological
outcome was evaluated with the modified Rankin Scale [3],
whereas angiographic outcome was evaluated upon the com-
plete exclusion of the aneurysm at six-month follow-up.
Visual outcome was measured based on the perimetry assess-
ment at six-month follow-up.

Results
Demographics and Clinical Data

The Average patient age was 47.2 = 12.6 years. Admission
contrast-enhanced computed tomography (CT) angiogra-
phy and digital subtraction angiography (DSA) were per-
formed in all aneurysms, the former also providing details
of the relationship between the aneurysm and anterior cli-
noid process. In non-hemorrhagic cases, the need for a
DSA balloon test occlusion (BTO) was assessed on a case-
by-case basis. A contrast-enhanced MRI was performed in
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Table 1 Barami classification of paraclinoid aneurysms [1]

Carotid segment
(according to Bouthillier
Type Classification) [2] Surface Relation Comments Scheme
la Co6 Superior Ophthalmic Medial or lateral to ON
Ib C6 Superior None Lateral to ON
1T C6 Ventral None Dome projects into CS roof
IIIa C6 Medial SHA Carotid cave aneurysms Project over DS
11Ib C5 Medial SHA Transitional aneurysms.
Infradiaphragmatic
v C5,Co6 Ventral None Giant aneurysms extending between C5
and C6 segments.
Widen distal dural ring

CS cavernous sinus, DS diaphragma sella, ON optic nerve, SHA superior hypophyseal artery

all giant aneurysms to reveal eventual intraluminal throm-
boses. In 21 patients, subarachnoid hemorrhage was the
clinical onset, the average admission Hunt-Hess score
being 2.1 = 1 and mean Fisher grade 1.8 + 0.9 in these
patients. Most of the aneurysms (47.4%) ranged between 7
and 12 mm in size, and Barami’s type I was predominant.
Table 2 reports the prevalence of Barami’s types according
to size (Table 2). In hemorrhagic cases, patients having an
admission Hunt-Hess score ranging between 1 and 3
mainly underwent surgery. Exceptions regarded rare cases
of young patients having an impending life hematoma. In
these rare instances, the indication for surgery was based
mainly upon an evidence-based management algorithm
about intracerebral hemorrhages reported by our group
[4]. In 94% of cases, an early surgery (within 24 h) was
performed, the remaining cases being been deferred
because of evidence of vasospasm or poor neurological
status. A total of 57 aneurysms were consecutively oper-
ated on; six patients had two aneurysms and one patient
harbored three different aneurysms. In three patients, sur-
gery was performed after initial endovascular coiling was
ultimately incomplete or unsuccessful. Conversely, four
previously operated patients underwent an endovascular
treatment because of the need for retreatment of the same
aneurysm or for a different aneurysm.

Surgery

Approach Selection and Proximal Hemodynamic
Control
Pterional approach was used as a rule, although in selected
cases of complex or giant aneurysms involving the back wall
of the ICA, cranio-orbitary approaches were useful to maxi-
mize the handling.

Exposure of the cervical ICA was reserved to complex
or giant aneurysms, especially if a hemorrhagic onset

Table 2 Prevalence of Barami types according to size

N (%) Size
Regular | Large and
Small (7- very large Giant
Barami (7mm) | 12mm) | (13-24 mm) | (25 mm)
type [1] N@%) |N©%) N N (%)
Type Ia 35 7(20%) |16 5 (14.3%) 7 (20%)
(61.4%) (45.7%)
Type Ib 3 - 2 - 1
(5.3%) (66.7%) (33.3%)
Type 11 6 1 2 2 (33.3%) 1
(10.5%) | (16.7%) | (33.3%) (16.7%)
Type Illa |13 1 7 3(23.1%) 2
(22.8%) | (1.7%) | (53.8%) (15.4%)
Type llIb | — - - - -
Type IV - - - - -
Tot. 57 9 27 10 (7.5%) 11
(15.8%) | (47.4%) (19.3%)

occurred. It also allowed for both for an eventual temporary
occlusion and for the retrograde suction decompression,
Dallas technique [5], used in some giant aneurysms.
Intradural anterior clinoidectomy was always preferred to
that extradural to decrease the risk of aneurysm rupture.

Direct vs. Indirect Treatment

A direct treatment was possible in 52 aneurysms (91.2%)
and, in all these cases, it consisted of a clip ligation. In five
aneurysms, an extracranial to intracranial high-flow bypass
was performed before the trapping. The saphenous vein
and the radial artery were the conduits in two and three
cases, respectively. During direct treatment, temporary
clipping of the parent vessel and bipolar aneurysm shrink-
ing were the most frequently used techniques. Furthermore,
stacking-seating clipping technique, retrograde suction-
decompression, aneurysmorrhaphy, and aneurysmectomy
were commonly employed, particularly for giant aneu-
rysms. A total of 57 aneurysms were successfully treated.
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Temporary Clipping and Neurophysiological
Monitoring

In all cases of temporary clipping carried out in elective con-
ditions, anesthesia protocol used for burst suppression and
intraoperative neurophysiological monitoring was the same
already reported by our group for most of the neurovascular
pathologies [6—-14]. A combined somatosensory-motor
evoked potentials and EEG-based monitoring was intro-
duced in 2012 and, since that time, routinely employed for
all complex ICA aneurysms electively treated.

Technological Adjuvants and Flow Assessment
Techniques

The Endoscope-assisted technique was utilized by default
in all the aneurysms involving the back wall of the ICA. A
rigid 0° or 30°, 4-mm endoscope was employed in all cases.
The details of the endoscope-assisted technique for ICA
aneurysms have been described elsewhere by our group
[15, 16]. Flow assessment techniques were essential in all
cases. They involved micro-Doppler ultrasound (MDU)
(20 MHz System, Mizuho Medical Co., Ltd., Tokyo, Japan)
since 2007, indocyanine green (ICG) video angiography
(Flow 800 Infrared Module, OPMI Pentero 800, Zeiss,
Oberkochen, Germany) since 2009, and fluorescein angi-
ography (Yellow 560 Fluorescence Module, Kinevo 900,
Zeiss, Oberkochen, Germany) since 2018. Charbel micro-
flow probe (Intracranial Charbel Micro-Flow Probe,
Transonic Systems Inc., New York, USA) was also used in
some cases.

Neurological Outcome

An overall mRS of 0-2 was achieved in 77.3% of patients,
87.5% of which were elective. The best outcome was
achieved in non-hemorrhagic cases and in patients <50 years
old. Table 3 reports the overall outcome according to clinical
onset (Table 3).

Visual Outcome

In patients suffering a preoperative visual impairment con-
cern, visual field test appeared improved or unchanged in
36.3% and 63.6% of cases, respectively. Campimetry was

Table 3 Neurological outcome according to the clinical onset

mRS 02 mRS34 mRS5 |mRS6
Clinical onset (N/%) (NI/%) (N/%) (NI/%) (N/%)
Non- 32 28 3(9.3%) |- 1
hemorrhagic | (60.3%) | (87.5%) (3.1%)
Hemorrhagic | 21 13 5 1 2
(39.6%) |(61.9%) |(23.8%) |(4.7%) |(9.5%)
Tot. 53 41 8(15%) |1 3
(77.3%) (1.8%) |(5.6%)

mRS modified Rankin Score

unchanged also in 76.1% of patients who had a preoperative
normal visual field. Table 4 reports the visual overall out-
come in unruptured aneurysms according to preoperative
visual impairment (Table 4).

Angiographic Outcome

All but four patients underwent postoperative angiogra-
phy at six-month follow-up. Apart from cases of rem-
nants, all the patients underwent a CT angiography for
further follow-ups. The total exclusion of the aneurysms
with a single procedure was achieved in 93% of the
patients. In four cases, two elective and two hemorrhagic,
a remnant of a single aneurysm was revealed, and the
patient underwent endovascular treatment. No recurrences
were documented during an average follow-up of
54.1 £ 34 months.

IHlustrative Cases

Case #1 Unruptured Giant Barami Type Il Aneurysm in
a Visually Symptomatic Patient. A 34-year-old female suf-
fered a right eye progressive visual impairment (Fig. 1). CT
angiography and DSA revealed a right giant Barami type II
paraclinoid aneurysm (Fig. 1a—c). She also had a small basi-
lar tip aneurysm (Fig. 1d). The patient passed the BTO of the
right ICA and underwent surgery. A right pterional approach,
comprehending an intradural anterior clinoidectomy, was
performed, and the aneurysm was successfully clipped with
three Yasargil standard clips (Fig. 1g). Basilar tip aneurysm
was clipped also. The patient was discharged on the fifth
postoperative day. At six-month DSA, a very small remnant
was revealed, and the patient underwent radiological follow-
up (Fig. 1i). Three months after surgery, the patient had com-
pletely recovered the preoperative visual field deficit
(Fig. 1m, n).

Case #2 Ruptured Very Large Barami Type II
Aneurysm. A 37-year-old female was diagnosed with a
subarachnoid hemorrhage (Fig. 2). CT angiography and

Table 4 Visual outcome in elective aneurysms

Preoperative visual | Improved | Unchanged | Worsened | De Novo

impairment (N/%) (N/%) (N/%) (N/%) (NI%)

Absent 21 - 16 - 3
(65.6%) (76.1%) (14.2%)

Present 11 4 7(63.6%) |2 -
(34.3%) | (36.3%) (18.1%)

Tot. 32 4 23 2(6.2%) |3(9.3%)

(12.5%) | (71.8%)
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Fig. 1 Illustrative Case #1, regarding a 34-year-old female with a right
eye progressive visual impairment. (a) CT angiography and DSA (b) of
the right ICA in anterior-posterior and lateral (¢) projection showing a
right giant Barami type II paraclinoid ICA aneurysm. (d) DSA of the
left VA showing a basilar tip aneurysm. (e) Intradural clinoidectomy
during a right pterional approach. (f, g) Clipping of the aneurysms with
the stacking-seating technique. (h) Intraoperative ICG videoangiogra-

DSA revealed a right very large Barami type II paracli-
noid ICA aneurysm (Fig. 2a—c). Early surgery was per-
formed, and the patient wunderwent a right
fronto-temporo-orbitary approach with an intradural ante-
rior clinoidectomy after having exposed the ICA at the
neck. The aneurysm was easily clipped with two tandem
angled fenestrated clips (Fig. 2d—i). The Postoperative CT
scan did not show ischemic complication (Fig. 2I) and the
patient was discharged 10 days later without deficits. The

phy showing the complete exclusion of the aneurysm. (i) Postoperative
DSA of the right ICA in anterior-posterior projection showing a very
small remnant of the aneurysm. (j) DSA of the vertebrobasilar system
revealing a complete exclusion of the basilar tip aneurysm. Preoperative
(k) and postoperative (1) visual field test of the right eye, confirming a
dramatic improvement

six-month DSA confirmed the complete exclusion of the
aneurysm (Fig. 2m, n).

Discussion

The natural history of paraclinoid aneurysms is character-

ized by progressive and slow-growing until it reaches large
or giant size without rupture. Hunterian ligation, with or

»

Fig. 2 Illustrative Case #2, regarding a 37-year-old female who was
diagnosed with a subarachnoid hemorrhage (a). CT angiography (b)
and DSA (c) of the right ICA showing a right large Barami type II
paraclinoid aneurysm. An intradural clinoidectomy with a piezoelectric
bone scalpel (d) during a fronto-temporo-pterional-orbitary approach
allowed to fully expose the aneurysm (e, f). (g, h) Clipping of the aneu-

rysm with the tandem angled fenestrated clipping technique. (i)
Intraoperative ICG videoangiography confirming the complete exclu-
sion of the aneurysm. (j) Late postoperative CT scan showing no isch-
emic complication. (k, 1) DSA of the right ICA in anterior-posterior
projection showing the optimal visualization of the paraclinoid ICA
and ophthalmic artery and the exclusion of the aneurysm
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without revascularization, has in the past been the treat-
ment of choice for most of these lesions. However, as
opposed to distal aneurysms, for which it has been reported
to be usually decisive [17, 18], the straightforward proxi-
mal occlusion of the ICA is associated with an early recan-
alization of the aneurysm throughout the backflow.
Accordingly, surgery shifted toward a direct treatment of
this type of the aneurysms. The advent of the endovascular
era has dramatically increased the spectrum of possible
treatments for intracranial aneurysms, paraclinoid ones
included. Moreover, with the introduction of FD stents,
which find their main application right in ICA aneurysms,
a quiet revolution within the endovascular techniques hap-
pened. A wide volume of literature confirms today the
effectiveness and safety of FDs, especially for ICA aneu-
rysms, therefore supporting them as the first-line treatment
for most paraclinoid aneurysms [19-22]. Recently, FDs
have also been associated with a high rate of visual improve-
ment in symptomatic patients, without differences in terms
of worsened vision or iatrogenic visual impairment as com-
pared with clipping and coiling techniques [23]. While
admitting the practical role of FDs in the treatment of a
large part of ICA aneurysms as those wide-necked, fusi-
form, dissecting, blister-like, or ventral giant, the enthusi-
astic attitude toward the flow diversion ought to be
counterbalanced by a series of drawbacks to be taken into
account. First, FDs have been reported to be associated
with a not negligible number of serious complications [24];
second, their use in hemorrhagic cases is still pioneering;
third, the associated risk of ophthalmic artery occlusion in
paraclinoid aneurysms is yet undefined; fourth, their actual
effectiveness is not supported by high-quality evidence
[25]. Last but far from least, FDs require long-term or
chronic anticoagulation, which is extremely inconvenient
for patients with a long life expectancy.

All these aspects compel one to consider microneurosur-
gery as a still valuable option, especially in young and visu-
ally symptomatic patients harboring large or giant
aneurysms. In addition to the undoubtedly proven durabil-
ity of the microneurosurgical treatment, the results of the
present series documented a very good neurological and
visual outcome in patients <50 years old harboring dorsal
paraclinoid ICA aneurysms but also type II ventral ones.
These cases are essentially those for which microneurosur-
gery is primarily indicated because it offers some unques-
tionable advantages compared with flow diversion.
Conversely, FDs should be considered as the first option in
the superior hypophyseal artery and carotid cave aneu-
rysms, especially if these are small, unruptured, or occur in
older and asymptomatic patients. Although not reported in
the present series, blister aneurysms also seem to have a
clear indication to flow diversions even in hemorrhagic
cases [26]. From a technical standpoint, the key aspect in

the management of these aneurysms is the anterior clinoid-
ectomy. Regardless of the surgeon’s preference for an
extradural rather than an intradural approach, it should be
stressed that anterior clinoidectomy plays the same role for
paraclinoid aneurysms that condylectomy of jugular
tuberculectomy play in the vertebro-basilar junction or ver-
tebral artery-posterior inferior cerebellar artery aneurysmes:
both have been reported as an essential step to achieve the
widest and most unobstructed view possible of the target
[27, 28]. Indeed, the paramount concept of maximizing the
bony removal to avoid mechanical retraction of the neuro-
vascular structures is common to both skull base and neuro-
vascular surgery. Paraclinoid aneurysms constitute a
formidable challenging for which the mastery of neurovas-
cular and skull base surgery techniques are mandatory, they
being both achievable uniquely by means of a constant
microneurosurgical training, as stressed by our group [29].

In conclusion, elective patients <50 years old, visually symp-
tomatic, and harboring a Barami’s type Ia, Ib or II paraclinoid
aneurysm, especially if large or giant, are the best candidates for
microneurosurgery. Conversely, older patients having a superior
hypophysial, carotid cave, or blister aneurysm seem to be more
likely for endovascular therapy, FDs first. Hemorrhagic cases
are still a subject of discussion, however, and worthy of a multi-
disciplinary evaluation on a case-by-case basis.

Acknowledgments We want to thank Eng. Giorgia Di Giusto for the
outstanding and continuous technical support.

Ethical Approval This study was approved by the Internal Advisory
Board.

Conflict of Interest Statement The authors declare that
they have no conflict of interest.

References

1. Barami K, Hernandez VS, Diaz FG, Guthikonda M (2003) Paracli-
noid carotid aneurysms: surgical management, complications, and
outcome based on a new classification scheme. Skull Base 13:31-
41. https://doi.org/10.1055/s-2003-820555

2. Bouthillier A, van Loveren HR, Keller JT (1996) Segments of the
internal carotid artery: a new classification. Neurosurgery 38:425—
432; discussion 432-3.

3. van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn J
(1988) Interobserver agreement for the assessment of handicap in
stroke patients. Stroke 19:604-607

4. Luzzi S, Elia A, Del Maestro M, Morotti A, Elbabaa SK, Caval-
lini A, Galzio R (2019) Indication, timing, and surgical treatment
of spontaneous intracerebral hemorrhage: systematic review and
proposal of a management algorithm. World Neurosurg. https://doi.
org/10.1016/j.wneu.2019.01.016

5. Batjer HH, Samson DS (1990) Retrograde suction decompres-
sion of giant paraclinoidal aneurysms. Technical note. J Neurosurg
73:305-306. https://doi.org/10.3171/jns.1990.73.2.0305


https://doi.org/10.1055/s-2003-820555
https://doi.org/10.1016/j.wneu.2019.01.016
https://doi.org/10.1016/j.wneu.2019.01.016
https://doi.org/10.3171/jns.1990.73.2.0305

Microneurosurgery for Paraclinoid Aneurysms in the Context of Flow Diverters

53

6.

10.

11.

12.

13.

14.

15.

16.

17.

Open Access

Luzzi S, Del Maestro M, Bongetta D, Zoia C, Giordano AV,
Trovarelli D, Raysi Dehcordi S, Galzio RJ (2018) Onyx embo-
lization before the surgical treatment of grade iii spetzler-martin
brain arteriovenous malformations: single-center experience and
technical nuances. World Neurosurg 116:¢340-e353. https://doi.
org/10.1016/j.wneu.2018.04.203

. Del Maestro M, Luzzi S, Gallieni M, Trovarelli D, Giordano AV,

Gallucci M, Ricci A, Galzio R (2018) Surgical treatment of arte-
riovenous malformations: role of preoperative staged embolization.
Acta Neurochir Suppl 129:109-113. https://doi.org/10.1007/978-3-
319-73739-3_16

. Luzzi S, Gallieni M, Del Maestro M, Trovarelli D, Ricci A, Gal-

zio R (2018) Giant and very large intracranial aneurysms: surgi-
cal strategies and special issues. Acta Neurochir Suppl 129:25-31.
https://doi.org/10.1007/978-3-319-73739-3_4

. Luzzi S, Gragnaniello C, Giotta Lucifero A, Del Maestro M, Gal-

zio R (2020) Microneurosurgical management of giant intracra-
nial aneurysms: Datasets of a twenty-year experience. Data Brief
33:106537. https://doi.org/10.1016/j.dib.2020.106537

Luzzi S, Gragnaniello C, Giotta Lucifero A, Del Maestro M, Galzio
R (2020) Surgical Management of Giant Intracranial Aneurysms:
Overall Results of a Large Series. World Neurosurg. https://doi.
org/10.1016/j.wneu.2020.08.004

Luzzi S, Gragnaniello C, Giotta Lucifero A, Marasco S, Elsawaf
Y, Del Maestro M, Elbabaa SK, Galzio R (2020) Anterolateral
approach for subaxial vertebral artery decompression in the treat-
ment of rotational occlusion syndrome: results of a personal series
and technical note. Neurol Res:1-16. https://doi.org/10.1080/01616
412.2020.1831303

Luzzi S, Gragnaniello C, Marasco S, Lucifero AG, Del Maestro M,
Bellantoni G, Galzio R (2020) Subaxial Vertebral Artery Rotational
Occlusion Syndrome: An Overview of Clinical Aspects, Diagnos-
tic Work-Up, and Surgical Management. Asian Spine J. https://doi.
org/10.31616/asj.2020.0275

Luzzi S, Del Maestro M, Elbabaa SK, Galzio R (2020) Letter to
the Editor Regarding “One and Done: Multimodal Treatment of
Pediatric Cerebral Arteriovenous Malformations in a Single Anes-
thesia Event”. World Neurosurg 134:660. https://doi.org/10.1016/j.
wneu.2019.09.166

Luzzi S, Del Maestro M, Galzio R (2019) Letter to the Editor. Pre-
operative embolization of brain arteriovenous malformations. J
Neurosurg:1-2. https://doi.org/10.3171/2019.6.JNS191541
Gallieni M, Del Maestro M, Luzzi S, Trovarelli D, Ricci A, Galzio
R (2018) Endoscope-assisted microneurosurgery for intracranial
aneurysms: operative technique, reliability, and feasibility based on
14 years of personal experience. Acta Neurochir Suppl 129:19-24.
https://doi.org/10.1007/978-3-319-73739-3_3

Arnaout MM, Luzzi S, Galzio R, Aziz K (2020) Supraorbital key-
hole approach: Pure endoscopic and endoscope-assisted perspec-
tive. Clin Neurol Neurosurg 189:105623. https://doi.org/10.1016/j.
clineuro.2019.105623

Ricci A, Di Vitantonio H, De Paulis D, Del Maestro M, Raysi SD,
Murrone D, Luzzi S, Galzio RJ (2017) Cortical aneurysms of the
middle cerebral artery: a review of the literature. Surg Neurol Int
8:117. https://doi.org/10.4103/sni.sni_50_17

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Steven DA, Lownie SP, Ferguson GG (2007) Aneurysms of the
distal anterior cerebral artery: results in 59 consecutively managed
patients. Neurosurgery 60:227-233; discussion 234. https://doi.
org/10.1227/01.NEU.0000249267.33945.E7

Becske T, Brinjikji W, Potts MB, Kallmes DF, Shapiro M, Moran
ClJ, Levy EI, McDougall CG, Szikora I, Lanzino G, Woo HH, Lopes
DK, Siddiqui AH, Albuquerque FC, Fiorella DJ, Saatci I, Cekirge SH,
Berez AL, Cher DJ, Berentei Z, Marosfoi M, Nelson PK (2017) Long-
term clinical and angiographic outcomes following pipeline emboli-
zation device treatment of complex internal carotid artery aneurysms:
five-year results of the pipeline for uncoilable or failed aneurysms
trial. Neurosurgery 80:40—48. https://doi.org/10.1093/neuros/nyw014
Fang S, Lanzino G (2014) Paraclinoid aneurysms: is there a new
endovascular standard? Neurol Res 36:314-322. https://doi.org/10.
1179/1743132814Y.0000000326

Moon K, Albuquerque FC, Ducruet AF, Webster Crowley R,
McDougall CG (2014) Treatment of ophthalmic segment carotid
aneurysms using the pipeline embolization device: clinical and
angiographic follow-up. Neurol Res 36:344-350. https://doi.org/10
.1179/1743132814Y.0000000322

Zanaty M, Chalouhi N, Barros G, Schwartz EW, Saigh MP, Starke
RM, Whiting A, Tjoumakaris SI, Hasan D, Rosenwasser RH,
Jabbour P (2015) Flow-diversion for ophthalmic segment aneu-
rysms. Neurosurgery 76:286-289; discussion 289-90. https://doi.
org/10.1227/NEU.0000000000000607

Silva MA, See AP, Dasenbrock HH, Patel NJ, Aziz-Sultan MA
(2017) Vision outcomes in patients with paraclinoid aneurysms
treated with clipping, coiling, or flow diversion: a systematic review
and meta-analysis. Neurosurg Focus 42:E15. https://doi.org/10.317
1/2017.3.FOCUS1718

Zhou G, Su M, Yin YL, Li MH (2017) Complications associated
with the use of flow-diverting devices for cerebral aneurysms: a
systematic review and meta-analysis. Neurosurg Focus 42:E17.
https://doi.org/10.3171/2017.3.FOCUS 16450

Arrese I, Sarabia R, Pintado R, Delgado-Rodriguez M (2013) Flow-
diverter devices for intracranial aneurysms: systematic review and
meta-analysis. Neurosurgery 73:193-199; discussion 199-200.
https://doi.org/10.1227/01.neu.0000430297.17961.f1

Linfante I, Mayich M, Sonig A, Fujimoto J, Siddiqui A, Dabus G
(2017) Flow diversion with Pipeline Embolic Device as treatment
of subarachnoid hemorrhage secondary to blister aneurysms: dual-
center experience and review of the literature. J Neurointerv Surg
9:29-33. https://doi.org/10.1136/neurintsurg-2016-012287
Choque-Velasquez J, Hernesniemi J (2018) Anterior clinoidectomy
for paraclinoid aneurysms in Helsinki Neurosurgery. Surg Neurol
Int 9:185. https://doi.org/10.4103/sni.sni_261_18

Kamide T, Tabani H, Saface MM, Burkhardt JK, Lawton MT
(2018) Microsurgical clipping of ophthalmic artery aneurysms: sur-
gical results and visual outcomes with 208 aneurysms. J Neurosurg
129:1511-1521. https://doi.org/10.3171/2017.7.JNS17673

Del Maestro M, Rampini Angela D, Mauramati S, Giotta Lucifero
A, Bertino G, Occhini A, Benazzo M, Galzio R, Luzzi S (2020)
Dye-Perfused Human Placenta for Vascular Microneurosurgery
Training: Preparation Protocol and Validation Testing. World Neu-
rosurg. https://doi.org/10.1016/j.wneu.2020.11.034

This chapter is licensed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.

org/licenses/by/4.0/), which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's Creative Commons license, unless indicated otherwise in

a credit line to the material. If material is not included in the chapter's Creative Commons license and your intended use is not permitted by statu-
tory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.


https://doi.org/10.1016/j.wneu.2018.04.203
https://doi.org/10.1016/j.wneu.2018.04.203
https://doi.org/10.1007/978-3-319-73739-3_16
https://doi.org/10.1007/978-3-319-73739-3_16
https://doi.org/10.1007/978-3-319-73739-3_4
https://doi.org/10.1016/j.dib.2020.106537
https://doi.org/10.1016/j.wneu.2020.08.004
https://doi.org/10.1016/j.wneu.2020.08.004
https://doi.org/10.1080/01616412.2020.1831303
https://doi.org/10.1080/01616412.2020.1831303
https://doi.org/10.31616/asj.2020.0275
https://doi.org/10.31616/asj.2020.0275
https://doi.org/10.1016/j.wneu.2019.09.166
https://doi.org/10.1016/j.wneu.2019.09.166
https://doi.org/10.3171/2019.6.JNS191541
https://doi.org/10.1007/978-3-319-73739-3_3
https://doi.org/10.1016/j.clineuro.2019.105623
https://doi.org/10.1016/j.clineuro.2019.105623
https://doi.org/10.4103/sni.sni_50_17
https://doi.org/10.1227/01.NEU.0000249267.33945.E7
https://doi.org/10.1227/01.NEU.0000249267.33945.E7
https://doi.org/10.1093/neuros/nyw014
https://doi.org/10.1179/1743132814Y.0000000326
https://doi.org/10.1179/1743132814Y.0000000326
https://doi.org/10.1179/1743132814Y.0000000322
https://doi.org/10.1179/1743132814Y.0000000322
https://doi.org/10.1227/NEU.0000000000000607
https://doi.org/10.1227/NEU.0000000000000607
https://doi.org/10.3171/2017.3.FOCUS1718
https://doi.org/10.3171/2017.3.FOCUS1718
https://doi.org/10.3171/2017.3.FOCUS16450
https://doi.org/10.1227/01.neu.0000430297.17961.f1
https://doi.org/10.1136/neurintsurg-2016-012287
https://doi.org/10.4103/sni.sni_261_18
https://doi.org/10.3171/2017.7.JNS17673
https://doi.org/10.1016/j.wneu.2020.11.034
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Microneurosurgery for Paraclinoid Aneurysms in the Context of Flow Diverters
	Introduction
	Materials and Methods
	Results
	Demographics and Clinical Data
	Surgery
	Approach Selection and Proximal Hemodynamic Control
	Direct vs. Indirect Treatment
	Temporary Clipping and Neurophysiological Monitoring
	Technological Adjuvants and Flow Assessment Techniques
	Neurological Outcome
	Visual Outcome
	Angiographic Outcome

	Illustrative Cases

	Discussion
	References




