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Abstract

Introduction: Image-guided surgery is the need of time in neurosurgery. The use of neuronavigation has a
significant impact on various neurosurgical procedures. We report our clinical experience and surgical techniques
of neuronavigation assisted intracranial and spinal surgeries.

Materials and Method: This is observational longitudinal study of 65patients who underwent surgeries using
navigation system in the department of neurosurgery, National Neurosurgical Referral Center, National Academy
of Medical Sciences (NAMS) Bir hospital and National Trauma Center, over the period of one and a half year.
Description of Navigation techniques, its applications and surgical outcome were studied. Medtronic Stealth station
7 and Brain Lab Curve Neuronavigation system, which can be used as both frame based and frameless image
guided system were employed in this study.

Results: We used Neuronavigation system in 60 cases of cranial procedures and 5 cases of spinal stabilizing
procedures. Among intracranial surgeries we utilized this system to effectively make bone flaps and burr holes, to
detect critically located deep-seated, subcortical and skull base tumors and to operate on intra parenchymal lesions
with grossly unclear margins.

Neuronavigation system was used in 5 cases of spinal procedures for pedicle screw placement.

Conclusion: Neuronavigation is a tool that provides numerous advantages to the neurosurgeon like more accurate
planning approach, ability to use smaller approaches, higher precision for intraoperative localization of different
anatomical structures and offering greater surgical safety. This technique, although apparently very complex in the
beginning, becomes very user-friendly gradually and positively appreciated by everyone who uses it, after going
through a relatively short learning curve.
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Neurosurgery will never be the same after the
introduction of Neuronavigation. The possibilities
for the application of Neuronavigation to contemporary
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1900s and that gained popularity during the 1940s,
especially with the development of surgery for the
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as a technological means to improve surgical outcomes
and to reduce surgical morbidity.’

Neuronavigation provides intraoperative orientation
to the surgeons and helps them in planning a precise
surgical approach to the targeted lesion and defines the
surrounding neurovascular structures. By incorporation
of the functional data provided by functional MRI and
magnetoencephalography with Neuronavigation, it also
guides to avoid the eloquent areas of the brain during
surgery.® Neuronavigation provides the surgeon the
ability to see a patient’s anatomy in three dimensions
and accurately pinpoint a location in the brain or spinal
cord with the aid of diagnostic images such as computed
tomography (CT) and magnetic resonance imaging
(MRI), or intraoperative images like ultrasound, MRI, etc.
It also enables surgeons to track instruments in relation to
a patient’s anatomy and track the anatomy itself during a
surgical procedure.

Neuronavigation utilizes the principle of stereotaxis.
The brain is considered as a geometric volume which can
be divided by three imaginary intersecting spatial planes,
orthogonal to each other (horizontal, frontal and sagittal)
based on the Cartesian coordinate system. Any point within
the brain can be specified by measuring its distance along
these three intersecting planes. Neuronavigation provides
a precise surgical guidance by referencing this coordinate
system of the brain with a parallel coordinate system of
the three-dimensional image data of the patient that is
displayed on the console of the computer-workstation so
that the medical images become point-to-point maps of
the corresponding actual locations within the brain .

Materials and Method

This is an observational longitudinal study and
technical details of neuronavigation guided different
surgical procedure in the brain and spine. This study was
taken place at National Neurosurgical Referral Center,
Department of Neurosurgery Bir hospital and National
Trauma Center (NTC), National Academy of Medical
Sciences (NAMS) between July 2018 till December 2019.
Institutional review board (IRB) approval was taken from
the hospitals for the study. Consent was taken from the
patients if they were able to write and from the next of kin
if they were not able to give consent. There were no such
indications or contraindications of its use, we are trying
to use it in maximum number of cases so that precise
bone work, dural opening and tumour localization and
excision can be achieved. Only the cases which undergone
use of intraoperative navigation system were included in
this study. Details of all navigation procedures, types of
surgical procedures and its final outcome were analyzed.

Placement of pedicle screw was assessed with an
intraoperative CT scan using Laine’s grading system.

Procedure

For cranial surgery, prior to the procedure the patient
gets an MRI scan and/or CT scan with fiducials pasted
on the scalp. These images are stored on an optical disc/
external drive. This disc/external drive is then transferred
to the navigation machine to be used in the operating theatre
(Figure 1a). The fiducials have to stay on the patient. Thus,
the imaging is done either the evening before or the day
of the cranial surgery. (Figure 1b) Once in the operating
room, the external markers are registered for accuracy. The
patient is then draped and prepped for surgery. Standard
skull landmarks are then correlated for accuracy using a
probe that has been registered on the navigation system.
The provided probe or other instruments (depending on
the system used and its features) can then be registered for
intraoperative navigation to the target. (Figure 1¢) Prior to
the start of the procedure, the craniotomy can be planned
to be right over the tumor and thus minimize the size of the
bone flap (Figure 1d). Intraoperatively, the approach to the
tumor can be seen in order to avoid vital brain structures
and minimize morbidity to the brain. In addition, the
extent of the tumor resection can be monitored indirectly
by correlating the position of the instruments with the
preoperative imaging studies (Figure 1e).

During the spinal procedures, the fiducials for
registration were put on spinous process of the spine. A
clamp is placed on the spinous process near the operative
area in the spine at least 2 level above or below (Figure
2a). This clamp has to remain stable throughout the
procedure otherwise the accuracy of the navigation can
be diminished. Further Brain Lab intraoperative CT scan
was positioned to obtain three-dimensional (3D) images,
(Figure 2b) which were transferred to the navigation
system for automatic registration, and the image-guided
probe was used to confirm the entry point and orientation
of pedicle screws. The pedicles were cannulated, and the
trajectories were visualized on sagittal, axial, and coronal
images at the navigation displayed images (Figure 2c).
The appropriate screw was selected and inserted.

Results

Total number of procedures with intraoperative use
of navigation were 65, of which majority were cranial
procedures (92%). In about 90% of the cases, Navigation
was used for tumor excision and biopsy (Table 1).

We have used navigation in all the cases of trans
sphenoidal endoscopic pituitary surgeries (Table 2).
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Neuronavigation was used to take the biopsy in 22
cases, of which biopsy was conclusive in 91%.

Glial tumors, meningiomas and pineal region tumors
could be excised 100% while in pituitary tumors, complete
excision achieved in only 92%.

In all the cases, craniotomy size, opening of the dura
and tumor localization with its surrounding margins were
very accurate. None of these procedures required revision
in doing bone and dura work.

In the cases where we thought surgery takes very
precise positioning with longer duration or in posterior
fossa tumors, we put patient in 3 pins otherwise all
cases we have done without head fixation. Use of neuro-
navigation process needs extra time about 30-40 minutes,
which was initially more time consuming but gradually
with increasing use, the time utilized for navigation
became less.

Neuronavigation system in neurosurgery

Number of

cases %
Tumor Excision 36 55%
Tumor Biopsy 22 34%
Catheter placement 1 1.5%
Cyst Aspiration 1 1.5%
Pedicle Screw Placement 5 8%
Table 1. Neuronavigation guided procedures
Pituitary Tumors 24 40%
Glial Tumors 6 10%
Meningiomas 5 8%
Pineal region Tumors 1 2%

Table 2. Navigation used in different brain tumor surgeries

B

Figure 1(a) Pre-operative CT/MRI images are transferred to navigation machine. Figure 1(b) Fiducial over the scalp,
Figure 1(c) Registration at different craniometric points. Figure 1(d). Precise selection of craniotomy size. Figure 1(e).

Intraoperative visualization of extent of tumor

Figure 2(a) Metallic Fudicial over the spinous process. Figure 2(b) Obtaining 3D images using intra operative CT scan.

Figure 2(c) Pedicle screw placement using navigation.
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Unsterile atmosphere

Patient is
scanned for the
Image (IGS
Protocols)

Images are
transfered to
navigation
system through

Patient reference
frame placed

- Optical-on
frame

-cT CD/DVD/USB/PA
- MRI cs

- EM-on patient

Registration
Image data is
registered to the
patient

Accuracy Check

Unsterile Atmosphere
1.

Patient is scanned for the Image under IGS recommended Protocol for
various modalities of Medical Imaging
IGS Protocol for Patient Imaging

Before Scan

Separate the patient’s head from the scanner headrest with towels or foam.
Contrast agents may be injected before scanning.

CT Scans Only

e  Standard soft tissue algorithm

e No gantry tilt

e can contiguous slices

e  Use Imm slice thickness & 1mm slice interval

e  Axial slices are preferred.

e FOV equal to or up to 250

e  Use a square image matrix of 256 x 256 or 512 x 512.

MR Scans Only

e No oblique slices

e Single-echo, no multi-echo scans

e Axial slices are preferred

e Use Imm slice thickness & 1mm Slice interval.

e T1 or T2 any sequence can be used

e FOV equal to or up to 250

Image is transferred to Navigation system through CD/DVD/USB/
PACS

Archive the raw scan exam from the scanner to a CD.

Do not archive or transfer scout images

Transfer the scan in an uncompressed file format (exception: compressed
scans from GE scanners are acceptable).

Patient Reference Frame is placed

To reference frame is placed so that it is fixed with reference to the Patient
head. The frame is fixed on the Mayfield clamp for optical system. For EM
navigation, reference is attached to the patient head on the opposite of the
surgical site.

Registration

Patient data is registered to the patient.

Sterile Atmosphere

1.

Patient Drape

Patient is draped

Sterile Reference Frame placed
Sterile Reference Frame is
switched to unsterile Reference
Frame

Navigation with sterile probe
Navigation is done using a sterile
probe

Tumor Margin guidance for
MIS Craniotomy

3D model of tumor is created
using Seed, Threshold and
Manual.

Trajectory conformation
Trajectory for the procedure is
confirmed by confirming target
and the entry. The trajectory
should be such that there are no
critical structures on the way.
Tumor resection and residual
information

Tumor is resected and checked
if all the tumor is resected as
planned.
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Registration Technique

a.

Touch

It is Fiducial based. For this method 4-12 Fiducial markers are stick to the
patient head before scan, so that the scan it is included in the patient image.
During registration patient is registered by touching on the center of these
Fiducial markers. Minimum 4 is required but it is recommended place more
up to 12, as it increase the accuracy.

Trace

It is Fiducial less technique, done by surface countering. Probe trace on the
patient head without removing the probe from patient skin starting from tip
of nose, left ridge line and then to right and then paint on to the patient skull

until registration complete.
5. Accuracy Check

probe

Check accuracy buy touching the known landmarks on the patient with the

Figure 3: IGS Workflow for Cranial Tumors

Discussion

Frame-based stereotactic target calculation is an
established method for localizing intracranial le- sions
during an operation. Using this technique, very small
tumors visible in CT or MRI can be transferred into the
stereotactic space and localized precisely, permitting
introduction of a catheter into the lesion.®® The mechanical
and especially the registration accuracy of frame-based
systems cannot be equaled by any navigation system.'®!!
The arrangement of the rods of the localization frame is
optimal for excluding errors arising from amplification of
the input data, while the calculation of the centers of the
rods is possible to one- tenth of a pixel and is independent
of slice thickness.!? However, the frame-based technique
requires more precautions with regard to the fixation of the
head ring in order to permit sufficient intraoperative access
for suboccipital or subtemporal approaches. Frame-based
introduction of a catheter is difficult in all fronto-temporo-
occipito-basal lesions that, from the microsurgical point
of view, are best approached along the skull base to begin
with and only approached trans cortically in the vicinity
of the lesion. In general, frame-based localization allows
only a lateral approach to these lesions with longer
transcortical access.

In contrast, mechanical flexibility imposes no
restrictions on the microsurgical technique.'>"*It can be
used interactively at any time during the operation and
is not limited by preoperative calculation of only a few
target coordinates. Navigation is very easily adapted
to endoscopy '>'¢ and can also be used for stereotactic
biopsies.!” If the introduction of a catheter seems the safest

way to reach a tumor, this can be guided by a navigation
device as well.

IGS Workflow for Cranial Tumors

Among the various steps of IGS Workflow few of
the steps are perform on unsterile atmosphere and rest on
sterile atmosphere (Figure 3).

Conclusion

Neuronavigation is very helpful tool in neurosurgery. It
can be used in literary all elective and emergency surgeries.
It provides great accuracy, starting from planning a scalp
incision to removing tumors inside the brain. Brain shift is
a challenge in few conditions but by using intra-operative
imaging systems, this can be eliminated. It not only helps
keep patient safe but also gives great confidence to the
operating surgeons.
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