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Visible-NIR-II dual-channel fluorescence imaging system
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Abstract: A dual-channel macroscopic imaging system has been developed based on optical methods,
which can simultaneously capture the visible light and near-infrared second window (NIR-II) fluores-
cence. It could provide high-quality bright-field real-time images with the NIR-II fluorescence informa-
tion, addressing the significant disparity issue between fluorescence and bright-field images in conven-
tional NIR-II macroscopic imaging systems. In the experiment, the anti-scattering capability and imag-
ing performance of NIR-II fluorescence signals of indocyanine green (ICG) were tested using different
thicknesses of adipose tissues in the band of 1 100-1 700 nm and 1 300-1 700 nm respectively. Subse-
quently, the dual-channel macroscopic imaging system was used to obtain lymph node images of
mouse and rat models, simulating the lymph node resection surgery and mimicking the process of ab-
dominal lymph node clearance. Finally, different thicknesses of biological adipose tissues were added
to the rat model to simulate the presence of adipose tissues covering the lymph nodes during actual sur-
gery, and the penetration capability of the dual-channel system was observed. The visible and near-
infrared second window dual-channel fluorescence imaging system provided the intuitive visual infor-
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mation to the operator, reducing surgery time and improving the patient prognosis, and held great po-

tential for application in clinical surgical navigation.

Key words: fluorescence imaging, double-channel macroscopic imaging system, near-infrared second window,

clinical surgical navigation
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Fig. 1 Real-time visible-NIR-II dual-channel macroscopic im-

aging system
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Fig.2 (a) Visible light channel resolution test; (b) NIR-II channel resolution test; (¢) Fusion channel resolution test.
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Fig. 3
(ICG) in 10% FBS solution in the NIR-II window; (b) Dual-
channel fused image of ICG (0.1 mg/mL, 10% FBS) under

793 nm laser excitation, scale bar 2 cm; (¢) Fluorescence im-

(a) Fluorescence spectrum of indocyanine green

age of capillary tubes containing 0. 1 mg/mL ICG (10% FBS
solution) under different thicknesses of 1% Intralipid in the
NIR-II region; (d) Corresponding FWHM measurement val-

ues, scale bar 2 mm
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Fig. 4 (a) Visible light channel image of subcutaneous lymph nodes in mice; (b) NIR-II channel image of subcutaneous lymph
nodes in mice, with an inset showing FWHM measurement in the region marked by the dashed line; (¢) Fused channel image of
subcutaneous lymph nodes in mice before laparotomy; (d) Fused imaging of abdominal lymph nodes in mice after laparotomy. @ Rep-

resents lymph nodes in the abdominal cavity, @ Represents lymphatic vessels connected to the lymph nodes. Image scale bars are

2 cm for all images
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Subcutaneous lymph node imaging in rats: (a) Axil-

are 2 cm, left column represents visible light channel, and

right column represents fused channel images
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