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Abstract
Background Paraclinoid aneurysms, especially when they are large, can be quite difficult to treat, both endovascularly and 
through microsurgical clip reconstruction. There are many possibilities to approach this region surgically, and most hinge on 
total or partial removal of the anterior clinoid process. Gaining proximal control may be a challenge when space is limited, 
which is why Parkinson’s triangle may be a viable alternative in some cases.
Methods We describe in a stepwise fashion the steps used to reconstruct a very large paraclinoid aneurysm. We first 
attempted to gain proximal control in the carotid cave and later in Parkinson’s triangle because of limited manoeuvrability.
Conclusion Proximal control in Parkinson’s triangle can be a safe alternative when the post-clinoidal segment of the internal 
carotid artery (ICA) is short and working space is limited in paraclinoid aneurysm microsurgical clip reconstruction.
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Introduction

Paraclinoid aneurysms are difficult lesions to treat, both 
microsurgically and endovascularly [6, 9]. On the one hand, 
the proximity of important neurovascular structures (the 
optic nerve, ophthalmic artery, superior hypophyseal artery, 
posterior communicating and anterior choroidal arteries and 
oculomotor nerve) limits manoeuvrability, especially in the 
presence of a large aneurysm. On the other hand, the pres-
ence of the anterior clinoid and of the distal dural ring of the 
clinoidal carotid artery limits options for adequate proximal 
control.

One pre-requisite for safe dissection and microsurgical 
clip reconstruction of these lesions is the anterior clinoid-
ectomy, performed in either an extradural [8] or intradural 
[2] fashion. This step offer access to the distal dural ring and 

carotid cave and exposes the anterior bend of the carotid in 
the cavernous sinus [1].

The triangle was described in a case report published in 
1965 by Dwight Parkinson [10]. The true pioneer of cavern-
ous sinus surgery is Vinko Dolenc, who in the early 1980s 
began treating challenging vascular and oncological lesions 
in and around the cavernous sinus [4]. Despite the fact that 
indications for these lesions are declining, these pioneers 
paved the way for current neurosurgeons to tackle challeng-
ing aneurysms with a varied armamentarium.

We present the case of a very large paraclinoid aneurysm 
and posterior communicating artery (PCom) aneurysm, both 
treated with microsurgical clip reconstruction (RD). We aim 
to discuss the nuances of achieving proximal control in this 
setting, but also the pitfalls and potential complications.

Relevant surgical anatomy

As outlined above, several anatomical structures need to 
be taken into account. Pre-operative CTA and digital sub-
traction angiography (DSA) are essential to evaluate the 
aneurysm neck and dome, the take-off of the PCom and the 
anterior choroidal artery as well as the direction of the post-
clinoidal segment of the ICA. Pre-operative non-contrast 
CT reveals eventual pneumatization of the anterior clinoid 
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process or the presence of a middle clinoid, carotid canal or 
clinoid bar [3]. Dural peeling to expose the lateral wall of 
the cavernous sinus should be practiced in the cadaver lab 
multiple times before attempting it in the OR. Bleeding in 
this area can be successfully controlled with fibrin glue [7].

After the petrous portion of the ICA, under the petrolin-
gual ligament and at the posterior border of V3, the carotid 
artery enters the cavernous sinus. The first intracavernous 
part ascends towards the upper clivus and dorsum sellae and 
is joined shortly after cavernous sinus entry by the abdu-
cens nerve, the only truly intracavernous cranial nerve. At 
the level of the dorsum the carotid bends anteriorly, at the 
“posterior bend”. From this point on, it runs roughly parallel 
to the middle fossa and anterior clinoid process and can be 
accessed via Parkinson’s triangle. Under the clinoid, the ICA 
turns again in its “anterior bend” and pierces the dura at the 
level of the distal dural ring, which needs to be incised and 
divided in order to mobilize the carotid and gain access to 
the carotid cave [5].

Description of the technique

Positioning

The patient is positioned prone, with the head turned 45 
degrees to the right side and slightly extended. The head is 
fixed in a Doro® clamp. A classic pterional curvilinear inci-
sion is marked, minimal shaving is performed and the skin 
is draped in standard fashion.

Incision, soft tissue dissection and craniotomy

The incision is placed in a curvilinear fashion, from the root 
of zygoma to just above the superior temporal line. Interfas-
cial dissection is performed. The temporal muscle is incised 
and freed, both from the frontal process of the zygomatic 
bone anteriorly, posteriorly, following the incision as well as 
from the root of zygoma. The muscle is then reflected anteri-
orly and inferiorly, to facilitate a low temporal exposure for 
the pre-temporal approach.

Three burr holes are placed, one at the keyhole, one pos-
teriorly below the superior temporal line and on the squa-
mosal suture and one as low as possible above the root of 
zygoma.

Anterior clinoidectomy

The rest of the surgery is performed under microscopic mag-
nification. After removal of the bone flap, the lateral greater 
sphenoid wing is drilled away with a Stryker(R) 4 mm cut-
ting drill until the meningo-orbital band is exposed. A small 
part of the lateral orbital wall and the wall of the superior 

orbital fissure are removed. The meningo-orbital band is 
coagulated and cut with a 15 blade in a layer-by-layer fash-
ion, until the dissection plane between the dura propria and 
the lateral wall of the cavernous sinus is revealed. The dural 
peeling is performed until foramen rotundum and V2 are 
identified. We also identify the fourth nerve trajectory and 
V1. Bleeding from the cavernous sinus is controlled with 
fibrin glue injected between V1 and V2.

Using a Rhoton® microdissector, we identify the intraor-
bital entry point of the optic nerve and can safely open the 
optic nerve canal using fine bone rongeurs. As a final step, 
the optic strut is drilled until the clinoid tip can be detached 
completely and the tip is freed from its surroundings and 
ligaments using a microdissector.

The dura is opened using a linear incision just above the 
Sylvian fissure, fanning out towards the roof of the cavern-
ous sinus inferiorly and the optic nerve superiorly. By cut-
ting the dura this way, the triangular part which represents 
the clinoidal dura can be excised, revealing the distal dural 
ring on the carotid and the take-off of the ophthalmic artery. 
The distal dural ring is cut flush to the carotid using fine 
microscissors and the carotid cave and anterior bend of the 
carotid are exposed.

Microsurgical clip reconstruction

The paraclinoid and PCom aneurysms are identified, 
together with the take-off of the ophthalmic artery, the 
PCom and anterior choroidal arteries and the oculomotor 
nerve en route to the roof of the cavernous sinus. The PCom 
aneurysm is reconstructed with two straight Lazic ® clips. 
Micro-Doppler is used to check the patency of the vessels 
before and after clip reconstruction.

We then attempted to ensure proximal control in the 
carotid cave. However, due to the aneurysm mass and 
the short inatracranial post-clinoidal segment of the ICA, 
placing a proximal clip impeded aneurysm dissection. We 
decided to incise the lateral wall of the cavernous sinus in its 
posterior half just underneath the trochlear nerve and above 
V1(Fig. 1). This opening, which is variable in height, always 
allows access to the horizontal part of the cavernous ICA 
(Fig. 2, Operative Video). We could then easily ensure proxi-
mal control. We further placed temporary clips on the oph-
thalmic artery and PCom, A1 and M1 segments, and could 
reconstruct the paraclinoid aneurysm using large curved 
Yasargil clips (Fig. 3). Micro-Doppler was used to check the 
patency of the vessels before and after clip reconstruction.

Closure

A small piece of abdominal fat was used to cover the dural 
defect at the level of the clinoid. The dura was closed with 
5–0 Prolene. The bone flap was replaced using EvoFix® 
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titanium plates. Muscle and subcutis were closed with 2–0 
Vicryl and the skin was closed using an Ethilon® 3–0 
running suture.

Post‑operative course

The post-operative course was uneventful, the patient 
experienced no cranial nerve deficits or other complica-
tions and the post-operative CT angiography revealed 
patent vessels, no spasm and complete obliteration of the 
aneurysm (Fig. 4C and D). She was discharged at home on 
day 3 post-operatively.

Indications

Aneurysm reconstructions with a very small clinoidal area, 
where temporary clips impede proper 360 degrees visuali-
zation of the aneurysm. Temporary clipping in Parkinson’s 
triangle can also be used in skull base lesions where iatro-
genic ICA injury occurs.

Limitations

In skull base lesions in which the cavernous sinus is 
invaded, the horizontal ICA might be difficult to find, 
especially when it is compressed and displaced medially. 
An alternative is drilling the floor of the middle skull base 
fossa and clipping the petrous ICA. In yet other cases, 
the distance between the trochlear nerve and V1 might be 
small, which makes dissection more difficult.

Avoiding complications

– Careful pre-operative anatomical evaluation, including 
CT, CT angiography and DSA

– Evaluating the presence of a middle clinoid, carotid 
canal or clinoid bar

– Extensive cadaver lab experience in performing all 
steps described (drilling of the anterior clinoid, peel-
ing the dura of the cavernous sinus)

– Using abdominal fat for closure
– Ensuring proximal control and 360 degrees visualiza-

tion of the aneurysm after microsurgical clip recon-
struction. The aneurysm needs to be cut open at the end 
to confirm it no longer fills; otherwise, clip reconstruc-
tion is not considered successfully confirmed!

Specific perioperative considerations
Pre-operative

– Thin-slice skull base CT, CT angiography, DSA 
(Fig. 4A and B)

– Hybrid OR if available

Fig. 1  Opening Parkinson’s triangle using sharp dissection.  1 — 
Trochlear nerve, 2 — Parkinson’s triangle, 3 — oculomotor nerve, 4 
— supraclinoid ICA, 5 — distal dural ring

Fig. 2  Freeing the horizontal ICA within Parkinson’s triangle. 1 — 
Horizontal portion of the cavernous ICA, 2 — trochlear nerve, 3 — 
supraclinoid ICA

Fig. 3  Final position of the clips, removing the temporary clip from 
Parkinson’s triangle. 1 — Trochlear nerve, 2 — V1, 3 — supraclinoid 
ICA, 4 — ophthalmic artery
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Post-operative

– Head elevation 30 degrees
– Systolic blood pressure max 140 mmHg
– Post-operative CT angiography on day 1
– Multidisciplinary discussions in the neurovascular board
– Mobilization without restrictions on day 1

Information for patients: surgery and risks

– Standard pre-operative neurosurgical work-up and patient 
consent should be performed. Complications should be 
mentioned, including bleeding (extra- or intradural), 
infection and CSF fistula

– Given the complexity of the anatomical region, cranial 
nerve deficits should be discussed, including complete 
ocular motor palsy

– The risk of infarction in particular should be discussed, 
either through iatrogenic occlusion or through throm-
boembolic occlusion, especially in patients with severe 
atherosclerosis

– All patients should be discussed in the neurovascular 
board and presented with both microsurgical and endo-
vascular options, if these are available, together with the 
previous results of the teams from the particular centre 
they present to. The discussion should be realistic and 
focused on the results, and not on unscientific arguments 
such as “minimally invasive” and “no need to cut the 
head open”.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00701- 021- 04961-6.
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the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 

Fig. 4  Pre- and post-operative 
imaging studies. A Pre-opera-
tive DSA, AP view, revealing a 
very large paraclinoid aneu-
rysm. B Pre-operative DSA, 
lateral view, showing the very 
large paraclinoid aneurysm 
and the PCom aneurysm. C 
Post-operative CTA, coronal 
view: Complete obliteration of 
the aneurysm and filling of all 
blood vessels. D Post-operative 
CTA, sagittal view. Complete 
obliteration of the aneurysm. 
Please observe the calcifications 
inside the carotid at the level 
of the cavernous sinus and the 
supraclinoid segment
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need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.
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Key points - Thorough pre-operative planning, including CTA, DSA, 
thin-slice skull base CT to evaluate bony anatomy in the parasellar/
clinoid region

- 3D reconstructions using an angio suite or neuronavigation 
suite (e.g. BrainLab(R)) to understand bony-vessel relationships

- Planning out the locations of proximal and distal control, 
including options for difficult situations, e.g. temporary clip 
obstructs view because of a short supraclinoid segment of the ICA

- Large pre-temporal exposure to ensure adequate identification 
of all neurovascular structures

- Peeling off the dura in the proper dissection plane to expose 
the lateral wall of the cavernous sinus but not breach it

- Identifying the course of the trochlear nerve proximally in the 
cavernous sinus and Parkinson’s triangle

- Controlling bleeding from the cavernous sinus with fibrin 
glue

- Dissecting the glue off of the horizontal portion of the 
cavernous ICA and freeing up space for a temporary clip

- Keeping in mind that the next potential position for a 
temporary clip is the petrous ICA, which might be covered by a 
thin layer of bone

- Reconstruction of skull base defect with fat and dural grafting
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