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Abstract
Aim: This study aimed to examine the feasibility and potential benefits of an optical see-through head-
mounted display (OST-HMD) during real-time ultrasound-guided thoracentesis simulations. Material 
and methods: Six physicians performed a thoracentesis simulation using an OST-HMD and a wireless 
image transmission system. The time required, puncture needle visibility, pleural fluid collection success 
rate, and head movement during the procedure using a smart glass equipped with an inertial measurement 
unit were all recorded and compared with and without the HMD. Results: Study participants successfully 
extracted effusions in all procedures. The use of OST-HMD did not significantly affect the time of the pro-
cedure, but notably decreased the horizontal and vertical head movements during the procedure. Conclu-
sions: The study demonstrated the feasibility of using an OST-HMD in a simulated real-time ultrasound-
guided thoracentesis procedure and showed the potential of HMD in thoracentesis to improve ergonomics 
and accuracy. Further research is necessary to confirm these findings.
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Introduction

Thoracentesis is a percutaneous procedure where pleural fluid is 
removed either through a needle or a small-bore catheter to deter-
mine the cause of effusion and relieve respective symptoms, such 
as dyspnea. Pneumothorax, procedure failure, and hemorrhage are 
among the potential complications of thoracentesis. Ultrasound 
helps to identify organs and pleural fluid, which determines the ap-
propriate puncture site. Ultrasound-guided pleural aspiration has 
been associated with a lower rate of procedure failure and complica-
tions. The complication rate of pneumothorax during thoracentesis 
is reported to be 5.7%–15% without ultrasound and 2.7%–3.6% with 
ultrasound(1). Ultrasound is used in thoracentesis either by marking 
the ultrasonically determined puncture site in advance or by ultra-
sound-guided puncture in real time. Several studies have revealed 
fewer pneumothorax complications in real-time ultrasound-guided 
thoracentesis than in ultrasound-marked procedure(2,3). Therefore, 
the British Thoracic Society guideline strongly recommends thorac-
ic ultrasound guidance for all pleural procedures for pleural fluid(1). 
A physician must alternate between looking at the puncture site and 
the ultrasound display at a distance when performing the puncture 

while referring to the ultrasound image in real time, and it could 
potentially influence the physician’s performance and safety of the 
procedure. The optical see-through head-mounted display (OST-
HMD) allows the physician to view images on a monitor in front 
of him or her, while keeping both hands free, which is a promising 
solution that allows simultaneous viewing of the procedure site and 
ultrasound images(4). However, there have been no reports exam-
ining the usefulness of HMDs in ultrasound-guided thoracentesis. 
Therefore, this study aimed to investigate the feasibility and poten-
tial benefits of OST-HMD in real-time ultrasound-guided thoracen-
tesis simulation.

Methods

HMD device system and ultrasound equipment

An HMD, Moverio BT-35E (Seiko Epson Corp., Nagano, Japan), 
and a wireless imaging transmission system, GV-200 (Inbyte Co., 
ltd, Tokyo, Japan), were used for the thoracentesis simulation (Sup-
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plementary Fig.  S1). Moverio BT-35E is a binocular, see-through 
HMD, primarily used as an external device display. It generates im-
ages with a size equivalent to a 40-inch display at a virtual viewing 
distance of 2.5 meters. The echograph output is wirelessly transmit-
ted by the GV-200 system, and the OST-HMD displays the received 
image. The communication delay of the GV-200 is approximately 
0.07 s. Versana Balance echograph equipped with a 2–5 MHz con-
vex array probe (GE Healthcare, Chicago, IL, USA) was used for the 
thoracentesis procedure. JINS MEME smart glasses (Jins Inc., To-
kyo, Japan) equipped with a 6-axis inertial measurement unit, accel-
erometer, and gyroscope were used to measure head movements(5). 
Data obtained with JINS MEME were transferred to the computer 
via Bluetooth and exported to a CSV file.

Thoracentesis simulation using a training model

Six physicians, each with a different experience in thoracentesis, 
participated in the simulation. The institutional review board ap-
proved this study (Approval No. 2022-0234). All participating phy-
sicians gave their signed informed consent for the study. Each par-
ticipant performed thoracentesis four times in total, twice with and 
without the HMD, respectively, using a thoracentesis training model 
(Limbs & Things Ltd., Bristol, United Kingdom) (Fig. 1 A and B). 
The physicians wearing the OST-HMD could view the procedural 
site and their hands below the ultrasound image projected on the 
virtual screen. This could be done either with or without using the 
flip-up shades, as shown in Fig. 1 C and D. The time required, punc-

Fig. 1.  Real-time ultrasound-guided thoracentesis simulation using Moverio BT-35E and JINS MEME Glasses. A. The procedure refers to the standard ultrasound 
image display. B. The procedure refers to Moverio BT-35, showing a virtual inset image of the ultrasound screen. C, D. Virtual image of operator’s visual-
ization while wearing Moverio BT-35E, with (C) and without (D) flip-up shades. The red arrow indicates the location of the needle used for thoracentesis
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ture needle visibility, and pleural fluid extraction success rate were 
recorded for each procedure. Additionally, JINS MEME Glasses, 
which can be worn simultaneously with the OST-HMD, were worn 
to measure head movements during all procedures.

Statistical analysis 

Variables with and without HMDs were compared using the Wil-
coxon signed-rank test. A p-value of <0.05 was considered statis-
tically significant. All statistical calculations were performed using 
JMP Pro v16.1.0 (SAS Institute Inc.).

Results

Participants successfully extracted effusions regardless of HMD 
used in all procedures. The needle was visible in all but one case 
each in the HMD and control groups. The procedure time was not 
significantly different with and without HMD (72 s and 68 s, respec-
tively, p = 0.719).

The median horizontal and vertical head movements without HMD 
were 25 times/min (range: 7–47) and 14 times/min (range: 1–42), re-
spectively. These were significantly reduced to 1.5 times/min (range: 
0–8) and 3.5 times/min (range: 0–9) with HMD (p = 0.0005, and p = 
0.002) (Fig. 2). No participant interrupted the procedure or reported 
any symptoms of discomfort associated with wearing the OST-HMD 
or adverse events such as vertigo or nausea during the procedure.

Discussion

To our best knowledge, this is the first report proposing OST-HMD 
application for image reference during real-time ultrasound-guided 
thoracentesis. A review of surgical HMD applications demonstrated 
image guidance and augmented reality as the most frequently re-
ported HMD applications, with see-through HMDs, such as Move-
rio BT-35E, being the most frequently reported surgery-related 
application(6). In a previous study, we also simulated and reported 
on the feasibility of using Moverio BT-35E for image reference pur-
poses during flexible bronchoscopy(7). 

Previous studies have demonstrated a significant reduction in head 
movements with an OST-HMD during real-time ultrasound-guided 
aspiration in the neck region(8), and found that OST-HMD used dur-
ing ultrasound-guided breast tumor puncture simulation for medi-
cal students reduces the time to puncture and stress on the partici-
pants(9). In this study, detailed head movement data was collected 
using motion-sensor-equipped smart glasses, and it was confirmed 
that the use of the HMD significantly reduced vertical and horizontal 
head movements in real-time ultrasound-guided thoracentesis sim-
ulation. Reduced head movements in our HMD group indicate the 
potential of the device to minimize physical strain and improve the 
procedure’s ergonomic aspects. Additionally, less head movement 
may reduce the risk of an unsteady hand and subsequent procedure 
inaccuracy, which is a concept warranting future investigation. 

The exploratory nature of this study and small sample size neces-
sitate cautious interpretation. Future studies should aim for a bigger 

Fig. 2.  Box-and-whisker plots comparing the median values of head movements (horizontal and vertical) in times per minute for two groups: with and without 
a head-mounted display
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sample size and a diverse range of practitioners, from novice to ex-
perienced. Moreover, this approach would be best evaluated in real-
world clinical settings with actual patients.

In conclusion, this proof-of-concept study has demonstrated the 
feasibility of using an OST-HMD in simulated real-time ultrasound-
guided thoracentesis procedures. HMD potentially helps reduce 
complications associated with thoracentesis by facilitating focused 
attention on the procedure site. However, further research is needed 
to validate these findings in a broader context and assess the effect 
of the technique on patient outcomes. 
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