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Two remote ultrasound modes based on 5G ultrasound robot and expert consultation system in emergency
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[ Abstract | Objective To evaluate the preliminary application of 2 remote ultrasound modes based on 5G ultrasound
robot and expert consultation system in emergency ultrasound examination. Methods A total of 10 subjects, including
stable patients and other volunteers, in the intensive care unit (ICU) of Department of Emergency and Critical Care Medicine
of The Second Affiliated Hospital of Naval Medical University (Second Military Medical University) were enrolled in Sep.

2019. The 5G ultrasound robot (remote ultrasound mode 1) was remotely operated by an outpatient ultrasound physician
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to collect 7 standard sectional images of the subjects according to the thoracoabdominal extended focused assessment with
sonography for trauma (EFAST) examination process, and then the same sectional images were collected by an emergency
physician under the remote guidance of ultrasound expert consultation system (remote ultrasound mode 2) following the
EFAST process. The difficulty of acquiring ultrasonic images, operator satisfaction, experience score of subjects, image
quality, positive detection and missed diagnosis, and examination time under the 2 remote ultrasound modes were compared.
Results When scanning the left anterior lower chest wall and splenorenal space with the left upper abdominal longitudinal
section in supine position, the difficulty of obtaining ultrasonic images in the remote ultrasound mode 1 was significantly
higher than that in the remote ultrasound mode 2, and the operator satisfaction was significantly lower than that in the remote
ultrasound mode 2 (6.2040.79 vs 6.95+0.80, 5.9540.72 vs 6.75+0.89, P=0.049, 0.041). When scanning the right anterior
superior chest wall in supine position, the difficulty of acquiring ultrasonic images in the remote ultrasound mode 1 was
significantly lower than that in the remote ultrasound mode 2 (7.40+0.57 vs 6.60+0.70, P=0.012). The tension of subjects
in the remote ultrasound mode 1 was significantly higher than that in the remote ultrasound mode 2 (4.95+0.98 vs 3.30+0.86,
P<C0.001). There was no significant difference in the total score of image quality acquired by the 2 remote ultrasound modes
(29.90+0.51 vs 29.50+0.46, P=0.270). Among the 10 subjects, 6 had positive findings. Five were detected and 1 was
missed in the remote ultrasound mode 1; 4 were detected and 2 were missed in the remote ultrasound mode 2. The examination
time of the remote ultrasound mode 1 was significantly longer than that of the remote ultrasound mode 2 ( [8.30+0.89] min
vs [4.2040.98] min, P<<0.001). Conclusion The 2 remote ultrasound modes based on 5G ultrasound robot and expert
consultation system are valuable in the emergency clinical application of rapid thoracoabdominal ultrasound examination,
and can assist the first-line emergency physicians to quickly detect and classify injuries and provide real-time guidance on
ultrasound pre-diagnosis.
[ Key words ] 5" generation mobile communication technology; ultrasound robot; expert consultation system; remote
ultrasound; extended focused assessment with sonography for trauma
[ Acad J Naval Med Univ, 2022, 43(9): 987-992 ]
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Fig1 Remote ultrasound robot system based on 5G

A: Ultrasound robot was remotely operated by ultrasound doctors (operation terminal); B: Real-time ultrasound examination was

completed by remote ultrasonic manipulator (remote terminal).
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Fig2 Probe position of remote ultrasound robot system based on 5G and remote ultrasound image acquisition

A: EFAST ultrasound scanning site. (DUltrasound examination site of pericardial section under xiphoid process in supine position;
(@Ultrasound examination site of right anterior lower chest wall in supine position; 3 Ultrasound examination site of right axillary
midline (hepatorenal space) in supine position; @ Ultrasound examination site of left anterior lower chest wall in supine position;
(®Ultrasound examination site of left axillary midline (splenorenal space) in supine position; ®Ultrasound examination site of pelvic
section above pubic symphysis for rectouterine pouch or rectovesical pouch in supine position; (7)Ultrasound examination site of right
anterior superior chest wall in supine position; @ Ultrasound examination site of left anterior superior chest wall in supine position.
B: The emergency doctor conducted ultrasound examination under the remote guidance of ultrasound expert consultation system.

EFAST: Extended focused assessment with sonography for trauma.
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Tab 1 Difficulty of obtaining ultrasound standard section images and operator satisfaction scores in 2 remote

ultrasound modes of thoracoabdominal EFAST examination process

n=10,x*s
. Difficulty score Satisfaction score
Scanning site
Mode 1 Mode 2 Mode 1 Mode 2
Section of inferior xiphoid pericardium 4.5010.85 5.00%+0.82 5.20%£0.97 5.45+0.99
Longitudinal section of right upper abdomen in supine position 6.85+0.94  6.45+0.80 6.75+1.14  6.15+1.08
Longitudinal section of left upper abdomen in supine position 6.20+0.79 6.95+0.80° 5.95+0.72 6.75+£0.89"
Longitudinal section of left upper abdomen in right lateral position ~ 7.15+0.41 6.80+0.48 7.00+0.67 6.75+0.42
Pelvic section above pubic symphysis in supine position 4.15+0.85 3.90+0.97 4.60+0.84  4.551+0.80
Right anterior superior chest wall in supine position 7.40+0.57 6.60+0.70 6.70+0.82 6.15+0.88
Left anterior superior chest wall in supine position 7.004+0.75 6.65+0.85 6.45+0.64 6.35+0.78

Mode 1: The outpatient ultrasound physician remotely operated 5G ultrasound robot for ultrasonography and image acquisition;

Mode 2: The emergency physician performed ultrasonography and image acquisition under the remote guidance of ultrasound expert

consultation system. "P<<0.05 vs mode 1. EFAST: Extended focused assessment with sonography for trauma.
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