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Objective : Paraclinoid segment internal carotid artery {ICA) aneurysms have historically been a technical challenge for neurovascular surgeons.
The development of microsurgical approach, advances in surgical techniques, and endovascular procedures have improved the outcome for
paraclinoid aneurysms. However, many authars have reported high complication rates from microsurgical treatments. Therefore, the present
study reviews the microsurgical complications of the extradural anterior clinoidectomy for treating paraclinoid aneurysms and investigates the
prevention and management of observed complications.

Methods : Between January 2004 and April 2008, 22 patients with 24 paraclinoid aneurysms underwent microsurgical direct clipping by a
cerebrovascular team at a regional neurosurgical center. Microsurgery was performed via an ipsilateral pterional approach with extradural
anterior clinoidectomy. We retrospectively reviewed patients’ medical charts, office records, radiographic studies, and operative records.
Results : In our series, the clinical outcomes after an ipsilateral pterional approach with extradural anterior clinoidectomy for paraclinoid
aneurysms were excellent or good (Glasgows Outcome Scale : GOS 5 or 4) in 87.5% of cases. The microsurgical complications related directly to
the extradural anterior clinoidectomy included transient cranial nerve palsy (6), cerebrospinal fluid leak (1), worsened change in vision (1), unplanned
ICA acclusion (1), and epidural hematoma {1). Only one of the complications resulted in permanent morbidity (4.2%), and none resulted in death.
Conclusion : Although surgical complications are still reported to occur more frequently for the treatment of paraclinoid aneurysms, the
permanent morbidity and mortality resulting from a extradural anterior clinoidectomy in our series were lower than previously reported. Precise
anatomical knowledge combined with several microsurgical tactics can help to achieve good outcomes with minimal complications.
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INTRODUCTION morbidity and mortality®”'*®. Before the development of

skull base techniques, the approach for these aneurysms was
difficult because the anterior clinoid process (ACP) obstruct-
ed the surgical field and restricted the surgeon’s working

The paraclinoid segment of the internal carotid artery
(ICA) has been named the area from where it exits the

cavernous sinus and enters the subarachnoid space to the
origin of the posterior communicating artery">**%,
Aneurysms arising from the paraclinoid segment have pre-
sented unique challenges in both diagnosis and microsurgical
management because of their unique anatomic location, and
these types of aneurysms have been associated with high
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space. The clipping of paraclinoid aneurysms, while attempt-
ing to preserve the ophthalmic artery and maintain patency
of the ICA, is a technically difficult procedure. A significant
number of paraclinoid aneurysms present as giant aneu-
rysms"*2*%, lesions that may further add to the difficulties
of management.

However, advances in skull base approaches
8,16,24

10,11

), especially
the extradural anterior clinoidectomy®'**”, have greatly
improved surgical outcomes for patients with paraclinoid
aneurysms. Furthermore, endovascular procedures have be-
come alternative treatments for paraclinoid aneurysms'*?".
However, microsurgery continues to result in a larger percen-

tage of total occlusions compared to other methods, especi-
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ally for large and giant aneurysms, because total obliteration
with endovascular treatment is not as likely as it is with sur-
gery"***, and coiling procedures have been associated with
a higher rate of recurrent aneurysms compared with that of sur-
gical treatment™'”. Although the extradural anterior clinoi-
dectomy was developed specifically to improve outcomes for
paraclinoid aneurysms, many authors still report high com-
plication rates resulting from this approach®*6>111929,

The purposes of this study are to review our recent experi-
ences using a extradural anterior clinoidectomy to surgically
repair paraclinoid segment aneurysms and to analyze the
microsurgical complications we have experienced. We also
analyzed how to avoid and to manage potential complica-
tions based on these results.

MATERIAL AND METHODS

Between January 2004 and April 2008, 22 patients with
24 paraclinoid aneurysms underwent microsurgical direct
dipping by a cerebrovascular team at a regional neurosurgical
center. We retrospectively analyzed the clinical records in
patients with these aneurysms. All paraclinoid aneurysms
were confirmed using digjtal subtraction angjography (DSA),
three-dimensional computed tomography angiography
(CTA), preoperative temporal bone computed tomography
(CT), and magnetic resonance imaging (MRI) (in 12 of the
patients). Microsurgery was performed via an ipsilateral
pterional craniotomy and with an extradural, extended
anterior clinoidectomy®'**%, We retrospectively reviewed
the patients’ medical charts, office records, radiographic
studies, operative records, and videos.

Clinical presentations

The 22 patients included 5 men and 17 women ranging in
age from 42 to 69 years (mean 53.5). The clinical presenta-
tions of the 24 paraclinoid aneurysms include headache in
four cases (16.6%), subarachnoid hemorrhage in six cases
(25%), transient ischemic attack or stroke in one case (4.2%),
dizziness in one case (4.2%), diplopia in one case (4.2%) and
incidental findings including three cases with ruptured other
aneurysm in 11 cases (45.8%) (Table 1). In nine patients with
subarachnoid hemorthages, the Hunt and Hess grade was II
in five patients, III in one patient, and IV in three patients.
Among 22 patients, seven (31.6%) had multiple intracranial
ancurysms and three (13.6%) had other aneurysms in the
paraclinoid segment.

Aneurysm characteristics
According to an anatomic system based on the aneurysm’s
presumed vessels of origin and location on the ICA*, the

Tabie 1. Clinical presentations of 22 patients with 24 paraciinoid aneurysms

Clinical presentation - Ne.lw)
Incidental 11 (45.8)
Ruptured other aneurysm 3(12.5)
Unruptured other aneurysm 2(8.4)
Screening or athers 6(25.0)
Subarachnoid Hemorrhage 6(25.0)
Headache 4(16.6)
TIA/Suoke 1(4.2)
Dizziness 1(4.2)
Diplopia 1(42)
Total 24

TIA - Transient ischemic Attack

locations of the 24 paraclinoid aneurysms were as follows :
12 superior hypophyseal (50%), two carotid cave (8.3%),
eight ophthalmic (33.3%), one posterior carotid wall (4.2%),
and one transitional (4.2%). Aneurysms measuring up to 15
mm were considered small, those from 16 to 24 mm wese
large, and those measuring 25 mm or more were defined as
giant. Twenty patients (83.3%) had small aneurysms, three
(12.5%) large aneurysms, and one (4.2%) patient a giant
aneurysm. Of the patients with multiple aneurysms, two had
contralateral ICA aneurysms. No patient had any other types
of vascular malformation.

Surgical approach

All 24 paraclinoid aneurysms were treated using an ipsila-
teral pterional approach with an extradural, extended ACP
removal. First, prior to the craniotomy, proximal control of
the ICA was obtained through routine exposure of the cer-
vical ICA, which was then isolated using a rubber loop band.
A frontotemporal craniotomy was performed (slightly larger
than usual) with a high-speed drill in the lateral end of the
superior orbital fissure (SOF). The ACP was partially drilled
away, and the frontotemporal dural fold (FTDF) that passes
the bony SOF and attaches to the periotbita was exposed.
The dura of the anterior and middle fossa was dissected to
expose the FTDF superomedially and the SOF inferola-
terally. The FTDF and the periorbita-dura junctions were
hence uncovered at the anterior limit of the lateral wall of the
cavernous sinus (Fig. 1). Then, the FTDF was divided with a
sharp scissors, and the outer dura layer of the lateral wall of
the cavernous sinus was carefully peeled from the inner layer
to expose easily and safely the entire dimension of the ACP.
The peeling was performed from the foramen ovale, infer-
olaterally, and to the SOF-periorbita junction, superome-
dially. In this way, we were able to uncover the deepest
inferolateral surface of the ACP (Fig. 2). The ACP and optic
strut were removed extradurally, and an “L” shaped dural
incision was performed along the sylvian fissure and frontal
base. The dural incision extended anteriorly over the third
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Fig. 1. The greater sphenoid wing is exposed from the foramen ovale
laterally to the junction and medially to the lesser wing, and the frontotem-
poral dural fold is uncovered at the anterior limit of the lateral wall of the
cavemous sinus. *Frontotemporal dural fold, Vi: ophthalmic branch of the
trigeminal nerve, Vz: maxiliary branch of the trigeminal nerve.

\

o

Fig. 2. The deepest inferolateral surface of the anterior clinoid process is
finally uncovered. *Anterior clinoid process.

Table 2. Clinical outcomes at the six-month follow-up*

cranial nerve and toward the opening of the oculomotor
foramen. Next, the optic sheath lateral to the optic nerve was
opened, exposing the anterior portion of the roof of the
cavernous sinus. After the identification of ophthalmic artery,
if necessary; the distal dural ring was completely or partially
released to allow for mobilization of the ICA segment in
order to improve access to the aneurysm for clipping,

RESULTS

Clinical outcomes

The clinical outcomes are expressed using the Glasgow
outcome scale (GOS) after six months of follow-up. The
outcomes after an ipsilateral pterional approach with extra-
dural anterior clinoidectomy for 24 paraclinoid aneurysms
were defined as excellent or good (GOS 5 or 4) in 21 pati-
ents, 87.4%; fair (GOS 3) in two patients, 8.4%; and poor
(GOS 2) in one patient, 4.2% (Table 2). The fair and poor
outcomes resulted from vasospasm-related ischemia and
hydrocephalus in one patient of the Hunt and Hess grade I1I
with SAH and two of grade IV with ruptured other aneu-
rysm. All cases of unruptured paraclinoid aneurysms were
treated successfully without additional neurological deficits.

Microsurgical complications
The surgical complications related directly to the extradural
anterior clinoidectomy included transient cranial nerve palsy
(6), cerebrospinal fluid leakage (1), worsened change in vision
(1), unplanned ICA occlusion (1), and epidural hematoma
{1) (Table 3). Only one of these com-

plicadons resulted in permanent mor-

Location GOS5 GOSs4 GOS3 GOS2 GOS1 Total bidi ; an d none resulted in death. No

Superior hypophyseal 11 0 . . .
Ou p;:;: YPOPRY® P o i (1) g 12 morbidity was related to ischemia from

13431 . .
CZ id ¢ 5 0 0 o 0 occlusion of the ICA. The cranial nerve
otid cave . . )
o palsies occurred at the third cranial ner-
Transitional 0 1 0 0 0 1 . .
Posterior wall ) 0 0 o 0 L e three of the six patients showed par-
Total 20 . 5 ) 0 ,;  tial ptosis, and two patients had limited
*Outcomes are expressed as a score calculated according to the Glasgow Outcome Scale {GOS). %az adducno‘n Cor}xllbmec;ial‘):lth ptosis.
y one patient showe: 0st com-
Table 3. Complications related to microsurgery in 24 paraclinoid aneurysms piete ipsilateral palsy which included
L Transflnt CSF W;rsened Unl;ész o Pesmanent ol ptosis, gaze limitaton, and pupil dila-
Cal . B
0“ ne::lm o 8 R usi motbidity tation. All of these patients fully reco-
< pal mn . g .

F— Py voon | owewn vered within one to six months. The
h}ljpophyse N 1 0 1 0 0 4 patient with a worsened change in
Ophthalmic 3 0 0 0 ’ 0 4 ‘;:-Zl?n ﬁmt re:ll‘llted in permanent mo;;-
Carotid cave 1 0 0 0 0 0 | idity ad‘ a history of a previous oph-
Transitional 0 0 1 0 0 1 1 thalmologic problem. The overall com-
Posterior wall 0 0 8 0 0 0 0 plication rate was 41.7%; however, the
Total 6 1 1 1 1 1(4.2%) 10 (41.7%) permanent morbidity rate was 4.2%

CSF: cerebrospinal fluid, ICA : internal caratid artery, EDH : epidural hematoma
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related mortality.

DISCUSSION

The paraclinoid segment of the proximal ICA is described
using various names, including the ventral internal carotid
artery segment’ and the carotid-ophthalmic segment'®'?),
These aneurysms have traditionally been a technical challenge
because access to the neck of the aneurysm usually requires
ACP removal>*''*. In addition, these aneurysms are fre-
quently large or even giant in size"”>***", while their location
provides a restricted working space. However, the develop-
ment and refinement of new surgical techniques®®'” have
greatly improved surgical outcomes for paraclinoid aneurysms.

Endovascular procedures have become alternative and
effective treatments in the management of these lesions'”?*".
However, obliteration of the aneurysm with endovascular
treatment has a lower success rate for total occlusion'****”,
Furthermore, recurrences are more frequent after endovascular

treatment, especially in lesions that were incompletely occlud-

Fig. 3. When dividing the frontotemporal dural fold for anterior clinoid
process removal, we used a backward-curved pair of scissors in the
direction parallel to the ACP to avoid injury to the cranial nerves.
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) Ll ot
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e
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ed during the initial procedure®”. Microsurgery, therefore,
remains the primary treatment for paraclinoid segment ICA
aneurysms, as it provides a higher long-term success rate™,
although in some cases, combined surgical and endovascular
approaches has been a useful treatment strategy"***%.

In 1968, Drake et al."” reported that only 40% of patients
(with 14 paraclinoid aneurysms) achieved good outcomes
(GOS score of 4 or 5) following microsurgery, while 60% of
patients died. However, subsequent clinical series have shown
substantial improvements in outcome. In 1994, Batjer et al.”
reported positive outcomes in 87% of cases from a surgjcal
series of 89 paraclinoid aneurysms, with only a 12% morbi-
dity rate. In 2001, Hoh et al."” reported that combined
surgical and endovascular treatment of paraclinoid aneu-
rysms resulted in good outcomes in 90% of the 145 surgically
treated aneurysms. In 2004, Beretta® reported good out-
comes in 81% of study patients with a 13% morbidity rate.
Recently in 2008, Raco et al.*” reported good outcomes in
81% of patients and a long-term morbidity rate of 20%.
The current study reports favorable outcomes similar to these
previously published results.

However, although surgical outcomes for paraclinoid aneu-
rysms have demonstrated an overall decrease over time in
postoperative mortality and morbidity, many authors still
report a higher rates of surgical complications compared to
the surgical treatment of other aneurysms>*¢%'>1%2%>3_The
current study also documents a relatively high complication
rate of 41.7%. Most of these complications, however, were
transient, and permanent morbidity was lower in our study
than in previous studies.

Transient cranial nerve palsies
The cranial nerves can be injured during ACP removal or
dlip blade advancement or from excessive retraction or over-

zealous sinus packing. We experienced a high rate of transient

4 ©

(CT).A: Peumatizations of the anterior clinoid process (ACP) and optical strut

- type 129, B : Well developed ethmoid sinus. C : Erosive compression of the ACP in preoperative temporal bone CT and surgical findings.
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cranial nerve palsies (25%), mostly of third cranial nerve,
which has been previously reported®”'**®. However, all nerve
palsies were transient and recovered fully within one to six
months of surgery. Cranial nerve palsies likely occurred as a
result of the traction caused by the peeling of the lateral wall
of the cavernous sinus. To prevent permanent nerve injuries,
when dividing the FTDF for ACP removal, we used a back-
ward-curved pair of scissors’™'” parallel, not perpendicular, to
the ACP in order to avoid the injury of the cranial nerves (Fig,
3). We also partially cut only the FTDF and gently retracted
its sleeve. When applying the clip, we were careful to confirm
whether the end of clip blade injured a cranial nerve. In order
to prevent injury while retracting the temporal lobe, the
carotid-oculomotor membrane was opened sharply, and the
lateral wall of cavernous sinus was peeled back.

Postoperative cerebrospinal fluid leakage

Although other groups®**** have reported a relatively high
incidence of postoperative cerebrospinal fluid leakage, this
was not common in our study (4.2%). In our series, 15 in-
complete dural closings and three ethmoid or sphenoid sinus
openings associated with ACP removal were found. If distal
dural rings are completely released and the dura around the
ACP is defective, complete closing of the dura will be impos-
sible in almost all cases. In such cases, we suture several points
of the incision margin of the dura, and then cover the area
with a free graft, such as with a piece of muscle or a small
pericranial fascia flap, to prevent cerebrospinal fluid (CSF)
leakage through the sphenoid sinus. After this, we reinforce
the graft with fibrin glue. This procedure is performed repea-
tedly undl ewo or three layers of grafting are fixed above the
dural defect.

The opening of the ethmoid sinus can also result in post-
operative CSF leakage and is associated with injury to the
mucous membrane, which can occur during pneumatization
of the ACP*"***%, However, this problem can be avoided if
the sinus mucous membrane is preserved. In this study, the
ethmoid sinus was opened in a few cases (12.5%), although
we rarely found injuries to the mucous membrane. The mu-
cous membrane can be preserved through careful preopera-

tive evaluation of the pneumatizations of the ACP and opti-
cal strut (OS)*™, ACP erosion, and the overall development
of the ethmoid sinus”. Through careful preoperative evalua-
tions of the temporal bone CT, we were able to prevent mu-
cosal injury to the ethmoid sinus. We analyzed all of the
patients in this study for pneumatization of the ACP and
OS, erosion of ACB and for the development of the ethmoid
sinus using a preoperative temporal bone CI. Computed
tomography scans with a 0.6-mum thickness were obtained,
and coronal and sagittal reconstructions of the images were
displayed in all cases (Fig. 4). Mikami et al.”® classified
pneumatized patterns as type L, type II, and type 111, accord-
ing to the route of pneumatization, via the OS, the anterior
root (AR), and both the OS and AR, respectively. We found
only two cases of type I pneumatization of the ACP in our
study. In those two cases, extremely careful drilling using a
diamond bar was performed with ACP removal. Using this
technique, the dissector gradually pushes it into the paranasal
sinus if the mucous membrane is exposed (Fig. 5), and it can
be packed by betadine gel-soaked Gelfoam. En bloc removal
of the ACP is also possible after pushing the mucous mem-
brane into the sinus. If the preoperative CT demonstrates
erosion, resection of the ACP should be avoided'™ or per-
formed very carefully. In four of our cases the medial margin
of clinoidectomy had to be performed carefully according to

Fig. 5. When the mucosa membrane is exposed, it is detached from the
bone and gradually pushed into the paranasal sinus by the dissector. *Sinus
mucosal membrane.

’y il

Fig. 6. Bling f the camous sinus can be well-controlled with gentie packing and hemostatic agents (A). The “cones” made by Avetene®is being used (B).
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the development of the ethmoid sinuses on the temporal
bone CT images, and the mucous membrane had to be
pushed into the ethmoid sinus with a dissector. Nevertheless,
it was covered with free graft such as a piece of muscle with a
small pericranial flap when sinus mucosa was injured and
fibrin glue was applied. We had only one postoperative CSF
leakage, treated with these tactics, among all the patients. In
this case, we performed lumbar spinal drainage followed by
bed rest for a week, and the leakage resolved without any

permanent morbidity.

Worsened vision

The surgical complication associated with permanent mor-
bidity in our study was worsened vision, which is similar to
previous reports’"*%. Rizz0® found two etiologies of
worsened vision, including a fulminant orbital syndrome
caused by the compromise of large draining veins of the orbit
and a retrobulbar optic neuropathy caused either by direct
injury or damage to the small dura vessels of the posterior
optic nerve. Kumon™ believed that the occurrence of visual
disturbances resulted from injury o the ipsilateral optic nerve
caused by excessive retraction or by the heat produced by the
diamond drill. Therefore, when the bone is drilled and thin-
ned until only a thin rim remains, care must be taken to
avoid heat injuries to the optic nerve. Heat damage can be
prevented with the use of continuous cold saline irrigations,
and mechanical injury can be prevented with the use of a
dissector or a microcurette to unroof the optic canal. Micro-
punches or microrongeurs are never used until the optic
canal is unroofed. Recently, the bone-cutting ultrasonic aspi-
rator has been used in place of a drill for dlinoidectomy. Chang
etal” reported that, with an ultrasonic bone curette, unroof-
ing of the optic canal could be safely completed, with low
morbidity and mortality, and it required much less expertise
to use the ultrasonic aspirator compared to that required to
operate a standard drill. Therefore, there is no need to insert
any instrument between the bone and the dura and no dan-
ger of thermal injury. Also, during the unroofing procedure,
the edge of the bone should always be identifiable. However,
the handpiece of the ultrasonic bone curette is somewhat bul-
ky and hinders visibility within the deep and narrow opera-
tive field. As the tip of the ultrasonic bone curette is relatively
smaller than larger regular drill bits, the resection of a large
amount of bone is time-consuming. Finally, the use of this
device does not automatically protect the soft tissues. Thus,
the angle of the tip and the optic canal should be as close to
perpendicular as possible.

Since the inferior lateral wall of the optic canal (situated
between the optic nerve and the ICA, also known as the OS)
can be removed only by drilling, this portion is drilled inter-

mittently in order to minimize the optic nerve’s exposure to
heat™. Releasing of the optic nerve sheath at its lateral border
reduces the force of retraction, as there is enough space be-
tween the nerve and the sheath. This technique allows for the
observation of vessel circulation on the surface of the optic

nerve, which allows for the detection of excessive retraction®.

ICA occlusion and ischemia

Another complication associated with permanent morbi-
dity in previous studies is ICA occlusion, which results in
ischemic injury'™'>*®. Hoh et al."” reported morbidity relat-
ed to ICA occlusion (four patents, 2%) and other surgery-
related ischemia (two patients, 1%) in 180 microsurgical
treatments of paraclinoid aneurysms. Although we also ex-
perienced one unplanned ICA occlusion (4.2%), this occlu-
sion did not result in any permanent neurological deficits.
ICA occlusions can be prevented with the use of a variety of
clips, including angled fenestrated clips, which are used for
these types of aneurysms. If the aneurysm is thrombosed, a
thrombectomy is required and an endarterectomy might also
be needed. When an aneurysm cannot be clipped because of
calcification within the aneurysm neck or because the aneu-
rysm is incorporated into the ICA, a bypass with a vein graft
or radial artery should be performed”. Proximal artery con-
trol is important in the microsurgical management of para-
clinoid aneurysms but also presents a technical challenge.
Many different methods have been developed to achieve
proximal artery control, including intraoperative balloon
occlusion of the ICA*. In this study, we obtained proximal
artery control through a cervical exposure prior to cranio-
tomy and found this method to be safe, effective, and pracd-
cal. Other authors have agreed that this small time invest-
ment is well worth the effort>>%.

Hemostasis of the cavernous sinus

Hemostasis is also a concern in this procedure, as the outer
layer of the lateral dural wall of the cavernous sinus must be
carefully peeled away from the inner layer in order to expose
the deepest inferolateral surface of the ACP; bleeding is com-
mon during this peeling procedure. When bleeding occurs, it
is important to locate the original focus of bleeding. Bleeding
from the cavernous sinus should be distinguished from bleed-
ing from the dural draining vein, as the former can be well
controlled with gentle packing with hemostatic agents (pack-
ing appears as “cones” made by the hemostatic agent (Fig. 6),
while the latter requires bipolar coagulation. Furthermore,
with bleeding from the cavernous sinus, overzealous sinus
packing must also be avoided because of potential compres-
sive injuries to the cranial nerves. Recenty, another method
was introduced that consists of injecting fibrin glue to achi-
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eve coagulation during cavernous sinus bleeding®. The
fibrin glue fills the cavernous sinus by forming a local coa-
gulum within the cavernous sinus. It obliterates the main
venous channels that lead into the cavernous sinus space,

which safely provides a dry cavernous sinus surgical field.

CONCLUSION

The surgical treatment of aneurysms that arise from the
paraclinoid segment of the ICA has been a technical chal-
lenge for cerebrovascular surgeons. The authors have tried to
avoid the several complications in extradural anterior clinoi-
dectomy to paraclinoid aneurysms using several tactics. A
backward-curved pair of scissors were used parallel to the
ACP in order to avoid injuring the cranial nerves. The ACP
was drilled carefully until only a thin rim remains with the
cold saline irrigations. ICA occlusions can be prevented with
the use of angled fenestrated clips. Also, careful attention on
the origin of bleeding is advised when peeling the wall of
cavernous sinus. Precise anatomical knowledge combined
with these microsurgical tactics for preventing and managing
potential challenges can help to achieve good outcomes with
minimal complications.
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