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Fig.1 Based on NIR-II 2D fluorescence imaging, analyze the

venous network and radial artery blood flow parameters

at the surgical site to simulate postoperative outcomes
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Table 1 Baseline characteristics of the study population

Characteristic

Fluorescence angiography group

Control group

Age (range)
Gender (n)
Male
Female
Renal insufficiency stage
4
5
Renal anemia
Diabetes mellitus
Hypertension
Polycystic kidney
Hyperuricemia

Henoch-Schonlein purpura

56(18-75) 55(20-74)
9 8
3 7
2 3
10 12
9 10
8 9
11 13
4 2
2 5
1 0
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RA: radial artery
NIR-II FA 'A: fluorescence angiography
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Fig. 2 Measurements of postoperative vascular diameters in patients, some blood vessels were not visible on ultrasound under pressure
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Fig. 3 Image resolution improvement through artificial intelligence method. (a)(b) ICG NIR-II images of vessels; (¢)(d) NIR-IIb high-
resolution images of vessels after spectral shift generative adversarial network processing
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Fig. 4 During the process of freeing the forearm cephalic vein, parallel similar veins can be seen during surgery. By observing the
drainage of the cephalic vein through NIR-II angiography, we can judge that one vein originates from the dorsal side of the hand

as the main trunk of the cephalic vein, and the other originates from a communicating branch on the palmar side, connecting the

cephalic vein and the basilic vein. (a) The main trunk cannot be adequately displayed by ultrasound; (b) superficial vascular

network imaged by NIR-II; (¢) intraoperative view
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Abstract

Objective Vascular imaging is crucial for medical diagnosis, and it facilitates disease diagnosis, disease progression monitoring,
surgical planning and navigation, and patient prognosis evaluation. However, conventional imaging methods encounter challenges in
rapid and noninvasively imaging of superficial blood vessels because of the similarities in texture and color with surrounding tissues. In
clinical surgery, preoperative superficial vascular imaging and intraoperative vascular display are beneficial for reducing bleeding,

facilitating surgical navigation and path planning, and promoting postoperative blood supply recovery.

Methods A fluorescent imaging system in the second near-infrared window (NIR-II) to capture images of the forearm vascular
network in patients was used in this study. The research involved 12 patients, with indocyanine green serving as a contrast agent for
obtaining NIR-II images of the forearm blood vessels. These images were used to observe the anatomical structure of the venous
vascular network. Furthermore, computer-aided analysis was employed to improve image quality, support surgical path planning and

prognosis prediction, and provide valuable guidance for clinical practitioners.

Results and Discussions High-resolution and high-contrast images are captured using NIR-II fluorescence angiography. The
clarity of these images are enhanced using artificial intelligence techniques. Computer simulation was employed to simulate venous
network reflux. The agreement between the measurement results obtained from this technique and ultrasound was evaluated using the

Bland Altman plot and consistency measurements.

Conclusions The acquired images are used to examine the anatomical structure of the venous vascular network and combined with
blood flow simulation. This integration aims to assist clinicians in determining optimal surgical trajectories and predicting outcomes.
The application of NIR-II fluorescence imaging and computational simulation techniques has potential in providing valuable support

for surgeons in performing various vascular procedures in the future.
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