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Usefulness of electromagnetic-guided neuronavigation system
for neonates and infants

Masaaki Nemoto, Chie Matuura, Yuki Sakaeyama, Shiniti Okonogi,
Yasuyuki Node, Shunpei Ando, Hiroyuki Masuda,
Kousuke Kondo, Naoyuki Harada, Nobuo Sugo

Department of Neurosurgery (Omori), School of Medicine, Faculty of Medicine, Toho University

Abstract

[Introduction] In general, neuronavigation systems are optical and require firmly fixing the head with metal
pins. Accordingly, application of such systems for neonates and infants with fragile skulls is difficult. In this study,
the usefulness of an electromagnetic-guided neuronavigation system that does not require fixation of the head with
metal pins for neurosurgery on neonates and infants was evaluated. [Patients] The subjects were two patients
with medulloblastoma, one with hydrocephalus, one with fourth ventricle outlet obstruction, one with Chiari
malformation type II, one with arachnoid cyst, and one with craniosynostosis, ranging in age from 3 months to 1
year and 4 months. All patients underwent surgery under electromagnetic-guided neuronavigation. For
hydrocephalus, puncture into the fourth ventricle was safe and a tube was placed at a reliable position. For Chiari
malformation type II and craniosynostosis, hemorrhage was avoided by identifying the location of the venous sinus.
For the arachnoid cyst, operator disorientation due to the presence of multiple cysts was corrected. For the
medulloblastoma, total tumor resection was possible by accurately identifying the depth reached during surgery.
On the other hand, there were difficulties, such as metal-induced halation and noise from intraoperative monitoring,
requiring diversion. [Conclusion] Electromagnetic-guided neuronavigation was found to increase the safety of

pediatric neurosurgery.

Key words : Electromagnetic-guided Neuronavigation, pediatric neurosurgery, neonatal neurosurgery

Introduction

Recent advances in neuronavigation have made it
essential for safe and reliable neurosurgery. Optic-
al-guided neuronavigation is often employed, requir-
ing sturdy fixation of the head with metal pins.
Therefore, it is not applicable to neonates or infants
because of their fragile skulls. In electromagne-
tic-guided neuronavigation, the patient tracker is
affixed to the scalp with a seal, allowing it to be used
for neonates and infants. In this study, the clinical
usefulness of electromagnetic-guided neuronaviga-
tion for neurosurgery on neonates and infants was
evaluated.

Methods

The Stealth Station R S7TM system (Medtronic
Public Limited Company, Minnesota, USA) was used
(Fig. 1a). The head was fixed with a round headrest

6-11-1, Omori-nishi, Ota-ku, Tokyo, Japan, 143-8541
TEL 03-3762-4151 FAX 03-3298-4847
E-mail : masaaki.nemoto@med.toho-u.ac.jp

or U-shaped type headrest. The non-invasive patient
tracker is a marker indicating the position of the
patient’s head, and a position with stable fixation with
no influence on the skin incision or craniotomy range
was selected for the fixation site (Fig. 1b).

The AXIEMTM mobile emitter senses the position
of the non-invasive patient tracker and transmits
information to the main neuronavigation unit. The
AXIEMTM mobile emitter was fixed at a site one
fist-width from the head (Fig. 1c). This study was
approved by the ethics committee of Toho University
Omori Medical Center (examination number : 27-93).

Results

The subjects were two patients with medulloblasto-
ma, one with hydrocephalus, one with fourth ventricle
outlet obstruction, one with Chiari malformation type
I1, one with arachnoid cyst, and one with craniosynos-
tosis, ranging in age from 3 months to 1 year and 4
months (Table 1). All patients underwent surgery
with electromagnetic-guided neuronavigation.
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(b) (c)

Fig. 1 Electromagnetic-guided neuronavigation system
(a) Stealth Station R S7TM System
(b) Non-Invasive Patient Tracker
(c) AXIEMTM Mobile Emitter

Table 1 Summary of cases

Case Age Sex Disease name Surgical operation

1 6m M Hydrocephalus V-P shunt

2 lydm M FVOO 4th vent-p shunt

3 10m F Fronto-Orbital

advancement

Craniosynositosis

Chiari 2 FMD

Medulloblastoma Tumor removal

6 7m M Medulloblastoma ~ Tumor removal

7 7m M Arachnoid cyst Cystocisternostomy

y i year, m : month, M : male, F :female, FVOO : fourth
ventricle outlet obstruction, V-P shunt : ventricular peritoneal
shunt, 4th vent-p shunt : fourth ventricle peritoneal shunt,
FMD : foramen magnum decompression

A. Hydrocephalus
Case 1

The patient was a 6-month-old boy whose head
circumference gradually expanded after birth, and
swelling of the anterior fontanelle was observed.
Congenital hydrocephalus was diagnosed and a
ventriculoperitoneal (VP) shunt was placed.

The head was fixed with a round headrest and
registration was performed (Fig. 2a), and ventricular
puncture was

performed wunder electromagne-

tic-guided neuronavigation. The ventricular catheter
tip was navigated to the central region of the left
anterior horn of the lateral ventricle (Fig. 2b). No
neuronavigation difficulties due to halation of metal
occurred throughout surgery, and favorable place-
ment of the ventricular catheter tip was confirmed by
postoperative cranial ultrasound (Fig. 2¢).

Case 2

The patient was a l-year-and-4-month-old boy
who developed headache, vomiting, and disturbance
of consciousness. Forth ventricle outlet obstruction
(FVOO) was noted on CT and an emergency fourth
ventriculoperitoneal shunt was placed. The head was
fixed with a U-shaped type head rest and registration
was performed. The ventricular catheter tip was
navigated to the center of the fourth ventricle (Fig.
3a). Halation due to the metal retractor used during
surgery occurred and interfered with navigation.
Thus, the retractor had to be removed. On postopera-
tive CT of the head, improvement of hydrocephalus
and correct placement of the ventricular catheter tip
at the position guided by navigation were confirmed
(Fig. 3b).

B. Identification of the venous sinus
Case 3
The patient was a 10-month-old girl. Fronto-orbital
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(b) (c)
Fig. 2 Case 1
(a) registration (b) navigation (¢ ) Pre-operative cranial ultrasound

Apex : Apex of ventricular catheter

Fig. 3 Case 2
(a) Intraoperative image of navigation (b) Pre-operative CT (¢ ) Post-operative CT
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Fig. 4 Case 3

(a) Identification of superior sigmoid sinus using navigation system

advancement was performed to treat craniosynosto-
sis. The head was fixed with a U-shaped type head
rest and the superior sagittal sinus was located by
navigation for osteotomy (Fig. 4a). Intraoperative
hemorrhage was minimized without damaging the
sagittal sinus, and fronto-orbital advancement as
successful (Fig. 4b). When the superior wall of the
orbit was cut using a chisel during surgery, the
AXIEMTM mobile emitter interfered with the
procedure and had to be moved.

Case 4

The patient was a 3-month-old boy with Chiari
malformation type II. Syringomyelia was noted on
MRI and was treated with foramen magnum decom-
pression. The head was fixed with a U-shaped type
head rest and placed in the supine position. His
posture was then changed to the prone position. The
transverse sinus and sigmoid sinus were located by
navigation for osteotomy (Fig. 5a), and hemorrhage
from damage to the venous sinus was minimized.
However, halation was caused by the metal retractor
and interfered with navigation, requiring removal of

(b) Fronto-Orbital advancement

the retractor.

C. Identification of the location of intracranial lesions
Case 5 and Case 6

The patients were a 6-month-old girl and 7-
month-old boy in whom medulloblastoma caused
obstructive hydrocephalus (Fig. 6a, d). Auditory brain-
stem response (ABR) and somatosensory evoked
potentials (SEP) were used for intraoperative moni-
toring, and the head was fixed with a U-shaped type
head rest for both patients. In Case 5, registration was
performed in the supine position. First, a cerebrospin-
al fluid (CSF) reservoir was placed in the left
anterior horn of the lateral ventricle, the posture was
then changed to the prone position, and tumorectomy
was performed (Fig. 6b). In Case 6, emergency CSF
reservoir placement in the left anterior horn of the
lateral ventricle was performed, and tumorectomy
was performed on the following day. Registration was
performed in the supine position and the posture was
changed to the prone position (Fig. 6e).

The depth reached was accurately identified during
surgery using navigation, which enabled total excision
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Fig. 5 Case 4
(a) Identification of transvers sinus using navigation system transvers sinus
(b) Pre-operative MRI
(c) Post-operative MRI

(d) (e) (f)
Fig. 6
Case 5
(a) Pre-operative Gd-enhanced MRI (b) navigation (¢ ) Post-operative Gd-enhanced MRI
Case 6

(d) Pre-operative Gd-enhanced MRI (e) navigation (f) Post-operative Gd-enhanced MRI
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(b)

(c)

Fig.7 Case 7
(a) navigation

(Fig. 6¢, f), but noise was generated in intraoperative
monitoring due to the magnetic field from navigation.
Thus, the navigation system had to be disconnected
during monitoring. Moreover, the metal retractor
interfered with navigation and was removed.

Case 7

The patient was a 7-month-old boy with a multiple
arachnoid cyst. The cyst expanded over the course
and was excluded from normal brain tissue, for which
cystocisternostomy was performed. The head was
fixed with a U-shaped type head rest, registration
was performed, and then rotated leftward to change
the posture to the supine-lateral position. SEP was
used as intraoperative monitoring. The cyst was
opened by craniotomy, but the multiocular form
disoriented the field of vision. This was corrected by
navigation (Fig. 7a) and the cyst was successfully
opened (Fig. 7b, ¢). As noise occurred during intraopera-
tive monitoring, navigation had to be disconnected
during monitoring.

Discussion

Neuronavigation simplifies surgical approaches,
reduces intra- and postoperative complications, and

(b) Pre-operative CT

(c) Post-operative CT

2 Application of an optical

shortens the hospital stay
navigation system requiring firm fixation of the head
with metal pins is difficult for neonates and infants
because of insufficient skull strength.

Skull fracture and accompanying liquorrhea in
children older than one year old have been reported”.
In contrast, electromagnetic-guided neuronavigation
does not require sharp head fixation and it has been
used for neurosurgery on children and neonates with

high accuracy® .

Hydrocephalus

Hermann E] et al. reported that electromagne-
tic-guided neuronavigation was useful for shunt
placement in 26 children with pediatric hydrocepha-
lus accompanied by difficult ventricular anatomy or
slit ventricle, and no shunt-related problems occurred
on the ventricular side in any patient”.

Conventional freehand ventricular catheter place-
ment may deviate from the track even in wide
ventricles, and deviated ventricular catheter place-
ment may increase the risk of shunt failure in the
long-term course”. Accurate ventricular catheter
placement is very important and no shunt-related
problems occurred on the ventricular side in either of
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the 2 patients. Freehand puncture of the 4th ventricle
is a high-risk procedure and electromagnetic-guided
neuronavigation was very useful.

Avoidance of sinus vein damage during craniotomy

The circulating blood volume in neonates and
infants is smaller than that in adults, and even a small
hemorrhage volume during surgery may cause
instability in circulatory dynamics. Damage of the
venous sinus in neurosurgery causes marked hemor-
rhage and hemostasis may be difficult. As the
craniotomy procedure for congenital anomalies in
children, craniosynostosis, includes crossing of the
superior sagittal sinus, and the torcular herophili is
low-lying in Chiari malformation type II' ', accurate
localization of the venous sinus leads to a successful
surgery. Identification of the venous sinus using
electromagnetic-guided neuronavigation may reduce
the risk of intraoperative hemorrhage in neonates and
infants, stabilize perioperative circulatory dynamics,
and shorten the operative time.

Intra-cranial mass lesion

Neuronavigation plays a major role in surgery for
brain tumors''?. Neuronavigation prevents operator
disorientation and helps with smooth progression of
surgery. It was useful in cases of medulloblastoma
with a deep lesion in the posterior cranial fossa close
to the eloquent area. In multiple-cyst lesions where
identifying the surgical field based on normal anatomy
is difficult, electromagnetic-guided neuronavigation
may function as the eyes of the operator.

Advantages and disadvantages of electromagne-
tic—guided neuronavigation

The greatest advantages of electromagnetic-guid-
ed neuronavigation are its ability for accurate
navigation even with many changes in posture in a
single registration, and the use of a U-shaped or round
headrest for fixation of the head. Disadvantages
include halation caused by metal and noise in
intraoperative monitoring.

Halation caused by metal can be managed by
changing the arrangement of surgical instruments.
Noise during intraoperative monitoring can be stopped
by disconnecting the AXIEMTM mobile emitter and
main navigation unit during monitoring to prevent
influence from the magnetic field of navigation.

Conclusion

Electromagnetic-guided  neuronavigation  was

found to increase the safety of pediatric neurosurgery
for neonates and infants for whom optical-guided
neuronavigation is not applicable because of the head
fixation requirement.
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Usefulness of 3D maxillofacial model for maxillofacial simulation
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Abstract

3D maxillofacial model is very useful for the surgeons when performing surgical simulation. In the area of
maxillofacial surgery, facial bone with complex deformity often requires precise imaging. 3D maxillofacial model is
able to provide such specific imaging prior to surgery. In this study, we examined the usefulness of the 3D
maxillofacial model using 3D-printer which is sold on the commercial basis in the maxillofacial surgery. The
patients consisted of orbital fracture, old nasal bone fracture, jaw deformity, and chronic dacryocystitis. Such 3D
maxillofacial model as orbital bone, nasal bone, zygomatic bone, maxilla and mandible were created for surgical
simulation. The result demonstrated that the simulation with the 3D maxillofacial model was found to be useful to
improve the accuracy of surgery and to shorten the operation time.
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