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Background The neurosurgical approach to clipping cerebral aneurysms has been
a complex challenge for all neurosurgeon experts in cerebrovascular surgery. The
three-dimensional computed tomography angiography (3D-CTA) allows identifying
bone and vascular structures close to an aneurysm to simulate in virtual 3D images,
the appropriate and safest approach to cerebral aneurysm clipping.
Objectives This study aims to share our experience using 3D simulation as a support
to the safe planning for cerebrovascular disease surgery.
Materials and Methods We reviewed the surgical outcomes from a cerebrovascular neurosurgeon using the 3D-CTA images in 360-degree reconstruction in the planning of the preoperative surgical procedure for the treatment of brain aneurysm. In all
patients, the virtual surgical approach was replicated in real-time surgery.
Results We analyzed 34 patients around 51 ± 8 years of age. Of these, 76.5% (n = 26)
and 23.5% (n = 8) were males and females, respectively. Saccular aneurysms were the
most frequent (85%), the Arteries affected by aneurysms were middle cerebral artery
(n = 6), basilar tip (n = 6), vertebral artery in V3 and V4 (n = 6), and posterior cerebral
artery (n = 5). The virtual surgical pterional approach was the most frequently used
(50%), followed by fronto-orbito-zigomático (29%) and far lateral (15%) approaches.
There were no intraoperative complications in any patient.
Conclusion Preoperative 3D virtual reality simulation is a great support tool to perform a safe surgical procedure in real-time for the treatment of simple and complex
brain aneurysms.

Introduction
The neurosurgical approach to clipping cerebral aneurysms
has been a difficult challenge for the expert cerebrovascular
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neurosurgeon, forcing the neurosurgeon to combine their surgical skills with their mental map of the brain–vascular anatomy to plan the surgical approach and also have resolved any
transsurgical incidental complications. They must face the
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challenge of learning, planning, and performing increasingly
complex surgical procedures with little margin for error.1,2
The importance of precisely understanding the threedimensionality of aneurysms before clipping has been emphasized in several publications since 1995.3 There are many
ways to acquire surgical skills through neurosurgical training,
animal laboratories, and carcass which have been a standard
for learning but they have many practical limitations, and the
use of physical models may be equally restricted; therefore,
the need to incorporate new techniques to optimize surgical
results has grown.2 Continuous upgrading of computing and
virtual reality environments now offer additional flexibility
of training possibilities for users, especially in the training
of neurosurgeons in the cerebrovascular specialty. We consider that the variations in surgical effectiveness observed in
the past were possibly the result of an inappropriate surgical
approach since the different study techniques did not allow
virtual reality planning, making the surgical result depend on
the experience of the neurosurgeon.4-13
With three-dimensional computed tomography angiography (3D–CTA), it has been possible to observe structural
details of the cerebral aneurysm, improving the diagnostic sensibility to identify hidden structures and aneurysms
smaller than 3 mm, and to perform a preoperative virtual
reality planning surgical approach.6-14 In our experience,
using the 3D-CTA study as a tool for preoperative virtual
reality planning with 360-degree image reconstruction, we
were able to visualize bone structures and vascular network
adjacent to a cerebral aneurysm, also to perform the neurosurgical procedure in real-time, distributing this technique
into the highly specialized cerebrovascular program for the
training of neurosurgeons. In this document, we describe the
results obtained whit this preoperative technique.

Materials and Methods
We reviewed the surgical outcomes from January 2017 to
August 2019 by a neurosurgeon specialized in cerebrovascular surgery, who used only 3D-CTA images with 360-degree
reconstruction to preoperative virtual reality planning surgical approach to clipping cerebral aneurysm to apply it into
the surgical procedure in real-time. The 3D-CTA study was
performed on a 64-slice Siemens scanner, with a record of
300 cuts of 1 mm. All the images and reconstruction of aneurysm were analyzed by a neuroradiologist and by the neurosurgeon in the Picture Archiving and Communication System
(PACS) equipment installed in the Apple Mac system using
the KDS Kanteron Systems version 3.1b2 in multiple projections simulating the surgical procedure.
In all patients, bone and vascular structures adjacent to
the cerebral aneurysm were identified with a potential risk
of promoting intraoperative complications. These structures
were virtually removed to reach the appropriate site to perform the aneurysm clipping.
The surgical procedure in real-time was performed based
on the virtual approach without the need for any modifications during the surgery, achieving a successful aneurysm
clipping in all patients (►Fig. 1). Finally, epidemiological
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Fig. 1 Virtual pterional approach in bilobulated aneurysm of the
posterior communicating segment.

variables, location, and dimensions of the aneurysms, surgical outcome, complications related to contrast, and surgical
procedure were recorded from the clinical history.

Statistical Analysis

The descriptive analysis was performed with percentages
and absolute numbers using SPSS statistical package v25.0 for
Windows operative software.

Results
We analyzed 34 patients around 51 ± 8 years of age. Of these,
76.5% (n = 26) and 23.5% (n = 8) were males and females,
respectively. The initial symptomatology was mainly characterized by headache, motor dysfunction, or disturbance
of some cranial nerve. Also, 47% of patients were in grade
I of Fisher’s stratification and 60% in grade I of Hunt–Hess
scale (►Table 1). Saccular aneurysms were the most frequent
(85%) with dimensions in the neck, equator, and dome in the
rank of 2.6 to 20, 16 to 28, and 1 to 25 mm, respectively. The
anatomical location showed a similar proportional distribution in the middle cerebral artery (n = 6), basilar tip (n = 6),
and vertebral artery in V3 and V4 (n = 6) followed by posterior cerebral artery (n = 5; ►Table 2).
The preoperative virtual and surgical approaches were the
pterional (50%), fronto-orbito-zigomático (29%), and lateral
(15%), examples are shown in ►Figs. 1 and 2, and there was
no intraoperative complication. Postoperative complications
impossible to prevent with preoperative virtual approach
but, related with neurological surgery, were observed in
eight patients: neurogenic shock (n = 1), spinal cerebral
fistula (n = 3), hygroma (n = 1), hydrocephalus (n = 1), and
cerebral infarction due to vasospasm (n = 1). No patients had
any complications related to the contrast medium used in the
3D-CTA study (►Table 2).

Discussion
Neurosurgeons, in particular, are faced with the challenge
of learning, planning, and performing complex surgical
procedures and, with continuous improvements, virtual
reality now offers the potential for flexible training and
preoperative experiences.15 The preoperative planning of
surgical approaches to clipping cerebral aneurysms is an
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indispensable mental process that neurosurgeons must perform to achieve a safer surgical act, prevent inadvertent or
incidental injuries during the intervention, and, of course,
to obtain better results. Before 3D-CTA, the cerebrovascular
neurosurgeon had to plan the surgical procedure only with
mental images obtained from his experience; however, intraoperative improvisation to avoid lesions to the bone and vascular structures near to cerebral aneurysm frequently have
to be done. Since 1995, 3D-CTA had been used in surgical
planning with its technological limitations in that time,3 in
fact, with 3D-CTA reconstructed in 360 degrees, it is possible
to virtually eliminate the cerebral content, bone structures,
and vessels adjacent to the cerebral aneurysm, allowing to

observe in different projections, exclusively the cerebral
aneurysm, making it virtually easier for the neurosurgeon
to select a better surgical approach with the lowest risk of
intraoperative complications and the specific clip according
to each type of cerebral aneurysm.

Table 2 Anatomical Location, cerebral aneurysms types,
surgical approach and early postoperative complication
%

Sacular

29

85

Fusiform

5

15

Anatomical location

Middle cerebral artery

6

17

n

%

Basilar artery

6

17

13

38

Cerebral posterior artery

5

14

Vertebral artery
(V3 and V4 segments)

6

17

Othersa

11

32

Motor dysfunction

8

23

Cranial nerve disorder

8

23

Cerebral stroke

6

17

Surgical approach

Hunt–Hess scale

I

n
Aneurysm types

Table 1 Clinical symptomatology and neurological assessment
Headache/migraine
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16

47

Peterional

17

50

10

29

II

4

12

Fronto-orbito-zigomático

III

4

12

Far lateral approach

5

15

29

Retrosigmoid

2

3

IV

10

Postoperative neurological complications

Fisher’s scale

I

19

55

Neurogenic shock

3

9

II

5

15

Spinal cerebral fistula

3

9

III

2

6

Hygroma

1

3

15

Hydrocephalus

1

3

IV
V

5
3

9

Ophthalmic artery, basilar trunk, right labyrinth, communicating segment, vertebrobacillary union.
a

Fig. 2 (A) Virtual clinoidectomy, (B) final virtual view, (C) real clinoidectomy, and (D) aneurysm clipping.
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In the Neurosurgery Department of our institution, we
are using this technique before the surgical procedure,
applying it in surgery in real-time, reaching in all cases successful aneurysm clipping without incidental intraoperative
injuries or neurological complications, despite having performed surgical approaches in arterial segments with difficult access. These findings contrast with those reported in
the international medical literature, where the planning of
surgical approach is performed only with images obtained
from the contrasted two-dimensional (2D) study, observing
an incidence of intraoperative complications between 12 and
20%.8,14,16-24
We observed that with the 3D-CTA, 360-degree reconstruction offered an additional advantage, which consists in
the possibility of eliminating brain mass, bone, and vascular
structures that have allowed us to perform a preoperative virtual reality surgical approach and after apply it in real-time
surgery, with successful results in cerebral aneurysm clipping, as well as the teaching of this virtual technique in the
cerebrovascular training program, for neurosurgeons.
Another challenge is to visualize a surgical approach to the
mental construct that can predict what will be encountered
in the operating room. For this reason, considerable research
effort has gone into developing methods and systems that are
capable of fusing multimodal imaging data and presenting the
surgically relevant information in interactive 3D displays.25
In the field of surgical practice, greater improvement
in programs and virtual immersion has been applied,
an example of this is the Immersive Touch Aneurysm
Clipping Simulator (ITACS) which provide realistic haptic
virtual reality clipping of a patient-based cerebral aneurysm. The system provides force feedback simultaneously in
real time.26 Although we are aware of this kind of technology,
there are only a few first world countries which count on this
technology. Unfortunately in developing countries, there is
no access to this technology.
In summary, the preoperative 3D virtual surgical approach
with 360-degree reconstruction to plan the surgical procedure in real time used together with the cognitive skills and
experience of cerebrovascular neurosurgeon allows greater
efficiency with any incidental transsurgical complication
in our institution, also practicing surgeons can potentially
review unusual procedures and challenging anatomy in a safe
and simulated environment. Even experts can plan and test
complex approaches and assess the advantages of various
approaches on a virtual representation of a patient’s specific
anatomy. Meanwhile, as costs decline and the technology
matures, virtual reality and augmented reality are sure to
play an increasingly important role in cerebrovascular neurosurgery in the years and decades to come.

Conclusion
Although 3D-CTA is a cheap diagnostic tool that is used in
many medical centers, some of them do not use it as a safety
planning tool for clipping aneurysms. We try to demonstrate
how despite the absence of digital angiography or magnetic
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resonance, CTA offers many advantages in cerebrovascular disease. The preoperative 3D virtual reality simulation
is a good support tool to perform a safe surgical procedure
in real-time for the treatment of simple and complex brain
aneurysms. With the improvement and evolution of virtual
reality, 3D-CTA offers a cheap and low-risk study that can be
considered as a gold-standard study in the diagnosis of cerebral aneurysms.
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