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Ultrasound-optical imaging-based multimodal imaging
technology for biomedical applications
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ABSTRACT: This study explores recent research trends and potential applications of ultrasound optical
imaging-based multimodal technology. Ultrasound imaging has been widely utilized in medical diagnostics due
to its real-time capability and relative safety. However, the drawback of low resolution in ultrasound imaging has
prompted active research on multimodal imaging techniques that combine ultrasound with other imaging
modalities to enhance diagnostic accuracy. In particular, ultrasound optical imaging-based multimodal
technology enables the utilization of each modality's advantages while compensating for their limitations, offering
a means to improve the accuracy of the diagnosis. Various forms of multimodal imaging techniques have been
proposed, including the fusion of optical coherence tomography, photoacoustic, fluorescence, fluorescence
lifetime, and spectral technology with ultrasound. This study investigates recent research trends in ultrasound
optical imaging-based multimodal technology, and its potential applications are demonstrated in the biomedical
field. The ultrasound optical imaging-based multimodal technology provides insights into the progress of
integrating ultrasound and optical technologies, laying the foundation for novel approaches to enhance diagnostic
accuracy in the biomedical domain.
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Table 1. Recent ultrasound—optical—based multimodal imaging technologies for biomedical applications.

Reference Fused op Flcal Applications Remarks
modalities
Yin et al.”! OCT Intravascular imaging Arranged ultrasonic/OCT system side by
side within the probe
Liang et al."” OCT, FI Intravascular imaging 3D image composition using a linear stage
Fedorov et al.""! OCT Diagnosis of skin cancer Acquired ultras'ound-f)ptlcal {mages a t.he
same field of view using an acoustic mirror
Induce tissue displacements using an
Kang et al.l'} OCT Measurement of elasticity of eye acoustic radiation force & Measure the
displacements using OCT
Yang et al."*) PAL OCT Diagnosis of ovarian tumor Applied synthetic ap.ertu.re focusing and
coherence factor weighting
Wei et al.!'! PAI Intravascular imaging Utilized a ring-type ultrasound transducer
Yang et i PAI Endoscopy Rotatl.onal radial scanning using a magnetic
coupling
Wang ef P PAI Diagnosis of skin Bimorph transducer that combined PZT and
PVDF
Park et al.!"”! PAI Preclinical evaluation (mouse tail) Single-element transparent ultrasound
transducer
Chen et al. *” PAI, FI Phantom evaluation Array-type transparent ultrasound
transducer
Valimukhametova ef al.*"! FI HEK-293 -
Yao et al.?? FI Preclinical evaluation (mouse) FI imaging at deep depth (centimeter-level)
Snyder et al.”*! FI Assessment of pancreatic cancer progress Propos?d fon-invasive r.nt?thod for
evaluating drug in preclinical stage
Estrada ef al 29 FI Brain imaging O.bserved neural and cortical responses
without surgery
Rauschendorfer ef al.” FI Intravascular imaging Estimated optical attenuation coefficient
per frame
. .o Generated a microbubble layer using
Kim et al.*%) FI Phantom evalua.tlon & brain tissue (rat) ultrasound & Enhanced imaging depth of
imaging .
confocal microscopy
Gorpas et al.™" FLI Intravascular imaging Rotational pullback
Ma et al.®® FLI Intravascular imaging Helical pullback
. . Integrated an ultrasound transducer, fiber
[29] 5
Fatakdawala e al. FLI, PAI Oral cancer diagnosis (hamster) for PAI and fiber for FLI in a single probe
Kim ef al.B% MSI Diagnosis of rectal cancer MSI (28 wavelength) & acoustic radlat19n
force-based mechanical property analysis
Kim er al P! MSI Diagnosis of rectal cancer MSI (15 wavelengt h). & backscattered .
signal-based mechanical property analysis
At e Hopoll A ATt Fxo] ARG AWNT  skeE4 glo] BAI AR A A RS A F o =A
T2 HolFgich v A2 o U S-S /4 FHAsks Ao 2 gk r 8 ARt £
Qo FUHAGSEG Z2Ho| 25u) HERH40 Y7 S Bt Bt 2 50 AU S
2 = . . = . =1 =
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Fig. 2. (Color available online) (a) Schematic cross
section and (b) photograph of the optically trans—
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US—FLIM multimodal imaging catheter: IVUS transducer
and side—viewing fiberoptic integrated in a parallel

design.®
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Table 2. Segmentation results (intersection of union) from two deep learning models according to different
combinations of multispectral images.

White Multi Spectral Fluorescence
Model W+F S+F W+S+F
(W) (S (F)
U-Net?*? 82.2 82.6 80.4 85.4 85.6 85.6
SAU-Net™ 81.4 82.4 79.5 83.9 84.9 85.4
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