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Abstract

The head-mounted display (HMD) is a new image monitoring system. We developed the Personal Integrated-image
Monitoring System (PIM System) using the HMD (HMZ-T2, Sony Corporation, Tokyo, Japan) in combination with
video splitters and multiplexers as a surgical guide system for transurethral resection of the prostate (TURP). The
imaging information obtained from the cystoscope, the transurethral ultrasonography (TRUS), the video camera
attached to the HMD, and the patient’s vital signs monitor were split and integrated by the PIM System and a com-
posite image was displayed by the HMD using a four-split screen technique. Wearing the HMD, the lead surgeon and
the assistant could simultaneously and continuously monitor the same information displayed by the HMD in an er-
gonomically efficient posture. Each participant could independently rearrange the images comprising the composite
image depending on the engaging step. Two benign prostatic hyperplasia (BPH) patients underwent TURP performed
by surgeons guided with this system. In both cases, the TURP procedure was successfully performed, and their
postoperative clinical courses had no remarkable unfavorable events. During the procedure, none of the participants
experienced any HMD-wear related adverse effects or reported any discomfort.
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Introduction a navigation system for TURP has been reported [4].

Recently, new minimally invasive techniques
have been introduced to endourological procedures
[1, 2]. The introduction of such technological advanc-
es as bipolar electrodes and high-definition camera
systems have improved the results of transurethral
resection of the prostate (TURP) [3]. However, due
to possible intraoperative complications of the TURP
procedure, extreme care should be exercised to pre-
vent bleeding, perforation of the prostatic capsule,
and injury of the urethral sphincter. Using intraoper-
ative transrectal ultrasonography (TRUS) investiga-
tion to guide TURP is another way to improve the
treatment efficacy and to minimize the intraopera-
tive risks. The usefulness of intraoperative TRUS as

Furthermore, monitoring vital signs is also useful for
early identification of these possible complications.
Therefore, it would be ideal if all physicians involved
in performing TURP constantly and simultaneously
could monitor all of this information during the op-
eration.

The application of a head-mounted display (HMD)
as a new imaging monitor has been proposed for
anesthesia management and laparoscopic surgery
[5-7]. The quality of modern HMDs has been dra-
matically improved in terms of resolution, wearabil-
ity, and weight. The HMZ-T2 (Sony Corporation, To-
kyo, Japan) is a 330-g binocular HMD composed of
0.7-inch organic light-emitting diode (OLED) screens
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(resolution: 1,280 x 720 pixels) for each eye, which
provides the wearer with sharp and high-contrast
images. We have applied HMD as an imaging mon-
itor for gasless single-port radical nephrectomy [8].
The excellence of the HMD as a personal imaging
monitoring system led us to apply the HMD sys-
tem to urological endoscopic surgery. We developed
a Personal Integrated-image Monitoring System,
the PIM System, by combining video splitters and
multiplexers with the HMD system. In this system,
multiple forms of information can be seamlessly
integrated and displayed by the HMD. This system
allows multiple participants to simultaneously view
the same images. Furthermore, each participant can
independently rearrange the images comprising the
composite image displayed on his HMD depending
on the engaging step of the surgery. We present here
an introduction of the PIM System for TURP.

Case report

Two urologists (one lead surgeon and one as-
sistant) performed TURP using the PIM System in
2 BPH cases. The age and the estimated prostate
volume of the first case were 64 years and 57 g, and
those of the second case were 75 years and 68 g.
The lead surgeon and the assistant each wore an
HMD throughout the procedure. Informed consent
was obtained following a complete description of
the TURP procedure performed under the guidance
of TRUS using the PIM System, and the procedure
was carried out with the approval of our university’s
ethics committee.

Transurethral resection of the prostate was
performed using a bipolar transurethral resection
in a saline system (TURIis, Olympus, Tokyo, Japan).
The intraoperative TRUS evaluation was performed
using an ultrasound machine (HI VISION Preirus,
Hitachi-Aloka, Tokyo, Japan) and a b-mode biplane
TRUS probe (3-7 MHz; EUP-U533, Hitachi-Aloka).
The imaging information obtained from the cysto-
scope, the TRUS, the video camera attached on the
HMD (HMD-mounted camera), and the patient’s vi-
tal monitor were split using an imaging splitter (400-
VGAO003, Sanwa Supply Incorporated, Okayama,
Japan) and the composite image was output into
2 multiplexers (VPM-H1, MEDIAEDGE Corporation,
Hyogo, Japan). The images were integrated using
a four-split screen technique on the multiplexer and
were displayed on the HMDs (HMZ-T2) (Figure 1).
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Under lumbar anesthesia, the standard TURP
was performed under the TRUS guide using the PIM
System. The assistant manipulated the TRUS placed
in the patient’s rectum during all the stages of the
TURP (Photo 1).

The lead surgeon and the assistant could simul-
taneously and continuously monitor the integrated
multiple images displayed by the HMD in an ergo-
nomically efficient posture. The images displayed by
the four-split screens had enough resolution for clini-
cal application in this surgical procedure. In handling
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Figure 1. Overview of the personal integrated-
image monitoring system. Multiple input infor-
mation is split using an imaging splitter, and
integrated into one composite image using
a multiplexer. Each wearer of the head-mount-
ed display (HMD) can independently arrange
the array of the displayed images. In this figure,
each type of input information is color coded:
cystoscopy, green; transrectal ultrasonogra-
phy, (TRUS), black; vital signs monitor, blue;
HMD-mounted camera, red
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Photo 1. Photograph of transurethral resection of
the prostate being performed using the person-
al integrated-image monitoring system paired
with transrectal ultrasonography. Both the lead
surgeon and the assistant wear a head-mounted
display during all stages of the procedure

the surgical tools, the HMD wearer could use either
the view from a front-viewing camera attached to
the HMD or direct vision by moving his angle of sight
downward.

In the 2 cases we report here, the lead surgeon
opted to arrange the cystoscopic view as the main
image displayed by the HMD during the resection
of prostatic adenoma, and the assistant chose the
ultrasonography view as the main image (Photo 2).
When viewing the TRUS images, it was easy to iden-
tify the landmarks for TURP; the contour of the pros-
tate, the shape of protruding adenoma in the blad-
der and the shape of the apex were clearly visible
(Photo 2). During the resection of the prostate, the
TRUS guide enabled the surgeon to recognize the
amount of the residual adenoma and the position of
the rectum and bladder. The resectoscope hampered
the visibility of the anterior part of the prostate
(Photo 2). After the resection was finished, TRUS
investigation clearly depicted the prostatic bed
(Photo 3). Transrectal ultrasonography clearly de-
picted the resected prostatic tips in the bladder
during bladder evacuation. The operator was able to
monitor the position of the bladder evacuator, thus
avoiding accidental damage to the bladder wall. Fur-
thermore, TRUS navigated the Foley catheter to the
proper position.

In both cases, the TURP procedure was success-
fully performed, and there were no notable negative
outcomes or incidents in the postoperative course of
either patient. The resected volume was 30 g in the

646

first case and 42 g in the second case. During the
procedure, neither the lead surgeon nor the assis-
tant experienced any HMD-related adverse effects
or reported any discomfort.

Discussion

We performed an assessment of an HMD-based
personal image integrating system for its utility in
the TURP procedure. We found that this new system,
which we have called the PIM System, was both safe
and useful for performing the TURP procedure. Be-
cause both the lead surgeon and the assistant wore
an HMD, they could share the same information and
independently arrange their image arrays, depend-
ing upon their roles and steps of the surgery, and
they could do so in an ergonomically efficient man-
ner. Compared with conventional TURP performed
solely with endoscopic visual cues, TURP using the
PIM System as a surgical guide system is expected
to improve the efficiency and safety of the proce-
dure. However, we need further studies to prove the
actual benefits of this system.

This is the first study to use an HMD system in
TURP. The proposed concept in this paper is novel in
terms of the application of HMD as a personalized
surgical guide system. Because TRUS can clearly visu-
alize the prostate shape and its anatomical relation-
ship to adjacent structures, Hung et al. [9] and van
der Poel et al. [10] used TRUS investigation as a surgi-
cal navigation technique for radical prostatectomy to
identify anatomical landmarks during the surgery. In
transurethral endoscopic surgery, it is also possible to
use the rectum as a “window” to monitor the surgi-
cal field using TRUS in a simple way. Furthermore, by
using an imaging splitter, one can output the images
into multiple HMD, as many as needed, depending on
the number of participants in the surgery. In this way,
all participants, including the anesthesiologist and
even students, can share the same information with
the lead surgeon using the PIM System.

Our PIM System is composed of HMD, imaging
splitters and multiplexers. All of these components
are commercially available at low cost. In addition
to the compact size of the system, this system is at-
tractive in that it can be applied to many procedures
because one can arrange the system components
and select the input information at will, changing
the number of splitters and multiplexers, and select-
ing the input images depending on the required in-
formation.
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Photo 2. Captured image of displayed integrated image data including the cystoscopic image, the transrec-
tal ultrasonographic image, the patient’s vital signs, and the view from a head-mounted camera attached
on the head-mounted display. A — Composite image using the endoscopic image as the primary image.
B — An arrangement using the ultrasonographic image as the primary image. On transrectal ultrasonography,
the resectoscope (arrow heads) and the resection loop (white-outlined arrowheads) are clearly visible as
a hyperechoic lines. However, the resectoscope hampered the visibility of the anterior part of the prostate

In the current study, because the assistant handled
the TRUS transducer, two urologists participated in
each operation. Recently, the utility of a robotic TRUS
probe holder (R-TRUS) was reported [9]. We are now
planning to combine the R-TRUS with our PIM system
in further research. The four-split screen view of the
HMD limits the display space for each split image.
However, the high-resolution OLED HMZ-T2 display
provides the physician with high-contrast and sharp
quality images, which can overcome this limitation.
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Conclusions

Herein, we showed the utility of the PIM System
as a surgical guide system for TURP. Although fur-
ther study is needed to prove the actual benefits of
this new system, we think that the PIM System is
a promising surgical guide system for all urological
transurethral surgery, including TURP.
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Photo 3. Captured images of the displayed data in the head-mounted display worn by the lead surgeon
(A) and the assistant (B, C) during the resection of the posterior part of the prostate. On transrectal ultra-
sonography, the resectoscope (arrow heads) and the resection loop (white-outlined arrowheads) are clearly
visible as a hyperechoic lines. The resected tissue is visible as a hyperechoic signal just after the electrical
resection (arrow). After the resection was finished, the prostatic bed was clearly visible on transrectal ul-
trasonography (C)
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