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Abstract

The safety and efficacy of minimally invasive surgery relies on visual information. We aimed to develop an inte-
grated image navigation system (RoboSurgeon System) that combines head-mounted displays (HMDs) with multi-
ple image modalities, and assessed its feasibility in 5 prostate cancer patients who underwent gasless single-port
endoscopic radical prostatectomy. A robotically manipulated transrectal ultrasound (TRUS) system was used. In all
cases, preoperative magnetic resonance (MR) images and intraoperative real-time images of an endoscope, TRUS,
and HMD-mounted camera were integrated and displayed synchronously on each HMD in a four-split screen mode
during the entire process. The TRUS helped identify the boundary with the adjacent structures endoscopically in
reference to MR images. There were no negative incidents in intraoperative or postoperative courses. Integrated
image navigation using HMDs as individualized monitors is feasible in the natural ergonomic position and may be
beneficial to identify correct dissection planes. The efficacy of the RoboSurgeon System deserves further evaluation.
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Introduction

As a result of dramatic advances in surgical
equipment, robot-assisted laparoscopic surgery us-
ing the da Vinci Surgical System (Intuitive Surgical,
Sunnyvale, CA, USA) has become a popular form of
minimally invasive radical prostatectomy (RP). How-
ever, procedures in laparoscopic surgery are highly
dependent on visual information because of the
lack of tactile feedback [1]. Therefore, intraoperative
image guidance is essential to improving the effica-
cy and safety of RP. Recently, real-time transrectal
ultrasound (TRUS) evaluation during laparoscopic
RP and robot-assisted RP has been reported to be
useful for the intraoperative identification of an-
atomical structure [2-5]. Additionally, TRUS offers
real-time image registration in synchronization with

preoperative magnetic resonance imaging (MRI)
using an MRI/TRUS-fusion technique [6]. However,
when multiple imaging modalities are simultane-
ously used in endoscopic surgery, multiple display
monitors for each modality are required, and phy-
sicians have to direct and move their gaze to each.
It would be ideal if each surgeon and assistant in-
volved in the operation could constantly and simul-
taneously monitor all types of visual information
in a natural ergonomic position. A head-mounted
display (HMD) is an individualized imaging monitor
that removes the need to look at stationary over-
head or floor-standing monitors [7, 8]. Simultaneous
and synchronous monitoring of preoperative images
and intraoperative real-time images through a HMD
would provide seamless and efficient surgical navi-
gation. We have developed a novel, integrated im-
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age navigation system (RoboSurgeon System) that
combines a three-dimensional organic electrolumi-
nescent HMD unit (HMS-3000MT; Sony Corporation,
Tokyo, Japan) with various image modalities, includ-
ing endoscope, TRUS, and MRI, through interface
multiplexers.

Aim

We present the initial experience of integrated
image navigation using the RoboSurgeon System
and assess its feasibility in gasless single-port en-

doscopic RR a minimally invasive surgery via a single
port without CO, gas insufflation [9, 10].

Material and methods

This was an institutional review board-approved
study, with each patient providing informed con-
sent. Between April 2013 and August 2013, 5 men
with clinically localized prostate cancer underwent
gasless single-port endoscopic RP using the Robo-
Surgeon System and a robotically manipulated TRUS
system. All patients underwent preoperative MRI
using a 1.5-Tesla imager (Achieva; Philips, Best, The
Netherlands) [11] and intraoperative real-time TRUS.

HMS-3000MT or its prototype was used for the
HMD units, which were connected to the endoscope
system (Visera Elite and Endoeye Flex 3D; Olym-
pus Medical Science, Tokyo, Japan), the ultrasound
console (Prosound; Hitachi Aloka Medical, Tokyo, Ja-
pan), a video camera attached to the surgeon’s HMD
(HMD-mounted camera), and the electronic health
record system (Fujitsu FIR Tokyo, Japan) (Photo 1).

gle-port endoscopic radical prostatectomy using
the RoboSurgeon System. The surgeon and as-
sistants wear head-mounted displays
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MR images stored in the record system were dis-
played on the HMDs for preoperative reference. Vi-
sual information was split using the HMS-3000MT’s
built-in imaging splitter, and the composite image
was output into multiplexers (VPM-H1, MEDIAEDGE
Corporation, Hyogo, Japan). The images were inte-
grated using a four-split screen technique on the
multiplexer and were displayed on the HMDs.

At each step of the operation, the visibility of pro-
cessing objects was examined for each image modal-
ity. Intraoperative ultrasonographic evaluation of the
prostate and surrounding tissue was performed using
the robotically manipulated real-time TRUS system as
follows: with an anesthetized patient in the lithoto-
my position or the supine position with leg straddled,
a biplanar TRUS probe attached to a floor-mounted
stepping and stabilizing unit (SURE-POINT; Bard Med-
ical, Covington, GA, USA) was placed in the rectum.
The probe was moved and adjusted automatically us-
ing a brachytherapy planning system (Oncentra Pros-
tate; Nucletron, Veenendaal, the Netherlands) operat-
ed by a dedicated assistant (Photo 2).

The techniques and procedures of gasless sin-
gle-port endoscopic surgery have been presented
previously [8-10]. Briefly, a single port in the low-
er abdomen is made that is estimated to narrowly
permit extraction of the specimen, and is prepared
by placement of an Alexis wound retractor (Applied
Medical, Irvine, CA, USA). All devices, including the
endoscope, are inserted through the single port.
While maintaining the intrapelvic working space us-
ing PLES retractors (Inomedics, Tokyo, Japan), speci-
mens are removed using hand-held surgical devices
through the single port without direct hand contact.

Results

Patient characteristics are shown in Table I. In all
cases, the RoboSurgeon System, including the robotic
TRUS, could be set up within 10 min. Preoperative MR
images and intraoperative real-time images of the
endoscope, TRUS, and HMD-mounted camera were
available for each participant wearing HMDs during
the entire process. All of the images displayed in the
four-split screen mode had sufficient resolution for
clinical application in the RP procedure (Photo 3).

The surgeon usually chose the endoscopic view
as the main image of the four-split screen on the
HMD. He also used either the panoramic view from
the HMD-mounted camera or direct vision by glanc-
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and stabilizing unt
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Photo 2. Robotic transrectal ultrasound system. Inset (left, above) shows a transrectal ultrasound probe
attached to a floor-mounted stepping and stabilizing unit

ing downward. Meanwhile, assistants situationally
selected a main screen image from the endoscopic
view, the TRUS view, and others. The images from
the surgeon’s HMD-mounted camera helped assis-
tants share the surgeon’s view, and they educated
medical students on the process of the operation. In
our cases, images displayed on the four-split screen
could be chosen or arranged independently by each
surgeon or assistant using foot pedal controllers.
Robotic TRUS images of each step are shown in
Photo 4. Positive lesions on preoperative MRI were
identified on real-time biplanar TRUS through the
HMD screen. TRUS images helped identify the shape
of the prostatic apex, the boundary between the
prostate and the rectum or bladder, and the location
of seminal vesicles, with reference to preoperative
MRI. Tips of surgical instruments were identified as
hyperechoic signals. Doppler ultrasonography was
also helpful in identifying the dorsal vein complex
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and the neurovascular bundles. In our gasless RB it
was unlikely that intervening air interfered with the
visibility of TRUS images.

In all cases, the RP procedure was successfully
performed without rectal injury and operating times
were within usual limits. The TRUS probe in the rectum
did not hamper the surgical procedures in the pelvis.
There were no notable negative outcomes or incidents
in the postoperative courses. Physicians wore HMDs
throughout the surgery and experienced no HMD-re-
lated adverse effects or discomforts.

Discussion

This is the first study on integrated image nav-
igation using a HMD in RP. Our concept is novel in
terms of the application of a HMD as an individu-
alized monitor that simultaneously displays various
types of imagery. The surgeon and his assistants
could independently arrange image arrays on their
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Table I. Patient demographics with clinical and
pathological characteristics

Variable Data

Patients, n 5

Age, median (range) [years] 67 (59-70)

PSA, median (range) [ng/ml] 12.1 (4.6-16.4)

Prostate volume, median (range) [ml] 25.8 (24.3-42.8)

Clinical tumor stage, n:

Tlc 2

T2 3
Biopsy Gleason score, n:

<6 1

7 2

>8 2

Pathological tumor stage, n:

T2 5

T3 0
Pathological Gleason score, n:

<6 0

7 5

>38 0

PSA — prostate-specific antigen

HMD screens, depending on their roles. Unlike the
conventional endoscope-assisted RP the RoboSur-
geon System provides panoramic vision and multi-
screened vision as well as magnified stereoscopic
vision. Integrated image navigation using the above
visions would help with the accurate identification
of the dissection planes, suggesting the potential to
improve surgical safety and oncological and func-
tional outcomes, which are in need of further inves-
tigation. Another potential role of the RoboSurgeon
System relates to its educational use for novice phy-
sicians and medical students. Image guidance using
multi-screened vision would enhance the learning
curve of endoscopic RP [3].

Technological gains accelerate the further re-
finement of minimally invasive surgery. Recently,
the image quality of HMDs has greatly improved,
and their size has been reduced to a portable for-
mat [7, 12, 13]. The HMD of HMS-3000MT weighs
490 g and offers a resolution of 1,280 x 720 pixels,
which is sufficient for most medical purposes [14,
15]. However, the RoboSurgeon System has room for
improvement. In the current study, the surgery was
performed in coordination with a robotic-TRUS op-
erator. Remote-control devices would enable a sur-

Photo 3. Four-split screen on the head-mounted display. Multiple integrated images are displayed simultan

e

eously

and synchronously. Endoscopic view is monitored as the main image. Transrectal ultrasound image, head-mount-
ed display-mounted camera view, and preoperative magnetic resonance image are monitored as sub-images
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Photo 4. Real-time images of transrectal ultrasonography. A — The dorsal vein complex and the prostatic
apex (sagittal view). B — The dorsal vein complex and the prostatic apex (transverse view). C — Position-
al awareness of the neurovascular bundles to preserve erectile function. D — Identification of the plane
between posterior bladder neck and seminal vesicles. A scissors tip is identified as a hyperechoic signal
(arrow). E — Release of Denonvilliers’ fascia (arrowheads) from the rectum. F — Division site of the urethra
as close to the prostatic apex as possible to avoid excising excessive amounts of the striated sphincter.
A scissors tip is identified as a hyperechoic signal (arrow)

Apex — prostatic apex, DVC — dorsal vein complex, NVB — neurovascular bundle, Pro — prostate, Rec — rectum, SV — seminal vesicle, Ure — urethra

geon himself to manipulate the robotic TRUS in the
same way as image arrays on the HMD screen can
be arranged using a foot pedal controller [4, 5].
Among the present case series, one patient un-
derwent gasless single-port endoscopic RP using
a robotic endoscope holder (Aerovision; Skynet,
Tokyo, Japan) that was driven by pneumatic actua-
tors and synchronously tracked the surgeon’s head
movement with the sensor on the HMD (Photo 5)
[16]. This robotic holder eliminates the need for an
assistant who holds the endoscope and might expe-
rience hand tremor. Thus, the RoboSurgeon System
is a developing but promising surgical guide system.
Compared to the da Vinci Surgical System, which
requires space for a bulky console, expensive equip-
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ment, and running costs [17], our RoboSurgeon Sys-
tem is compact and easy to affordably introduce in
various types of endoscopic surgery.

This study has several limitations, including the
small sample size and the lack of a control arm. Al-
though further study is needed to prove the actual
benefits of the RoboSurgeon System, our experience
suggests the clinical application of this system as
a surgical image navigation unit for minimally inva-
sive RP.

Conclusions

We have developed a novel HMD-based im-
age-integrating system and introduced it into RP.
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Photo 5. A robotic endoscope holder synchro-
nously tracked the surgeon’s head movement
with the sensor on the head-mounted display

This compact system enabled individualized image
navigation for each participant. The usefulness of
this system deserves further evaluation in various
types of minimally invasive endoscopic surgery.
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