Brief Research Report

& frontiers | Frontiers in Neurology 26 July 2022

@ Check for updates

OPEN ACCESS

Nicholas Gerald Murray,
University of Nevada, Reno,
United States

Nicola Montemurro,

Azienda Ospedaliera Universitaria
Pisana, Italy

Behnam Rezai Jahromi,

Helsinki University Central
Hospital, Finland

Li Aimin
liaimin_6529@126.com
Zhang Dong
zhangdong0660@aliyun.com

"These authors have contributed
equally to this work

This article was submitted to
Neurotrauma,

a section of the journal
Frontiers in Neurology

26 April 2022
28 June 2022
26 July 2022

Hongwei Z, Kang X, Aimin L and
Dong Z (2022) The Dolenc technique
was used to clip 14 cases of ruptured
basilar apex aneurysms and posterior
cerebral artery aneurysms.

Front. Neurol. 13:928676.

doi: 10.3389/fneur.2022.928676

© 2022 Hongwei, Kang, Aimin and
Dong. This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiersin Neurology

10.3389/fneur.2022.928676

The Dolenc technique was used
to clip 14 cases of ruptured
basilar apex aneurysms and
posterior cerebral artery
aneurysms

Zhang Hongwei'?!, Xie Kang?, Li Aimin®** and Zhang Dong'*

!Department of Neurosurgery, Beijing Tiantan Hospital Affiliated to Capital Medical University,
Beijing, China, ?Department of Neurosurgery, Lianyungang Hospital Affiliated to Xuzhou Medical
University, Lianyungang, China

Objective: To investigate the surgical techniques and their clinical effects
for ruptured basilar artery apex and posterior cerebral aneurysms via the
Dolenc approach.

Methods: We retrospectively analyzed the clinical data of 14 patients with
ruptured basilar artery apex and posterior cerebral aneurysms who underwent
surgical clipping by the Dolenc approach from July 2017 to June 2020
in Beijing Tiantan Hospital affiliated with Capital Medical University and
Lianyungang Hospital affiliated with Xuzhou Medical University. The modified
Rankin scale (mRs) scores were used to evaluate the prognosis of patients.

Results: All 14 cases of aneurysms were successfully clipped. Overall, 1, 2,
and 1 cases of postoperative new-onset visual loss, oculomotor nerve palsy,
and contralateral hemiplegia, respectively, were reported. Digital subtraction
angiography (DSA) or computed tomography angiography (CTA) examination
of the aneurysm within 2 weeks after surgery revealed that the aneurysm
was completely clipped without residue. The observations during the follow-
up within 12-18 months after surgery were as follows: 1 case of vision loss
returned to normal, 2 cases of oculomotor nerve palsy, 1 case of return to
normal, 1 case of improved, 1 case of contralateral hemiplegia improved after
rehabilitation treatment, and 1 case of hydrocephalus ventriculoperitoneal
shunt surgery was performed. Overall, 11, 2, and 1 case had mRs scores of
0, 1, and 2, respectively. No death was reported.

Conclusion: For the small number of basilar apical and posterior cerebral
aneurysms treated non-invasively, the Dolenc approach may offer advantages
over other modalities.

Dolenc approach, surgical clipping, basilar apex aneurysm, posterior cerebral artery
aneurysm, Rankin scale scores
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Introduction

Apical basilar artery aneurysms and posterior cerebral artery
aneurysms are relatively rare intracranial aneurysms, accounting
for ~2-7 and 1-2% of intracranial aneurysms, respectively
(1, 2). Due to the deep location and complex surrounding
anatomy, the treatment of intracranial aneurysms is challenging
for neurosurgeons and neurointerventionalists. Currently,
interventional therapy is the main treatment for basilar artery
apical aneurysms and posterior cerebral aneurysms. However,
because of the advantages of craniotomy clipping in terms of
the complete occlusion rate and recurrence rate, craniotomy
clipping is still an irreplaceable choice.

The Dolenc approach is one of the most commonly used
surgical approaches for the surgical treatment of basilar artery
apical aneurysms. It was first proposed by Professor Vinko
Dolenc in 1987, who applied it to 11 cases of basilar artery
apical aneurysms with good results. This approach features
epidural resection of the anterior clinoid process combined with
subdural anterior access through the cavernous sinus into the
interpeduncular cistern to expose and clip the basilar aneurysm
(3-5). Moreover, the Dolenc approach has certain advantages in
the surgical treatment of posterior cerebral aneurysms.

In this study, we retrospectively analyzed the clinical
outcomes of 14 patients with apical basilar artery or posterior
cerebral aneurysms clipped by the Dolenc approach and
analyzed the feasibility, safety, and advantages of the Dolenc
approach in the treatment of such aneurysms.

Materials and methods

General information

In this study, 14 patients (8 with basilar artery apex and
6 with posterior cerebral aneurysms) were included. Of the 8
patients with basilar artery apex aneurysms, 3 were men and 5
were women, with an average age of 59.4 (range: 39-72) years.
All eight patients had a sudden headache as the first symptom.
According to the Hunt-Hess classification score, 1, 5, 1, and 1
cases were grades I, II, III, and IV, respectively. The six cases of
posterior cerebral aneurysms included 4 men and 2 women, with
an average age of 52.8 (range 33-64) years. All of them had a
sudden headache at the time of onset, and 2 of them presented
with a complication of oculomotor nerve palsy. According to the
Hunt-Hess classification, 2, 1, 1, 1, and 1 cases were grades L, II,
IIL IV, and V, respectively.

Imaging examination

Overall, 14 cases were diagnosed with posterior circulation
aneurysm using digital subtraction angiography (DSA) and
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computed tomography angiography (CTA). Among them, 8
cases were of basilar artery apical aneurysm, of which 7
aneurysms were located at the origin of the P1 segment of
the posterior cerebral artery and 1 was located at the origin
of the superior cerebellar artery. Among the 8 cases of basilar
aneurysm, 6 cases were combined with other aneurysms.
Considering the size of the aneurysm, 3, 4, and 1 case had a
diameter < 0.5cm, > 0.5 but < 1.5cm, and > 1.5 but < 2.5cm,
respectively. Among 6 cases of the posterior cerebral aneurysm,
2, 3, and 1 were located in the P1 segment of the posterior
cerebral artery, at the P1-P2 bifurcation, and in the P2 segment,
respectively. Considering the size of the aneurysm, 1, 4, and 1
case had a diameter < 0.5cm, > 0.5 but < 1.5cm, and > 1.5 but

< 2.5 cm, respectively.

Surgical methods

After general anesthesia, the patients were placed in the
supine position. A standard pterional craniotomy was used for
the surgical approach; the bone flap was removed, a part of the
sphenoid ridge was bitten off, and the dura was further separated
from the anterior clinoid process. A part of the upper lateral wall
of the optic canal was removed, and a part of the anterior clinoid
process, orbital roof, and lesser sphenoid wing were further
removed. The whole process of micro-drilling drips water to
ensure timely cleaning, and when the air chamber is opened, the
mucosa should be kept intact and the bone wax should be closed
as much as possible. When peeling the dura, the bleeding of the
cavernous sinus should be stopped by compression with a gelatin
sponge. Further, the dura mater was cut along the “I” shape
of the lateral fissure, the suture was pulled on both sides, and
the arachnoid cistern was opened to release the cerebrospinal
fluid. The optic nerve dural sheath along with the proximal
and distal rings of the internal carotid artery was opened,
and the internal carotid artery was released. The lateral space
of the internal carotid artery was opened and fully removed
the attachments around the posterior communicating artery,
exploring the posterior communicating artery to the P1-P2
bifurcation of the posterior cerebral artery, and then proceeded
to the proximal end of P1, which can be exposed to the top of
the basilar artery or to the distal end of P2. Exposure, such as the
posterior clinoid process affecting the aneurysm or exposure of
the proximal parent artery, may be removed.

Results

Clinical efficacy
All 14 cases of aneurysm were successfully clipped during

the surgery, 2 cases of aneurysm ruptured and hemorrhaged
during surgery, among which, 1 case was a basilar aneurysm,
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no temporary closure was performed, the other case was a
posterior cerebral aneurysm with a large aneurysm, and the
proximal parent artery was temporarily blocked and then
clipped. One case of the basilar aneurysm was observed to
be combined with the left posterior communicating aneurysm
and anterior communicating aneurysm by preoperative DSA.
The posterior communicating artery ampulla was detected
during the surgery; no anterior communicating aneurysm was
observed, and the basilar aneurysm was successfully clipped.
In the early postoperative period, visual acuity decreased in
1 case, new ophthalmic nerve palsy was observed in 2 cases,
and contralateral hemiplegia was observed in 1 case. The DSA
or CTA examination of the aneurysm within 2 weeks after
the surgery revealed that the aneurysm was completely clipped
without residue. During a follow-up of 12-18 months after the
surgery, 1 case of vision loss returned to normal; among the 2
cases of oculomotor nerve palsy, 1 returned to normal, and 1
case was improved. One case underwent ventriculoperitoneal
shunt surgery because of hydrocephalus. According to the
modified Rankin scale (mRs) prognostic score, the prognosis of
patients with aneurysms was evaluated. There were 11 cases with
mRs 0, 2 with mRs 1, and 1 with mRs 2. No death was reported.

Considering the location, shape, size, and other factors of
the aneurysm, we selected 3 typical cases: (1) Case 1: A 72-
year- old female was admitted to the hospital because of a
sudden headache for 2 weeks. Preoperative CTA and DSA
examination revealed a lobulated basilar artery apical aneurysm.
The right Dolenc approach aneurysm clipping was performed,
and the aneurysm was exposed and clipped successfully during
the surgery. (2) Case 2: A 55-year-old male was admitted
to the hospital because of a sudden severe headache with
unconsciousness for 2 days. Preoperative DSA revealed an
aneurysm at the P1-P2 bifurcation of the right posterior cerebral
artery. The right Dolenc approach was performed for aneurysm
clipping. During the surgery, the aneurysm was seen to be blood
blister-like. The proximal P1 segment was temporarily blocked
and the aneurysm was clipped. (3) Case 3: A-56-year old female
was admitted to the hospital because of a sudden headache.
Preoperative CTA and DSA revealed multiple aneurysms at
the P1-P2 bifurcation of the right posterior cerebral artery.
The right aneurysm was clipped via the Dolenc approach. The
two aneurysms were exposed and clipped smoothly during the
surgery. The imaging data and intraoperative findings of typical
cases before and after surgery are shown in Figures 1-3.

Discussion

The basilar artery and the posterior cerebral artery are
one of the most common sites for the occurrence of posterior
circulation aneurysms, among which the top of the basilar
artery is the most common site (6, 7). Since aneurysm
of the posterior circulation continues to grow and has a
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high risk of rupture, most of them require active surgical
treatment. The top area of the basilar artery contains many
branched vessels with important functions and perforating
arteries to the brainstem and thalamus. Hence, interventional
therapy and surgical clipping are difficult and risky. A large
number of posterior circulation aneurysms are selected for
interventional therapy. However, surgical clipping of aneurysms
is still a good choice, particularly, for complex aneurysms,
such as those at complex morphological structures, recurrent
aneurysms after the intervention, those where branch vessels are
closely related, and those that are large or huge, wide-necked,
calcified, or thrombosed. Moreover, surgical clipping has certain
advantages (8). Studies have compared the therapeutic effects
of interventional therapy and surgical clipping in 208 cases of
basilar artery apical aneurysms. No significant difference was
observed in the terms of prognosis. However, the recurrence
rate of surgical clipping was lower than that of interventional
therapy (9). A study reported that surgical clipping is superior
to interventional therapy in terms of complete occlusion
rate, rebleeding, and retreatment for the treatment of basilar
artery apical aneurysms, and surgical clipping is more suitable
for young patients (10). The cases chosen in this study for
craniotomy and clipping were mainly based on the following
points: (1) the interventional doctor believed that interventional
therapy was not suitable because of the shape of the aneurysm.
(2) There were indications for craniotomy and clipping surgery.
(3) Patients and their families chose surgery because of cost and
other reasons.

Common surgical approaches for basilar aneurysms
and posterior cerebral aneurysms include pterional and
infratemporal approaches, both of which have their own
advantages and disadvantages (11, 12). The pterional approach
is simple to operate. However, the space is relatively small,
the visual field is easily blocked by the internal carotid and
posterior communicating arteries, and the proximal basilar
artery is poorly exposed. Particularly, the basilar artery top is
located low or the aneurysm points to the rear. The Sylvian
fissure should be fully opened and the temporal lobe should
be stretched. The pterional approach can satisfactorily expose
the P1-P2 bifurcation of the posterior cerebral artery. The
subtemporal approach can effectively shorten the surgical path,
and the main trunk of the basilar artery is well exposed. The
exposure of the perforating artery is difficult, the temporal lobe
is greatly stretched, and the cranial nerve is easily damaged.
Studies have reported that the incidence of oculomotor nerve
injury in patients undergoing subtemporal approach surgery is
32-35%. It is mainly manifested as postoperative oculomotor
nerve palsy, of which 8-9% cases are difficult to recover (13).
The inferior temporal approach has more advantages in the
exposure of the P2 segment of the posterior cerebral artery.

The posterior cerebral artery arises from the top of the
basilar artery, and the aneurysm at the tip of the basilar artery
is often exposed proximally along the posterior cerebral artery
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FIGURE 1

Clipping of basilar artery apical aneurysm via the Dolenc approach. (A,B) Preoperative computed tomography angiography (CTA) and digital
subtraction angiography (DSA) revealed a basilar artery apical aneurysm; the aneurysm was lobulated. (C) During surgery, the internal carotid
artery and the posterior clinoid process of the surgery side were exposed. (D) The internal carotid artery was pulled medially, and the exposure
range was increased. The P1 segment of the posterior cerebral artery and its perforating arteries were visible. (E) The basilar artery was exposed
along the posterior cerebral artery to the top of the basilar artery. The aneurysm was exposed, and the sub-aneurysm was visible. (F) The
aneurysm was completely exposed, and sub-aneurysms were visible. (G) The neck of the aneurysm was clipped. The basilar arteries, bilateral
posterior cerebral arteries, and superior cerebellar arteries were explored, and no vascular damage was observed. (H) Intraoperative DSA
revealed no development of aneurysm and no vascular damage. (I) Re-examination was performed using the head CT within 12 h after surgery.

with the Dolenc approach. The Dolenc approach has certain
advantages in the treatment of basilar artery and posterior
cerebral artery aneurysms: (1) the anterior clinoid process is
removed by epidural grinding. The distal and proximal rings
of the internal carotid artery and the optic nerve sheath are
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opened. The internal carotid artery and the optic nerve are
released, and their mobility is improved. The exposed area of
the anatomical space related to surgery is increased, such as
the optic nerve-internal carotid triangle, internal carotid artery-
oculomotor triangle, and the oculomotor-tentorial triangle.
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FIGURE 2

Clipping of the aneurysm at the P1-P2 bifurcation of the posterior cerebral artery via the Dolenc approach. (A) Preoperative head CT revealed
subarachnoid hemorrhage. (B) DSA revealed the tumor at the P1-P2 bifurcation of the right posterior cerebral artery. (C) The aneurysm was
exposed during the surgery; the wall of the apical aneurysm was thin, and adhesion was observed between the aneurysm and temporal lobe. (D)
The aneurysm was clipped parallel to the parent artery during the surgery. (E) Re-examination using head CT within 12 h after surgery. (F)
Postoperative CTA revealed no development of aneurysm and no vascular damage.

(2) The resection of the anterior clinoid process moves the
surgical perspective forward, which can better use the natural
intracranial space, avoid excessive temporal lobe, wide open
the Sylvian fissure and reduce damage. (3) The increase of
the operating space and the change of the surgical angle are
beneficial to the exposure of the top of the basilar artery, and
the clipping of high, normal, and low basilar artery apical
aneurysms. At the same time, the P1 segment of the contralateral
posterior cerebral artery and the superior cerebellar artery can
be exposed. (4) Increased exposure to posterior cerebral arteries.
(5) It is beneficial for the temporary block of the parent artery
and protection of the cranial nerve during the surgery, and
it improves the safety of surgery. (6) It is beneficial in the
clipping of special cases of large or huge, blood blister-like, or
irregular aneurysms and intraoperative aneurysm rupture. (7)
If necessary, the clinoid process can be further exposed after
grinding. Some studies have measured the exposure range of
the basilar artery by simulating the orbital zygomatic approach
through the cavernous sinus through cadaveric head dissection.
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The average length of exposure is 4 mm, and after the anterior
clinoid process is removed, the exposure length is 16.5 mm,
and the exposure length is significantly increased (14). In
addition, some studies believe that the fronto-orbitozygomatic
approach can simultaneously remove the anterior and posterior
clinoid processes and treat basilar artery apical aneurysms at
the optic nerve-internal carotid triangle, internal carotid artery—
oculomotor triangle, and oculomotor-tentorial triangle. The
optimal exposure and surgical approach to this site can be
achieved; however, it is noted that this approach is relatively
invasive (15).

Apical aneurysm of the basilar artery was clipped through
the Dolenc approach, and mobility of the internal carotid artery
was increased so that the internal carotid artery-oculomotor
nerve space was the best exposure and surgery space. Since
most aneurysms have wide necks and are located at bifurcations
with many surrounding branch vessels, incomplete clipping of
the aneurysm or misclamping of branch vessels is possible.
Incorrect clipping and loss of the lateral posterior cerebral and
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FIGURE 3

Clipping multiple aneurysms at the P1-P2 bifurcation of posterior cerebral aneurysm via the Dolenc approach. (A) Preoperative CTA revealed an
aneurysm at the left posterior cerebral P1-P2 bifurcation with irregular shape and basilar artery and bilateral posterior cerebral artery stenosis.
(B) DSA revealed two aneurysms at the bifurcation of P1-P2 of the posterior cerebral artery, exhibiting a lobulated shape. (C) During surgery, the
P1-P2 bifurcation aneurysm could be seen in the lateral space of the internal carotid artery, which points to the posterior and medial side, and
the oculomotor nerve and posterior communicating artery could be seen. (D) The optic nerve was pulled medially to increase the exposure
range, and the P1 segment of the posterior cerebral artery, posterior communicating artery, and its perforating vessels could be seen. (E)
Another aneurysm at the bifurcation of P1-P2 was exposed, pointing downward, and a part of the perforating vessels and oculomotor nerve
from P2 could be seen. (F) Two aneurysm clips were used to clip the aneurysm. (G) A postoperative CT scan of the head. (H) The postoperative
CTA revealed that the aneurysm was completely clipped with no residue and no vascular damage.

superior cerebellar arteries and special attention should be paid
to the protection of the perforating arteries to the brainstem
and thalamus. If an aneurysm is irregular in shape, large in
size, and has a blood blister-like shape that may rupture during
surgery or fuse with surrounding branch vessels, the parent
artery should be temporarily blocked, and then exposed and
clipped to prevent intraoperative aneurysm and damage to blood
vessels and nerves. In this study, 8 cases of basilar aneurysm
were successfully clipped using the Dolenc approach, and 1 case
exhibited rupture and hemorrhage during surgery. After suction,
the neck of the aneurysm was clearly exposed and successfully
clipped. In 1 case, the superior cerebellar artery originated from
the aneurysm, and it was difficult to intervene, so surgery was
chosen. The intraoperative aneurysm neck and basilar artery,
posterior cerebral artery, and superior cerebellar artery were
clearly exposed to clip successfully.

A posterior cerebral aneurysm is a relatively rare posterior
circulation aneurysm, accounting for ~7% of posterior
circulation aneurysms. It mostly occurs in the P1 segment,
P1-P2 junction, and P2 segment of the posterior cerebral artery
(16). Some studies have calculated the location of posterior
cerebral aneurysms, such as the P1 segment, P1-P2 junction,
and the P2-segment aneurysms, each accounting for 30%, and
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the P3 segment aneurysms accounting for 10% (17). After
treatment of posterior cerebral artery aneurysm using the
Dolenc approach, better exposure and viewing angle can be
obtained, and the degree of freedom of surgery can be improved.
During surgery, the posterior cerebral artery P1-P2 bifurcation
can be exposed along with the origin of the internal carotid
artery to the distal end of the posterior communicating artery,
and then the P1 and P2 segments of the posterior cerebral artery
can be exposed on both sides. It should be noted that traction
of the blood vessel causes displacement of the parent artery,
which leads to rupture of the aneurysm. The oculomotor nerve
is located below the posterior cerebral artery, crosses with it,
and is closely related. In this study, 2 cases of posterior cerebral
aneurysm exhibited symptoms of oculomotor nerve palsy before
surgery. Excessive pulling of the oculomotor nerve should be
avoided during surgery of the tentorial triangle to prevent
postoperative oculomotor nerve palsy symptoms. During
surgery of the posterior cerebral artery P2-segment aneurysm, if
it is difficult or impossible to clip the aneurysm, parent artery
occlusion should be considered. In most cases, postoperative
neurological dysfunction will not be caused. In this study, 6
cases of posterior cerebral aneurysms were clipped through
the Dolenc approach. Among them, 1 case of the P1-segment
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aneurysm exhibited rupture and hemorrhage during surgery.
Due to the large size of the aneurysm, the proximal end of
the parent artery was temporarily blocked, and the aneurysm’s
neck and oculomotor nerve were exposed. After clearing, it was
clipped smoothly.

Epidural resection of the anterior clinoid process is one of
the key steps in the treatment of basilar artery apex and posterior
cerebral aneurysm by the Dolenc approach. During the process,
attention should be paid to the mechanical and thermal damage
of the optic and oculomotor nerves, and to avoid postoperative
cerebrospinal fluid nose caused by air chamber opening.
Leakage, reasonable treatment of cavernous sinus hemorrhage,
and dura mater along the Sylvian fissure “T” can reach the distal
ring of the internal carotid artery so that the dural incision
is reduced. Reasonable surgery of epidural is an important
link to reduce postoperative complications. Oculomotor
nerve palsy is a common postoperative complication of
Dolenc’s approach for such posterior circulation aneurysms.
During surgery, the oculomotor nerve suffers from traction
or bipolar thermal injury, or damage is observed to the
perforating arteries from the posterior communicating artery
and posterior cerebral artery that supply blood (18). At
the same time, temporary blocking time should be reduced
to prevent damage to perforating vessels and to reduce
the occurrence of postoperative cerebral infarction. This
is to particularly protect the perforating arteries of the
brainstem and thalamus. Moreover, effective intraoperative
multimodal combined monitoring, such as electrophysiological
monitoring, intraoperative indocyanine green fluorescence
angiography, DSA, and endoscopic exploration, can reduce the
incidence of intraoperative vascular injury and postoperative
cerebral ischemia.

Basal trunk aneurysms present a particular challenge to
neurosurgeons due to high mortality and operative morbidity
(19, 20). Different surgical methods result in poor prognosis of
patients. Therefore, it is necessary to select appropriate surgical
methods for different patients.

This study has certain limitations. The number of cases
was lower, and it was a single-center study. Surgeons with
varied experience often bring different treatment effects. In
the future, studies including a high number of cases should
be considered, and a prospective randomized controlled study
should be conducted.

Conclusion

Interventional therapy is the first-choice treatment for
aneurysms that are present at the tip of the basilar artery
and posterior cerebral aneurysms. However, for a few cases
that are unacceptable to interventional physicians, craniotomy
and clipping can be chosen. The Dolenc approach has
more advantages than other surgical approaches. Therefore,
the Dolenc approach is a safe and effective method for
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the surgical treatment of basilar artery apex and posterior
cerebral aneurysms.
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