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Background and Objectives: Three-dimensional (3D) imaging is gaining popularity and has been partially used in robotic
surgery but not in sinonasal surgery owing to technical problems. This is not only the first pilot study to evaluate the usefulness
of newly-developed ‘twin lens” HD-3D endoscope (Machida), but also the first clinical study to compare this instrument with
the pre-existing ‘insect eye’ 3D endoscope (Visionsense).

Materials and Method: A total of 45 surgeries for cerebrospinal fluid leakage, angiofibroma, or sinonasal malignancy were
performed using a 3D endoscope between November 2011 and October 2013 (“insect eye’ Visionsense VSII 3D: 29 cases, ‘twin
lens’ Machida HD-3D: 16 cases).

Results: Depth perception and recognition of anatomical structures were all excellent in the two 3D methods. The ‘twin lens’
HD-3D endoscope provided better image resolution and naturalness of color and showed less unfavorable phenomena such as
image blurring and blackout than the ‘insect eye’ 3D endoscope.

Conclusion: If the technical limitations are solved, the 3D endoscope will be used as a substitute and a standard tool in endo-
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scopic sinonasal surgery rather than as supplement to the two-dimensional (2D) endoscope in the near future.

KEY WORDS: Three-dimensional image - Endoscope - Sinusitis - Paranasal sinus neoplasms.

INTRODUCTION

The first endoscopic sinus surgery was introduced by
Messerklinger and Wigand in the 1970’s."” Endoscopic
sinonasal surgery can have excellent access to the depth of
the paranasal sinuses with minimal morbidity and without
external scar. As the development of endoscopic system
enabled high definition and better view, the area is being
expanded up to the skull base in recent year.”® The image
which conventional two-dimensional (2D) endoscope im-
plements on the display monitor has problems with the per-
ception of distance or space, i.e., the lack of depth.”” This

monocular vision could only indirectly predict the depth
with clues given by the relative size, color, movement and
tactile sense, which can cause the mismatch between actu-
al anatomic location and the depth perception on display.
Whereas human eyes are the binocular vision, can recog-
nize the minute differences in the visual cortex, and enable
stereoscopic vision by processing the differences.”

In order to realize this binocular vision, the endoscope
was made of twin lens, and already three-dimensional
(3D) imaging technique is widely being used in the lapa-
roscopic surgery or the robotic surgery, and its usefulness
has been reported.'”"” However, there were many techni-
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cal difficulties in endonasal surgery because 3D technolo-
gy should be implemented in the endoscope with small di-
ameter. A few years ago, 3D endoscope with 4mm diameter
using the arthropod eye mechanism (‘insect eye’ technique)
was developed. Its area is gradually being expanded to the
skull base and sinonasal surgery, and some studies on the
usefulness of 3D endoscope for the endonasal surgery have
been reported.”"? All these studies used the “insect eye’ 3D
endoscope through an endonasal approach. Recently High-
Definition (HD) 3D endoscope (Machida, Co, Ltd.) using
the ‘twin lens’ in the same way as the human eyes with a re-
duced diameter was introduced. But there was no clinical
study of this novel endoscope, and no comparative study
with the ‘insect eye’ technique was reported in the clinical
and laboratory field.

In this study, these two 3D endoscope instruments were
used for endoscopic sinonasal surgery targeting actual pa-
tients. The purpose of this study is to examine the clinical
data of this surgery, the pros and cons of the two endoscope

instruments, and the current limitation of the 3D endoscope

B |

developed so far.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board
of Yonsei University College of Medicine (4-2011-0317).

The subjects of this study were 44 patients who have un-
dergone a surgical operation of a sinonasal area by 3D en-
doscope in Severance Hospital from November 2011 to Oc-
tober 2013. Among them, 28 patients have undergone surgery
by ‘insect eye’ 3D endoscope (Visionsense), and 16 patients
have undergone surgery by ‘twin lens’ HD-3D endoscope
(Machida).

In the 3D visualization via ‘insect eye’ endoscope and
single video chip equipment, 4mm 0-degree and 30-degree
rigid endoscopes (Visionsense stereoscopic system, Orange-
burg, NY), the light emitting diode (LED) light source, and
the 32 inch high-resolution display monitor with 1,360 X
768 pixels were used. The exclusive monitor and polar-
ized glasses should be used owing to the characteristics of

Fig. 1. Visionsense ‘insect eye’ VSII video tower combining with 32" high-resolution display monitor and 3D imaging processing unit
(A1). 4-mm 0°, 30° 3D endoscope and cable with LED light source (A2). 40" high-definition display monitor (Sony, Tokyo, Japan), Ma-
chida ‘twin lens' 3D video camera unit and 3D converter (B1). 4.7-mm 0° 3D endoscope consisting of twin-lens (B2). 0°, 30° 3D endo-

scope and xenon light cable (B3).

Table 1. Specification comparison of 3D endoscopes

VSl 3D Endoscope
(Visionsense, Orangeburg, NY)

Machida HD-3D Endoscope
(Machida, Tokyo, Japan)

Mechanism array of lenses)
Light source LED

Endoscope diameter 4 mm

Angled endoscope 0°, 30°

Display monitor

Polarizing glasses Exclusive

‘Insect eye’ 3D (Single chip video camera, microscopic

Exclusive (32" high-resolution monitor, 1360 x 768 pixels)

‘Twin lens’ HD-3D (Dual chip video
camera, twin lens)

Xenon

4.7 mm

0°, 30°

Various (compatible)
Various (compatible)
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the ‘insect eye’ 3D implementation. On the other hand, in
the 3D visualization via ‘twin lens’ and dual video chip
equipment, 4.7 mm 0-degree and 30-degree endoscopes
(twin lens HD-3D stereoscopic system, Machida, Tokyo,
Japan), and xenon light source were used. The display mon-
itor and the polarizing glasses can be compatible with oth-
er equipments of various companies because this ‘twin lens’
binocular 3D implementation method is the same as that
currently used in other fields (Fig. 1, Table 1). In all cases,
3D endoscope was used. 2D HD endoscopic system (0—,
30—, 70-degree rigid endoscopes, Karl Stortz Endoscopy
America Inc., CA, USA) was used together only in the part
of limitation of 3D image. The image was displayed on a
23-inch HD monitor with 1,920 % 1,080 pixels.

The surgery was performed by one senior surgeon (C.-H.
Kim), and the following variables or the subjective param-

eters were evaluated by the surgeon and two observing
physician: depth perception, endoscopic orientation, impact
on potential complications, image resolution, naturalness
of color, over-magnification, brightness, blurred image when
blood soiled, blackout by reflected light on the surface of
metal instruments.

The patient data including diagnosis, radiologic findings,
operation procedures, endoscope adaptation times and op-
eration times were investigated and collected. The opera-
tion strategy was examined in details such as use of navi-
gation system and reason of accompanying 2D endoscope.

RESULTS

In the case with the ‘insect eye’ 3D endoscope, 23 male
and 6 female patients were enrolled and their median age

Table 3. Patients’ demographic and procedural details for ‘twin lens’ Machida HD-3D endoscope

1 F/52 Mucopyocele (R) Sphenoid sinus Sphenoidotomy 3D 30
anterolateral walll
dehiscence
2 M/51 Sinonasal malignant - Endoscopic mass excision, 3D 50
melanoma (L) Endoscopic sinus surgery
3 F/18 Chronic sinusitis (B) - Endoscopic sinus surgery, 3D 80
Septoplasty
4 M/79 Inverted papilloma (L) Ethmoid sinus origin Endoscopic sinus surgery 3D+2D 50
5 F/23 Mucocele (L) Petrous apex origin Endoscopic marsupialization 3D+Navi 470 (w/
Tympano.)
6 M/60 Chronic sinusitis (B) - Endoscopic sinus surgery, 3D 80
Septoplasty
7 F/35 Chronic sinusitis (B) - Endoscopic sinus surgery, 3D 60
Septoplasty
8 M/45 Chronic sinusitis (R) - Endoscopic sinus surgery, 3D 70
Septoplasty
9 M/36 Petrous meningioma (L) Temporo-petrous-sphenoid Endoscopic mass excision, 3D 930 (w/NS)
sinus Mmass Endoscopic sinus surgery
10 M/53 Recurred inverted Lamina papyracea origin - Endoscopic mass excision, 3D 120 (W/SRP)
papiloma (L) Endoscopic sinus surgery,
Septorhinoplasty
11 M/36 Nasal cavity - Mass excision via endoscopic 3D 80 (w/canine
Myofibroblastic approach and canine fossa fossa app.)
Sarcoma (R) approach
12 M/26 Foreign body materials Fibrous calcification Endoscopic mass excision 3D+Navi 110
in retromaxillary area (R)
13 M/37 Chronic sinusitis (L) Type 4 frontal cell Endoscopic sinus surgery, 3D+2D 80
Septoplasty
14 M/80 Nasal cavity cancer (L) Maxillary sinus origin, Endoscopic mass excision, 3D 150 (W/MM)
(SCCO) Stage T3 Medial maxillectomy via MFDA
15 F/36 Mucocele (L) Frontal sinus origin Endoscopic sinus surgery 3D 30
16 M/53 NK-T cell ymphoma Endoscopic biopsy 3D 50

Tympano: tympanoplasty, NS: neurosurgery department
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was 54 years old. For the ‘twin lens’ HD-3D endoscope, 11
male and 5 female patients, with the median age 41 years
old were enrolled. The disease categorization of patients
was varied, including chronic sinusitis, cerebrospinal fluid
(CSF) leak, mucocele, and tumor. No intraoperative or post-
operative complications were observed in patients of this
study. The patients’ data and results were described in Ta-
ble 2 and 3. Some operations were accompanied with 2D
endoscope because of blurred vision, overmagnification,
the absence of high-angled endoscope, and the frequent
blood soling of endoscope lens. The reasons for the switch
from 3D to 2D endoscope in each 3D endoscopic system
were described in Table 4.

According to the subjective opinions of the surgeon and
observing physicians, the 3D endoscopic images of two
methods were compared with the image by qualitative pa-
rameters in intraoperative stage (Table 5). The depth per-
ceptions of two methods were all excellent. The diameter
of ‘insect eye’ 3D endoscope was somewhat smaller (4
mm) than that of ‘twin lens’ HD-3D endoscope (4.7 mm).
In the case of the brightness, the ‘insect eye’ 3D endoscope
with LED was a little bit brighter compared to twin lens
HD-3D endoscope. The ‘insect eye’ 3D endoscopic imag-
es showed brighter, more florescent blood color, ultimately

Table 4. Causes of switch from 3D to 2D endoscope

yielding a slightly less natural color than the ‘twin lens’ 3D
endoscopic image. Overmagnification was also more pro-
nounced in the ‘insect eye’ 3D endoscopic image, whereas
the image resolution was more superior in the ‘twin lens’
HD-3D endoscope (Fig. 2). The ‘twin lens’ HD-3D endo-
scope showed less unfavorable phenomenon such as blur-
ring of the image when soiled with blood and the blackout
by reflected light than the ‘insect eye’ 3D endoscope. Ulti-
mately it made more comfortable for the surgeon during
the surgery, but it was not enough to have a significant ef-
fect on the operative outcomes.

DISCUSSION

Synopsis of key findings; comparisons with other
studies

In sinonasal surgery, the first element enabling precise
surgery while reducing the mortality and complications of
a patient is to obtain the wide, high-resolution, stereoscop-
ic view. It can be easily said that one of the most important
things in minimal invasive surgery is the development of
the endoscope. Currently, the 2D endoscope, which has a
small diameter and yield images of high-definition, has
been used as a standard in sinonasal surgery. However, be-

‘Insect eye’ VS Il 3D patients

Causes

1 Overmagnification, Blurred vision when blood soiled

3 Not enough high-angled view (for frontal sinus view)
6 Blurred vision when blood soiled
10 Not enough high-angled view (for frontal sinus view)
18 Overmagnification, Not enough high-angled view
23 Overmagnification, Blurred vision when blood soiled
25 Not enough maxillary sinus view (for inverted papilloma)
‘Twin lens’ machida HD-3D patients Causes
4 Not enough maxillary sinus view (for inverted papilloma)
5 Not enough high-angled view (for type 4 frontal cell)
Table 5. Comparison of qualitative assessments for 3D endoscopes
‘Insect eye’ 3D (visionsense VSII) ‘Twin Lens’ HD-3D (machida)
Endoscope diameter Smaller (4 mm) 4.7 mm
Depth perception Similar
Image resolution Superior
Naturalness of color Superior
Overmagnification Superior
Blurred image when blood soiled Superior
Blackout by reflected light Superior

Brightness

Superior
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Fig. 2. Left ethmoid sinus view in 2 different patients with ‘insect eye’ 3D endoscope (Visionsense) (A) and ‘twin lens’ HD-3D endo-
scope (Machida) (B). Reconstructed right (A1) and left (A2) images using single video chip. Separate, independent right (B1) and
left (B2) images using twin lens and dual video chip.

cause of the limitation of its monocular vision, the relation-
ship with surrounding anatomical structures and the tactile
sense had be used for the spatial perception.”” As various
techniques enabling the 3D view in a flat screen were re-
cently developed, the 3D endoscope is now being actively
used in robotic surgery and laparoscopic surgery, and the
advantages has been already proven through various liter-
atures and experiences.'”"” The development of endoscope
for sinonasal cavity has various technical difficulties, and
because its diameter should be small, the main 3D endo-
scopic mechanism used in the endoscopic skull base and
sinonasal surgery was to use ‘insect eye’ technique. Very
recently, however, the ‘twin lens’ HD-3D endoscope yield-
ing binocular vision like human eyes was developed. It uses
twin lens and dual video chip, and it can be adapted in the
operation of sinonasal cavity because its diameter is only
4.7 mm.

In this study, the stereoscopic views in the two methods
above were both excellent, and both had facilitated depth
perception in comparison with our previous 2D endoscop-
ic surgery experience. In the 3D endoscope by the two
methods, however, there still are technical limitations,
such as the absence of high-angled endoscope (45- and
70-degree), the visual orientation distortion when rotating
the endoscope (ex. view of maxillary sinus natural osti-
um), the slight color distortion, the lower quality of sharp-
ness and contrast in display than HD-2D, and the easily
blurred vision when soiled by blood. Therefore, the cur-
rent 3D endoscope still has more inferior points than 2D-
HD endoscope in some aspects. For example, overmagni-
fication in ‘insect eye’ 3D endoscope, which brings 52%
loss of field of view compared to 2D, have been report-
ed.'” Soiling phenomenon leading to longer bleeding con-
trol time, and ultimately leads to longer operation time. An
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adaptation time (60—90 seconds) is necessary for the sur-
geon’s eyes to adapt to the polarizing glasses after wearing
it, and the slight physical discomfort (eye strain, headache
and dizziness) can also occur. In addition, the image quali-
ty is low in the corner of the displays, and it can vary with
the operator’s position or distance. Because current 3D en-
doscope has these limitations, as yet it should be used in
conjunction with HD-2D endoscope. Consequently the sec-
ondary disadvantages, i.e., the time for changing the in-
struments, the adaptation time, cost and space, are also oc-
curred. In some studies, it has been reported that the novices
prefer more 3D system and the learning curve is reduced,
but these two studies were researches in the laboratory field
rather than clinical research involving actual patients.""”
In fact, the 3D system might be more difficult to novices
in the operation field of the actual patients because of these
limitations, such as the blurring when blood soiled, overma-
gnification, and the absence of high-angled endoscope.

Although there are no significant differences according
to the subjective opinions of the user and observers, ‘twin
lens” HD-3D endoscope does have superior image resolu-
tion compared with the ‘insect eye’ 3D endoscope. In ad-
dition, the overmagnification and blurring of images due
to soiling with blood, and the blackout by reflected light
were reduced. Especially, the phenomenon, such as the
blurred image when blood soiled, and the blackout by re-
flected light is the problems due to the complex image pro-
cessing process that occurs in recombining multiple imag-
es to right and left view in the ‘insect eye’ 3D technique.
Therefore, it is considered that these phenomenon occurred
less in the ‘twin lens” HD-3D endoscope, which has a more
direct and simple stereoscopic mechanism. There was one
report that the ‘insect eye’ 3D endoscope had no color dis-
tortion.'” However, in this study, when comparing the real
blood color, in the case of ‘insect eye’ 3D endoscope, slight
color distortion was observed. Its color was brighter than
HD-2D and ‘twin lens’ HD-3D endoscopes, and the dis-
tortion into fluorescent color was identified (Fig. 2).

In our study, because of the heterogenous cases, the ob-
jective comparison of operation time between 3D and 2D
endoscope was impractical. When comparing the opera-
tion time of the unilateral fungal sinusitis cases, which has
comparatively uniform procedures and disease status,
there was no significant difference (Table 2 and 3). Judg-
ing from these experiences, 3D endoscopic sinonasal sur-
gery can require more time than 2D when the aforemen-

tioned disadvantages (blood soiling vision, etc.) of the 3D
endoscope occur. However, it can also be conjectured that
the operating time can be shortened in the surgeries of the
more dangerous areas, in which the meticulous operation
is required.

Strength and weakness of the study

The comparison using two kinds of endoscopes was not
conducted in the same case, and the image quality was eval-
uated by subjective opinions of a surgeon and observers.
However, this is a study in the clinical setting using 3D en-
doscope in the sinonasal area with the largest sample size,
and is also significant in being the first study that compares
‘twin lens’HD-3D endoscope with conventional ‘insect eye’
3D endoscope. It will be able to help for the further tech-
nical development of 3D endoscope in the future.

Clinical applicability of the study

Until now, several papers have reported that the 3D endo-
scope has the advantage of facilitated depth perception in
complex and dangerous area, such as the skull base.””'®"”
However, it is not widely used because of the aforemen-
tioned current technical problems. If these subordinate
limitations are solved, the 3D endoscope will be used and
developed as a substitute and a standard tool beyond the
supplement of 2D endoscope in the conventional endo-
scopic sinus surgery as well as in the cases with complex

and dangerous anatomical structure.
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