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Buried under critical neurovascular structures, para-
clinoid aneurysms are among the most challenging 
vascular lesions a neurosurgeon can encounter. The 

unique anatomy of this area renders limited surgical access 
to the origin of the ophthalmic artery (OphA), the superior 
hypophyseal artery (SHA), the carotid cave, and the aneu-
rysm. These aneurysms may assume different projections, 
necessitating a versatile surgical strategy.4,18 The technical 
difficulties associated with open surgery for the treatment 
of paraclinoid aneurysms have caused the complication and 
aneurysm remnant/recurrence rates to remain relatively 

high in comparison with aneurysms in other locations.3,6,44 
Perhaps these are the main reasons for the relative preva-
lence of endovascular techniques in the treatment of these 
difficult lesions.8,31, 35,36 However, clipping continues to be a 
popular choice due to its durability and efficacy compared 
with endovascular techniques.7,17, 29,43

Meanwhile, the endoscopic endonasal approaches 
(EEAs) have been increasing in popularity for various 
lesions of the skull base.1,2, 24,33 As such, the topographic 
proximity of the paraclinoid internal carotid artery (ICA) 
to the midline raises the important question as to whether 
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OBJECTIVE Endoscopic endonasal approaches (EEAs) are increasingly being incorporated into the neurosurgeon’s 
armamentarium for treatment of various pathologies, including paraclinoid aneurysms. However, few anatomical assess-
ments have been performed on the use of EEA for this purpose. The aim of the present study was to provide a compre-
hensive anatomical assessment of the EEA for the treatment of paraclinoid aneurysms.
METHODS Five cadaveric heads underwent an endonasal transplanum-transtuberculum approach to expose the para-
clinoid area. The feasibility of obtaining proximal and distal internal carotid artery (ICA) control as well as the topographic 
location of the origin of the ophthalmic artery (OphA) relative to dural landmarks were assessed. Limitations of the EEA 
in exposing the supraclinoid ICA were also recorded to identify favorable paraclinoid ICA aneurysm projections for EEA.
RESULTS The extracavernous paraclival and clinoidal ICAs were favorable segments for establishing proximal control. 
Clipping the extracavernous ICA risked injury to the trigeminal and abducens nerves, whereas clipping the clinoidal seg-
ment put the oculomotor nerve at risk. The OphA origin was found within 4 mm of the medial opticocarotid point on a line 
connecting the midtubercular recess point to the medial vertex of the lateral opticocarotid recess. An average 7.2-mm 
length of the supraclinoid ICA could be safely clipped for distal control. Assessments showed that small superiorly or 
medially projecting aneurysms were favorable candidates for clipping via EEA.
CONCLUSIONS When used for paraclinoid aneurysms, the EEA carries certain risks to adjacent neurovascular struc-
tures during proximal control, dural opening, and distal control. While some authors have promoted this approach as 
feasible, this work demonstrates that it has significant limitations and may only be appropriate in highly selected cases 
that are not amenable to coiling or clipping. Further clinical experience with this approach helps to delineate its risks and 
benefits.
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paraclinoid ICA aneurysms are amenable substrates for 
EEA. Several case reports, review articles, and anatomi-
cal studies exist on the treatment of paraclinoid aneu-
rysms through an EEA.5,11–14, 20, 28, 37, 39,42 However, there is 
reluctance among skull base surgeons to treat intracranial 
aneurysms using an EEA for several reasons. First, com-
pared with other pathologies (such as tumors), aneurysm 
surgery requires maximal control over multiple parame-
ters, such as proximal and distal vascular control, control 
over the periphery of the aneurysm neck, and protection 
of perforating vessels; hence, the experience and team 
collaboration required to perform endoscopic aneurysm 
surgery should be at the highest level possible, which is 
not available at many centers. Furthermore, to date, the 
details of surgically relevant anatomical features of en-
doscopic aneurysm surgery have not been completely de-
lineated.

In this study, we sought to address the last aforemen-
tioned issue by performing an anatomical assessment 
of the EEA for the treatment of paraclinoid aneurysms. 
Specifically, we investigated and considered the surgi-
cal anatomical parameters, including localization of the 
OphA before dural opening, safe dural opening, proximal 
and distal vascular control, and potential limitations of the 
EEA for the treatment of paraclinoid aneurysms.

Methods
Expanded Transnasal Transplanum-Transtuberculum 
Approach

Five cadaveric heads (10 sides) were prepared for EEA 
using an alcohol-based embalming formula. The arter-
ies and veins were perfused with red and blue silicone, 
respectively. An expanded transplanum-transtuberculum 
EEA was performed using a surgical endoscope system 
(Karl Storz) with 0° and 30° rigid endoscopes. Bilateral 
middle and superior turbinectomies, posterior ethmoidec-
tomies, and posterior nasal septectomy were performed. 
A large sphenoidotomy was then completed to expose the 
sellar and parasellar regions bilaterally. Using an endo-
scopic high-speed drill system (Medtronic), the lacerum 
and paraclival segments of the ICA were exposed using 
the guides of the pterygoclival ligament and the vidian 
nerve (Fig. 1A).23,40 Next, a wide exposure of the skull base 
dura was performed. The sagittal extent of bone removal 
extended from the posterior end of the cribriform plate 
to the anterior sellar region. The coronal extent of bone 
removal included bilateral optic canals, parasellar ICAs, 
region of the superior orbital fissure, and posteromedial 
orbital walls (Fig. 1A and B).

Localization of the OphA Origin
To localize the origin of OphA relative to dural land-

marks, spatial coordinates of 4 reference points were 
recorded using a frameless stereotactic navigation sys-
tem (StealthStation TREON Plus, Medtronic). To define 
these points, a brief description is required. According 
to Peris-Celda et al., the tubercular recess is defined as 
“the horizontal depression in the [sphenoid] sinus wall 
between the sella inferiorly and the planum superiorly.”32 
When followed laterally toward the junction of the optic 

nerve and ICA, the tubercular recess assumes the shape of 
a triangular depression (lateral tubercular recess) with its 
vertex pointed medially and the base abutted by the junc-
tion of the optic nerve and ICA (Fig. 1B). The descending 
arm of this triangle reaches the superior-most point along 
the junction of the sellar prominence with the carotid ar-
tery prominence, referred to as the caroticosellar point,32 
which is close to the anteromedial aspect of the proximal 
dural ring (PDR).26 The ascending arm reaches the medial 
junction between the optic nerve and the carotid artery, 
i.e., the medial opticocarotid point (Fig. 1B).32 The refer-
ence points used were the 1) midtubercular recess point, 2) 
medial opticocarotid point, 3) caroticosellar point,32 and 4) 
medial vertex of the lateral opticocarotid recess (LOCR) 
(Fig. 1C). Following dural opening, the distances between 
the OphA origin and these reference points were calcu-
lated (Table 1; see Identification of the OphA and Distal 
Vascular Control below).

Assessment of Proximal Control
Feasibility of proximal control was assessed at 2 seg-

ments of the ICA: the extracavernous paraclival and cli-
noidal segments (Fig. 1B). Bone was completely drilled 
off the medial, anterior, and lateral surfaces of the extra-
cavernous paraclival ICA (i.e., up to the level of the attach-
ment of the petrolingual ligament to the lingular process 
of the sphenoid bone)26 to prepare the exposure area for 
accommodating an aneurysm clip (Fig. 1A and D). Vari-
ous clip configurations were tested to assess the feasibility 
of obtaining proximal control on the paraclival ICA. Also, 
adjacent anatomical structures at risk during application 
of the clip were recorded.

The feasibility of obtaining proximal control was 
also assessed for the clinoidal ICA. The clinoidal ICA is 
bounded between the PDR and distal dural ring (DDR) 
(Fig. 1C). From an endonasal perspective, the PDR rough-
ly approximates a line passing through the anteroinferior 
side of the LOCR toward the region of the middle clinoid 
process (usually within 4 mm below the caroticosellar 
point;32 Fig. 1C). To expose the clinoidal ICA, a dural in-
cision was started from the caroticosellar point (approxi-
mate location of the PDR) and continued superomedially 
between the ICA and the superolateral contour of the pitu-
itary. On reaching the lateral tubercular recess, the dural 
cut turned laterally and extended along the inferior bor-
der of the DDR (approximated by a line connecting the 
medial vertex of the LOCR and the medial opticocarotid 
point) to reach the medial vertex of the LOCR. The cut 
then turned inferiorly on the dural covering of the lateral 
aspect of the ICA (down to the level of the PDR) to create 
a dural flap turned inferiorly (Fig. 1E). The feasibility of 
controlling the clinoidal ICA was tested by trying vari-
ous clip types (Fig. 1F). Adjacent structures at risk during 
clipping were also recorded. The available length of the 
clinoidal ICA (distance between the PDR and DDR) for 
clipping was measured using the navigation system.

Dural Opening
A tailored dural incision was used to minimize the risk 

of neurovascular injury, including injury to the origin of 
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the OphA (Fig. 1G). The incision was essentially similar 
to that suggested by Abhinav et al. for exposing the in-
tracanalicular part of the optic nerve.1 The dural incision 
started at the lateral tubercular recess (at the superomedial 
corner of the trap-door dural cut placed for controlling the 
clinoidal ICA). After crossing the superior intercavern-
ous sinus, the incision sharply turned medially toward the 
midtubercular recess. Upon reaching the midline, the inci-
sion was continued toward the planum sphenoidale. After 
passing anterior to the interfalciform ligament,27 the cut 
turned laterally to continue parallel and anterior to the op-
tic canal. The created dural flap was then turned inferiorly 
to expose the suprasellar paraclinoid area (Fig. 1H).

Identification of the OphA and Distal Vascular Control
Using a 4-handed surgical technique,12 the supraclinoid 

ICA and the origin and preforaminal course of the OphA 
were identified (Fig. 1H). The spatial coordinates of the 
OphA origin were recorded. Using mathematical meth-
ods, the distance between the OphA origin and reference 
points was calculated. Next, the feasibility of clipping the 
ICA at the distal-most accessible point to the origin of 
OphA was assessed (Fig. 2). Various clip configurations 
were tested to find the optimal clip shape. The necessary 
maneuvers to safely place the clip while sparing the perfo-
rators were recorded. Of note, “safe” maneuvers in this pa-
per are defined as those that do not incur gross damage to 
the adjacent neural or vascular structures, as true safety of 
a maneuver cannot be assessed in a cadaveric study. Also, 
the maximum possible clipping length of the supraclinoid 
ICA was calculated using the recorded spatial coordinates 
of the clip application point and the emerging point of the 
ICA from the DDR.

FIG. 1. Stepwise depiction of the EEA for exposure of the paraclinoid 
region. A: Exposure of the left paraclival ICA using the vidian nerve 
(n.) and the pterygoclival ligament (PCL) as anatomical landmarks. The 
pterygoclival ligament is a thick, fibrous tissue running between the 
body of the sphenoid bone and medial pterygoid process to reach the 
medial aspect of the lacerum segment of the ICA. The ICA is prepared 
for proximal clipping by drilling bone on its lateral, anterior, and medial 
aspects. On the lateral aspect of the ICA, there is a quadrangular space 
(i.e., the lingular recess), drilling of which leads to Meckel’s cave (MC). 
In order to protect the abducens nerve running on the superior aspect of 
this space, drilling should be limited superiorly to the level of the maxil-
lary division (V2) of the trigeminal nerve. B: Dural exposure extending 
from the planum sphenoidale to the anterior sellar region in the sagittal 
plane and extending laterally to the optic canals and parasellar carotid 
arteries. Dashed lines designate the approximate course of the para-
clival (including the extracavernous [ex.] and intracavernous [in.] parts), 
parasellar (PS), and paraclinoid (PC) segments of the ICA separated by 
solid white lines. The lateral tubercular recess (TR) is a triangle-shaped 
area on the lateral end of the tubercular recess reaching medial to the 
optic nerve and ICA (shown on the right side). The corner of this triangu-
lar area faces medially; the upper arm (white arrow) reaches the medial 
opticocarotid point (point 2), and the lower arm (double black arrow) 
reaches the caroticosellar point (point 3). C: Dural reference points: 1 
= midtubercular recess point; 2 = medial opticocarotid point; 3 = caroti-
cosellar point; 4 = medial vertex of the LOCR. The white dashed line 
shows the approximate level of the DDR, and the yellow dashed double-
arrowed line shows the approximate level of the PDR. D: Proximal con-
trol obtained on the extracavernous paraclival ICA. E: Exposure of the 
clinoidal ICA using 3 consecutive dural cuts (black arrows) starting from 
the caroticosellar point reaching the medial opticocarotid point, and then 
continuing inferior to the DDR to reach the medial vertex of the lateral 
opticocarotid recess, and finally descending on the lateral aspect of the 
clinoidal ICA. F: Proximal control on the clinoidal ICA. G: Dural incision 
to expose the supraclinoid ICA. The dural incision could be started 
either on the lateral tubercular recess or in the midline (dashed arrows—
both crossing the superior intercavernous sinus [red arrowhead]) to 
reach the tubercular recess. Next, the dural incision is continued in the 
midline to reach planum sphenoidale and then turns laterally to reach 
the region of the optic canal. Small black arrows show the interfalciform 
ligament (interfalc. lig.). H: The supraclinoid ICA is exposed by reflecting 
the dural flap. All views were obtained using a 0° endoscope. cav. sin. = 
cavernous sinus; CP = carotid protuberance; CR = clival recess; ON = 
optic nerve. Copyright Mark Preul. Published with permission. Figure is 
available in color online only. 
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Results
The sphenoid sinus was well pneumatized in all speci-

mens (sellar type). Using the described technique, the para-
clival, clinoidal, and supraclinoidal segments of the ICA, 
as well as the OphA, were safely exposed in all specimens. 
Table 1 lists the average distance from the origin of the 
OphA to the 4 dural reference points. In all specimens, the 
sum of the distance between the OphA origin and points 
1 and 4 (Fig. 1C) was almost equal (< 2-mm difference) 
to the distance between points 1 and 4, meaning that the 
OphA origin was located on or very close to the opticotu-
bercular line (the line passing through the midtubercular 
recess point [point 1] and the medial vertex of the LOCR 
[point 4]). The OphA origin was close (within 4 mm) to 
the medial opticocarotid point (Table 1, Fig. 3).

Proximal Control
The paraclival ICA was a favorable point for obtain-

ing proximal control on the ICA. It was necessary to drill 
the bone off its medial, anterior, and lateral surfaces in 
order to place the clip. Lateral drilling included part of 
the bone of the quadrangular area lateral to the paraclival 
ICA21 (i.e., the lingular recess26). Straight aneurysm clips 
were optimal for this purpose. With extensive drilling of 
the lingular recess, the outer blade of the clip could reach 
Meckel’s cave during application. To avoid injury to the 
abducens nerve during exposure of the paraclival ICA and 
clip application, the drilling did not extend superior to the 
level of the maxillary nerve (Fig. 1A and D).

A mean length of 6.2 ± 1.2 mm of the clinoidal ICA 
could be exposed for clip application (range 5.0–8.4 mm). 
A straight or a curved clip (with the tips directed down-
ward) was used to establish proximal control at the cli-
noidal ICA (Fig. 1D). Whereas the pituitary gland was 
visible on the medial side of the ICA and could be easily 
protected during application of the clip, care was needed 
to protect the oculomotor nerve (coursing under the PDR) 
from the lateral clip blade (Fig. 4).

Exposure of the OphA and Distal Control
Using the tailored dural incision, we were able to suc-

cessfully avoid injury to the neurovascular structures in 
all specimens. Alternatively, the dural incision could be 

started just inferior to the superior intercavernous sinus at 
the midline (Fig. 1G).

The OphA originated from the supraclinoid ICA in all 
specimens. The OphA originated from the superomedial 
aspect of the ICA in 8 of 10 specimens and from the su-
perior aspect of the ICA in the remaining 2 specimens. In 
all specimens, some degree of optic nerve elevation was 
necessary to allow optimal visualization of the distal seg-
ments of the supraclinoid ICA (Fig. 2). Using this method, 
visualization of the medial and superior aspects of the su-
praclinoid ICA was possible in all specimens. However, 
visualization of the lateral aspect of the supraclinoid ICA 
was significantly limited and required excessive superior 
retraction of the optic nerve. Using a 4-handed technique, 
following gentle elevation of the optic nerve, an aneurysm 
clip could be applied to the supraclinoid ICA. The opti-
mal clip for this purpose was a right-angle clip with the 
tips directed laterally (Fig. 2). Importantly, incising the 
diaphragma sellae along the medial aspect of the DDR 
increased the available space and improved the safety of 
passing a clip onto the distal ICA. This cut increased the 
mobility of the ICA and enabled gentle manipulation of 
the pituitary to allow clip application (Fig. 2). The clip 
could be safely placed distal to the origin of the SHA 
(i.e., between the SHA and posterior communicating ar-
tery) in 5 of 10 specimens. In the remaining specimens, 
a short, nonredundant SHA did not allow the clip to be 
safely passed along the ICA distal to the origin of SHA. 

FIG. 2. A and B: Enhancing exposure of the supraclinoid ICA by cutting 
the superior intercavernous sinus (small black arrow) and the diaphrag-
ma sellae (red dashed line). This cut (red dashed lines in B) could reach 
the posterior clinoid process (PCP) posteriorly to allow medial mobiliza-
tion of the pituitary. C and D: Distal control of the supraclinoid ICA after 
incising the diaphragma sellae. Note the superior retraction of the optic 
nerve (ON) necessary to apply the clip. The white arrow (D) indicates 
the origin of the OphA. All views were obtained using a 30° endoscope. 
Copyright Mark Preul. Published with permission. Figure is available in 
color online only.

TABLE 1. Measurements performed to localize the origin of the 
OphA to 4 dural reference points

Measurement
Distance to OphA 

Origin (mm)

OphA origin–point 1 9.1 ± 0.7
OphA origin–point 2 3.5 ± 1.5
OphA origin–point 3 6.3 ± 1.5
OphA origin–point 4 4.8 ± 1.9
Point 1–point 4 (length of opticotubercular line) 13.2 ± 1.7
Sum of OphA origin distance to points 1 & 4 13.9 ± 1.6

Point 1 = midtubercular recess point; point 2 = medial opticocarotid point; point 
3 = caroticosellar point; point 4 = medial vertex of the LOCR.
Values are presented as the mean ± standard deviation.
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The mean length of the supraclinoid ICA at the point of 
the distal clip was 7.2 ± 1.7 mm.

Discussion
We performed a comprehensive assessment of the EEA 

for the clipping of paraclinoid ICA aneurysms. Anatomical 
assessment of the EEA to delineate its assets and liabilities 
for aneurysm surgery is critically important, as aneurysm 
surgery requires the ultimate control in neurosurgery.12 
Such assessment is incomplete without providing insight 
into specific aspects of aneurysm surgery, including proxi-
mal and distal vascular control, and the risks and benefits 
of exposing certain aneurysm projections via an EEA. We 

performed an extensive search of the literature in PubMed 
using various combinations of the keywords “endoscopic,” 
“endonasal,” “transnasal,” “transclival,” “transsphenoid,” 
“aneurysm,” and “clipping.” We found 25 studies on the 
subject of endoscopic endonasal aneurysm surgery, 10 
of which were on paraclinoid aneurysms,5,11–14, 20, 28, 37, 39,42 
including 4 literature reviews/perspectives,11,14,37,42 3 case 
reports or case series,12,13,20 and 3 anatomical studies.5,28,39 
Lai et al. performed an anatomical study on the EEA to 
the paraclinoid region.28 They assessed operative depth 
and dimensions of the exposed area. Although the authors 
assessed clipping feasibility, they did not evaluate different 
clip configurations or risks associated with clipping each 
segment or branch of the paraclinoid arteries. Szentirmai 

FIG. 4. Close relationship between the oculomotor nerve and the clinoidal ICA. Left: Endoscopic endonasal view of the left para-
sellar area (30° endoscope) shows that violation of the PDR is easily possible; hence clipping the clinoidal ICA may pose risk to 
the adjacent oculomotor nerve running immediately inferior to the PDR. Right: Cavernous sinus dissection on the right side show-
ing the close relationship between the PDR (black arrowheads) and the underlying oculomotor nerve. The dashed line shows the 
DDR. The yellow star designates the clinoidal ICA. Note that the anterior clinoid process has been removed. CN = cranial nerve; 
GG = Gasserian ganglion; OS = optic strut; PCA = posterior cerebral artery. Copyright Mark Preul. Published with permission. 
Figure is available in color online only.

FIG. 3. Opticotubercular line shown on the right parasellar area. Left: The opticotubercular line runs from the midtubercular recess 
point (point 1) to the medial vertex of the LOCR (point 2). The OphA origin was found on this line (or close to it) within 4 mm of the 
medial opticocarotid point (point 3; yellow shaded area). Right: The dura is opened and the origin of the OphA (white arrow) is 
found. The opticotubercular line is drawn, and the OphA origin is shown to be very close to this line near the medial opticocarotid 
point (white dot). All views were taken with a 30° endoscope. Copyright Mark Preul. Published with permission. Figure is available 
in color online only.
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et al. measured the craniectomy size and operative cor-
ridor angles to the paraclinoid region, and concluded, “Us-
ing this approach, medially located ophthalmic or hypo-
physeal artery aneurysms were very reasonable candidates 
for endonasal clip ligation.”39 Di Somma et al. measured 
operative depth and angle, as well as craniectomy size, to 
the parasellar region to assess the anatomical feasibility of 
clipping various aneurysms.5 None of the aforementioned 
studies assessed the relevant surgical anatomical variables, 
such as proximal and distal vascular control or the impact 
of clipping on adjacent structures. They also did not assess 
or discuss safe dural opening specific to paraclinoid aneu-
rysm surgery. Therefore, the present study provides some 
data not presented in previous publications.

Endonasal Exposure
The transplanum-transtuberculum approach through 

bilateral sphenoidotomies is the suggested endoscopic 
skull base approach to reach the paraclinoid area, as it has 
been used in previous reports.12,13,20 However, the endona-
sal exposure could be tailored to specific patient anatomy/
pathology and may be performed in a more limited fash-
ion, such as through a unilateral turbinectomy or lateral-
ization of the middle turbinate for a small aneurysm.

Proximal Vascular Control
Obtaining proximal vascular control through an EEA 

could be challenging.13 Proximal control for paraclinoid 
ICA aneurysms can be obtained at the cervical ICA. How-
ever, due to the endonasal instrumentation, the clean field 
of cervical exposure might be at an increased risk for in-
fection. Other potential targets for proximal ICA control 
include the paraclival segment (including extracavernous 
and intracavernous parts26) and the clinoidal ICA segment 
(Fig. 1B).12,20,42 Some authors have stated that opening the 
medial compartment of the cavernous sinus does not carry 
a significant risk for the nerves traveling inside the sinus.42 
However, we think that the intimate relationship between 
the abducens nerve and the cavernous ICA puts this nerve 
at risk during clip application on the cavernous ICA.34

The extracavernous paraclival ICA is located above the 
foramen lacerum and ends just before the ICA enters the 
cavernous sinus (Fig. 1B). Therefore, exposure of this seg-
ment is at less risk for venous bleeding. However, we found 
that in order to prepare this ICA segment for clipping, ex-
tensive bone drilling is needed. This drilling includes part 
of the quadrangular space located lateral to the ICA, which 
is referred to as the “front door to Meckel’s cave” by Kas-
sam et al.21 Therefore, the trigeminal nerve at the area of 
Meckel’s cave might be injured by the clip blade lateral to 
the ICA (Fig. 1D). Limited drilling lateral to the ICA could 
prevent this risk. Also, there is some risk to the abducens 
nerve while drilling the quadrangular space. To avoid this 
risk, we stayed inferior to the axial level of the maxillary 
nerve as recommended by Kassam et al. (Fig. 1A).21

Another potential location for obtaining proximal ICA 
control is the clinoidal segment. Exposure of the clinoidal 
ICA carries exquisite risk of arterial injury because the 
ICA is only covered with the dura without a venous cush-
ion like the cavernous segment. Extensive bone removal 
from the cavernous sinus, medial opticocarotid recess, and 

middle clinoid area is required to enable efficient exposure 
of the clinoidal ICA.10,12 There is only a thin clinoid ve-
nous plexus around this segment of the ICA (also known 
as the carotid collar).16 This exposure requires placing du-
ral incisions around the underlying ICA, which could be 
extremely dangerous, especially when complicated by ve-
nous injury from the carotid collar or the inferiorly located 
cavernous sinus (Fig. 1E). Nevertheless, once exposed, the 
clinoidal ICA can be clipped relatively easily. However, 
the oculomotor nerve is at risk because it runs just inferior 
to the PDR. As the PDR is thin, violation of this membrane 
and entry to the cavernous sinus is highly probable during 
exposure of the clinoidal ICA (Fig. 4).

Whereas all our specimens had a sellar-type sphenoid 
sinus, a less pneumatized sphenoid sinus may create a 
challenge for exposing both the ICA and the sellar and 
parasellar regions, especially in the case of an aneurysm, 
because the risk of aneurysm rupture may increase with 
the need to drill more bone in its vicinity.

Dural Opening and Exposure of the OphA
Having a see-through image of the origin of the OphA 

before dural opening is of utmost importance to avoid 
vascular injury. Several authors have recommended being 
cautious while opening the dura at the vicinity of the optic 
nerve during EEA without providing practical landmarks 
to safely expose the OphA.1,15,45 According to our results, 
the opticotubercular line (passing through the medial ver-
tex of the LOCR and midtubercular recess point) was a 
useful guide in localizing the OphA origin. The origin of 
the OphA was usually found on this line within 4 mm of 
the medial opticocarotid point (Fig. 3). Therefore, any du-
ral incision should avoid this projected point of the OphA 
origin on the dura (Fig. 1G). The dural incision that we 
used created a nice dural flap that could optimally expose 
the OphA and adjacent structures while avoiding the optic 
nerve. Obviously, an OphA originating aberrantly from the 
ICA (e.g., from the cavernous ICA) cannot be localized us-
ing this method. Also, paraclinoid aneurysms, especially 
when large, may alter this topography. In such situations, 
preoperative assessment of the course of the OphA and 
its relationship to adjacent structures is critical. Also, the 
intraoperative use of a Doppler probe could help with lo-
calization of the origin and course of the OphA,1 although 
this might be of less use in aneurysm cases. It is notewor-
thy that, depending on the aneurysm size, morphology, 
and location, a more extensive dural opening toward the 
cavernous ICA with or without pituitary transposition may 
be necessary.13,20 As the SHA origin is distal to the OphA 
origin, the same dural incision is potentially applicable to 
SHA aneurysms, although the opticotubercular line can-
not be used to estimate the origin of this artery.

Distal ICA Control
Distal control is essential, yet very challenging during 

EEA, especially with ruptured aneurysms.12 An exten-
sive exposure which may include generous bone removal 
around the optic canal or even a concomitant transcranial 
exposure is usually required.12,13 We were able to place a 
right-angle aneurysm clip on the distal ICA either proxi-
mal or distal to the origin of SHA (average ICA clipping 
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length 7.2 mm). Mobilizing the ICA through opening the 
diaphragma sellae and creating space superior to the ICA 
via superior retraction of the optic nerve were necessary 
for maximizing exposure during clip placement. Despite 
these maneuvers, safely placing the distal ICA clip was 
challenging in all specimens as the tips of the clip could 
not be easily visualized at the lateral aspect of the ICA. 
This challenge may be even greater when a large medially 
or superiorly projecting aneurysm limits distal ICA visu-
alization. Also, the course and origin of SHA may hinder 
efficient clip application. A short, taut, nonredundant SHA 
originating close to the OphA may not allow clip applica-
tion beyond the SHA origin. Unfortunately, this parameter 
is not comprehensible before surgery due to the small size 
of the SHA and can only be appreciated after dural open-
ing. Overall, the drawback of suboptimal distal control 
should be considered in cases of paraclinoid aneurysms 
that are selected for treatment via an EEA, especially with 
larger lesions.

Identification of Potential Favorable Paraclinoid ICA 
Aneurysms for EEA
General Considerations

EEA for aneurysm treatment is not a minimally in-
vasive approach. Some technical features of EEA have 
caused many to be skeptical about the use of this method 
for aneurysm treatment.9,25,38 With the deep, narrow corri-
dor of EEA, achieving team proficiency in EEA is both of 
paramount importance and difficult. Additionally, despite 
marked reduction in CSF leakage rates after the introduc-
tion of the nasoseptal flap,22,30 CSF leakage and meningitis 
could still cause major problems after EEA.

Strict adherence to the principles of aneurysm surgery 
(e.g., efficient proximal and distal control) is crucial during 
EEA. If these principles cannot be followed in the indi-
vidual case, EEA is contraindicated.20 Extensive anatomi-
cal knowledge and meticulous technique are essential. 
The operating team should have extensive experience with 
both the treatment of aneurysms and EEA and should also 
be comfortable with using the 4-handed endoscopic tech-
nique.12,13,20,28 The surgical team should also be especially 
experienced in handling extreme situations such as an in-
traoperative aneurysm rupture.19,41 Specific endoneurosur-
gical instruments should be designed and manufactured 
for aneurysm surgery.12

The potential of aneurysm recurrence should be consid-
ered before deciding to proceed with EEA. Complex aneu-
rysms have a higher risk of having a remnant or recurring 
after surgery. It has been reported that the second EEA is 
more difficult, as the surgeon has to deal with adhesions of 
the aneurysm and clip to adjacent structures with a high 
risk of complications.13 Also, should a second (transcrani-
al) surgery become necessary, it is extremely difficult to 
remove endonasally placed clips through a transcranial ex-
posure. Therefore, simple small-neck aneurysms with low 
risk for recurrence are probably more favorable for EEA.12

Specific Considerations Regarding Paraclinoid Aneurysms
Lai et al. showed that exposure of ICA branches pos-

terior to the coronal plane of the pituitary stalk is signifi-
cantly limited compared with those located anterior to the 

stalk.28 Concordantly, our results show that only an aver-
age of 7.2 mm of the supraclinoid ICA could be efficiently 
controlled with clips (i.e., distal control). Therefore, para-
clinoid aneurysms located distal to this clipping point may 
not be favorable for EEA.

Regarding aneurysm projection, laterally projecting 
OphA aneurysms and those arising from the posterior 
aspect of the clinoidal ICA may not be suitable for EEA 
as their visualization is extremely limited during EEA. 
Superiorly projecting aneurysms of the OphA (within 7.2 
mm of the DDR) may be favorable candidates for EEA 
because they are readily exposed on dural opening and the 
neck could be dissected and clipped without the need for 
extensive optic nerve manipulation (these aneurysms have 
already displaced the optic nerve superiorly).4 Medially 
projecting aneurysms may also be favorable candidates as 
long as they are not so large that they hinder the visualiza-
tion and control of the aneurysm neck and the distal ICA. 
In fact, all previously reported aneurysms treated via EEA 
had a component of medial projection (i.e., superomedial, 
inferomedial, or pure medial).12,13,20 Obviously, nonrup-
tured aneurysms are safer to expose and clip than ruptured 
lesions.

Study Limitations
The main limitation of the present work is the absence 

of the target pathology (i.e., paraclinoid aneurysms) in 
cadaveric specimens. This may limit the applicability of 
our findings in real surgical cases. Also, anatomical stud-
ies cannot assess clinical complications, such as visual se-
quelae or hypopituitarism. However, our results provide a 
deeper insight into the advantages and disadvantages of 
the EEA for paraclinoid aneurysm surgery.

Conclusions
EEA has certain risks and limitations for the treat-

ment of paraclinoid aneurysms, including difficulties with 
proximal and distal control, limited maneuverability on 
the paraclinoid structures, and potential need for excessive 
retraction of the optic nerve to dissect the aneurysm neck 
and visualize distal ICA. These findings show that the 
EEA may not be optimal for most paraclinoid aneurysms. 
Nevertheless, a subset of paraclinoid aneurysms may be 
favorable candidates for an EEA strategy. These include 
small superiorly or medially projecting aneurysms within 
7.2 mm of the DDR. Further clinical experience would 
help to delineate the actual role of EEA in paraclinoid an-
eurysm treatment and delineate its true risks and benefits.
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