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We developed novel 3D imaging system which enables real-time visualization
of graft anastomotic morphology during CABG procedure. This system consists of a high-frequency
epicardial ultrasound (ECUS) equipment and an electromagnetic position-tracking sensor.

Following in vitro assessment of graft anastomosis using vessel phantom and extracted porcine heart
model, in vitro assessment using living pig heart model was performed. 2D echo images obtained by
ECUS and 3D position sensor information were simultaneously transferred to the 3D analyzing system.
By integrating geo-tagged 2D ECUS images, 3D images could be reconstructed in real time. The
obtained 3D images enabled morphological assessment of luminal structure of coronary anastomosis
from any reguired angle or cross section, with satisfactory quality. With further improvement of
precision of positional sensor, this system would be clinically applicable as useful tool for
intraoperative graft evaluation in CABG.



CABG
OPCAB  OFf-pump CABG

2010 European Society of Cardiology(ESC) European Association for
Cardiothoracic Surgery(EACTS)
(Transit Time Flowmetry; TTFM)
ICG indocyanine green

Imaging Flowmetry
TTFM High-Resolution Epicardial Ultrasound;
HR-ECUS VeriQ C, MediStim ASA,
TTFM
Watanabe T, Arai H, et al. Circulation 2014;129:e513-5 VeriQ C
PI(Pulsatility Index) TTFM
15MHz
2D 1
OPCAB
CABG HR-ECUS
3D
HR-ECUS
B-mode 2D
CABG
HR-ECUS
VeriQC
HR-ECUS CABG
VeriQC
Phantom evaluation, in vitro study in vivo study
(¢)) 3D
HR-ECUS 8mm x 22mm X 12mm 6 6DOF
3D Guidance trakSTAR, Ascension Technology Corp.
Model 800, 8mm x 20mm x 8mm
PC
HR-ECUS 2D B-mode 30fps
DVI2PCle, Epiphan Systems Inc.
PLUS toolkit http://plustoolkit.github.io/ HR-ECUS
HR-ECUS

3D Slicer http://www._slicer.org/ Slicer
IGT http://www.slicerigt.org/
HR-ECUS 2D 1



3DG Sensor
VeriQC Probe

A s emV

Ultrasound Image

3D Volume

=V
1
B

Electromagnetic Sensor
(3D Guidance trakSTAR™)

HR-ECUS

. Alignment - ey ((VeriQTM Q
endering
)) Toolkit for Ultrasound lmagequ-El‘aslc:'c)nng pata
I Imaging Research
- (Plus toolkit) USB Connection
3DImage Workstatlon
-.9 soslieeEytractor =
(3D Slicer)
1
@
(©))
3mmx 110mm
HR-ECUS 3D
HR-ECUS
HR-ECUS
HR-ECUS
PC
) in vitro
250-350g
Diamond
HR-ECUS 3D
©) in vivo
LW 80kg
3D
HR-ECUS
3D
3D
3D
@ 3D HR-ECUS
HR-ECUS 1280x1024 1600x1200
PLUS Toolkit
3D HR-ECUS
3D Slicer
3D Slicer 3D

HR-ECUS



HR-ECUS

1 3mm
@
10cm
3 5mm

X=20 66cm, Y= 28cm, Z=+ 30cm

©)
3mm 110mm 3D
0.3mm 4mm 3D
3D
(O)) in vitro
Diamond
HR-ECUS
3D
3D 2
3D
Slicer HR-ECUS
3D
Coronary
Coronary
Eri L e I Ry
2 3D . ( )
©) in vivo
in vivo
HR-ECUS 3D
9
3D , 58
, 2019 6 7 ,

Oishi K, Ohuchi K, Mizuno T, Fujiwara T, Arai H: Realtime three dimensional imaging
of coronary artery bypass grafting using High-frequency Epicardial Ultrasound,
ISMICS annual scientific meeting, New York, USA, 29 May-1 June, 2019



€y
@

48
, 2018 2 19 ,

Arai H: Intra-operative Ultrasonic Quality Assessment and Surgical Guidance to
Improve CABG Outcomes. 23™ PATACSI Annual Convention, Manila, Philippine, 2 Dec 2017
Arai H: Intraoperative Ultrasonic Quality Assessment and Surgical Guidance to Improve
Outcomes after CABG. The 16™ Annual Meeting of Taiwan Association of Thoracic &
Cardiovascular Surgery, Taipei, Taiwan, 28 Oct 2017
Arai H: Impact of Intraoperative Imaging during Cardiac surgery using High Frequency
Epicardial Ultrasound. The Euro-Asian Bridge Society 13" International Meeting on
Cardiac Surgery, lasi, Romania, 22 Sep 2017
Arai H: Non-invasive quantification of blood flow in epicardial coronary arteries,
coronary artery graft and anastomosis - Can this change graft patency in minimally
invasive CABG? 2™ Annual Conference of Society of Minimally Invasive Cardiovascular
and Thoracic Surgeons of India, Janiper, India 10 Sep 2017
Arai H: High Frequency Ultrasound Interrogation of Anastomoses. 2017 International
Coronary Congress, New York, USA, 19 Aug 2017
Arai H: Ultrasonic Intraoperative Surgical Guidance and Quality Assessment to improve
outcomes after CABG. The 25" Annual Meeting of the Asian Society for Cardiovascular
and Thoracic Surgery, Seoul, Korea, 23 Mar 2017

(OISHI, Kiyotoshi)

(OHUCHI, Katsuhiro)

(MIZUNO, Tomohiro)

(FUJIWARA, Tatsuki)



