
PROCEEDINGS OF SPIE

SPIEDigitalLibrary.org/conference-proceedings-of-spie

High-resolution vascular imaging of
small animal using the NIR-IIb
window emitted from ICG

Cai, Meishan, Hu, Zhenhua, Tian, Jie

Meishan Cai, Zhenhua Hu, Jie Tian, "High-resolution vascular imaging of
small animal using the NIR-IIb window emitted from ICG," Proc. SPIE 11312,
Medical Imaging 2020: Physics of Medical Imaging, 113122F (16 March
2020); doi: 10.1117/12.2547582

Event: SPIE Medical Imaging, 2020, Houston, Texas, United States

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 19 Mar 2020  Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



High-resolution vascular imaging of small animal  

using the NIR-IIb window emitted from ICG 
 

Meishan Cai
a, b

,  Zhenhua Hu
a
, Jie Tian

a, b, c, d,  

a
Key Laboratory of Molecular Imaging, Institute of Automation, Chinese Academy of Sciences, 

Beijing 100190, China 
b
University of Chinese Academy of Sciences, Beijing 100049, China 

c
Engineering Research Center of Molecular and Neuro Imaging of Ministry of Education & School 

of Life Science and Technology, Xidian University, Xi’an, Shaanxi 710071, China 
d
Beijing Advanced Innovation Center for Big Data-Based Precision Medicine, Beihang University, 

Beijing, 100191, China 

ABSTRACT   

Fluorescence molecular imaging is a promising tool for molecular tracking, and thus can visualize the 

vascular structure of small animal. However, with the strong scattering in biological tissues, traditional 

fluorescence molecular imaging in the visible spectrum or the first near-infrared spectrum (NIR-I, 700-900 

nm) has a limitation for high-resolution vascular imaging. Recently, the novel in vivo fluorescence molecular 

imaging in the longer second near-infrared window (NIR-IIb, 1500-1700 nm) is successfully developed for 

small animal imaging. The NIR-IIb window affords high imaging resolution and deep tissue penetration 

because of the diminished photon scattering effect, which is suitable for vascular imaging. However, the 

clinical applications of NIR-IIb fluorescence molecular imaging have been severely limited for lack of the 

clinical fluorophores. Here, we show that the clinically available dye, indocyanine green (ICG), can also emit 

the NIR-IIb signal, which provides high-resolution vascular imaging of small animal. We construct a novel 

imaging system for NIR-I and NIR-IIb imaging simultaneously and perform two vascular imaging 

experiments. The results demonstrate that the NIR-IIb imaging using ICG shows great superiority for high-

resolution vascular imaging of small animal compared with NIR-I imaging. It is believed that this study will 

facilitate the preclinical and clinical applications of NIR-IIb molecular imaging using ICG in the future.  
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1. OBJECTIVES 

Fluorescence molecular imaging, as a novel biomedical imaging modality, has been successful developed 

and applied in recent years [1-4]. Compared with the traditional imaging modalities such as computed 

tomography (CT), magnetic resonance imaging (MRI) and ultrasound imaging (US), fluorescence molecular 
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imaging presents several advantages such as high spatial resolution and sensitivity, great real-time imaging 

performance and low cost. Moreover, fluorescence molecular imaging could provide specific molecular 

information. These advantages enable a variety of biomedical applications of fluorescence molecular imaging, 

such as tumor detection [3], image-guided surgery [4, 5], lymph-node visualization [6] and small animal 

vascular imaging [7].  Especially, vascular imaging has the potential to provide significant information for 

prognosis and diagnosis.  

However, traditional fluorescence molecular imaging in the visible spectrum or the first near-infrared 

spectrum (NIR-I) was still limited to the unsatisfactory resolution and penetration owing to the severe 

scattering and strong autofluorescence of biological tissues [8]. Hence, fluorescence molecular imaging in the 

longer second near-infrared spectrum (NIR-IIb) was presented [9]. NIR-IIb fluorescence molecular imaging 

can offer higher spatial resolution and deeper tissue penetration because of the remarkably reduced scattering 

effect compared with the visible spectrum and the NIR-I spectrum [9]. However, absence of clinical NIR-IIb 

dyes had limited its applications in biomedical researches. In this study, we showed that the Food and Drug 

Administration (FDA)-approved dye indocyanine green (ICG) emitted the NIR-IIb signals. The NIR-IIb 

window emitted from ICG was successfully employed to the vascular imaging of mice model, which provided 

higher imaging resolution and contrast compared to ICG-based NIR-I molecular imaging. This study was 

significant to the development of molecular imaging, especially the vascular imaging of small animal. 

2. METHODS AND MATERIALS 

2.1 Mice Model 

In this study, two healthy, female Balb/c nude mice (5 weeks, ~20 g) used for vascular imaging were 

purchased from the Beijing Vital River Laboratory Animal Technology Co. Ltd. They were fed in our lab for 

three days before the experiment. The experiment was conducted under the protocols approved by the 

Institutional Animal Care and Use Committee, Chinese Academy of Sciences. The mice were under the gas 

anaesthesia during the process of experiment.  

2.2 ICG Preparation 

ICG was dissolved in the normal saline and diluted to the final concentration of 0.1mg/ml. About 0.2-0.3 ml 

of ICG solution was injected to one mouse via the tail vein.  

2.3 Imaging system 

We constructed a novel system for vascular imaging of mice in the NIR-I spectrum and the NIR-IIb 

spectrum (Fig. 1). The Laser (785nm) coupled a fiber (Changchun Reirui Optoelectronic Technology, China) 
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was used as the fluorescence excitation source. High-sensitivity EMCCD camera and InGaAs camera 

(Princeton Instruments, USA)  were employed to capture the NIR-I signal and the NIR-IIb signal, respectively. 

In addition, 850nm band-pass filter and 1500nm long-pass filter (Thorlabs, USA) were utilized to remove the 

background signal, respectively (Fig. 1B). 

 

Figure 1. Overview of our system for vascular imaging of mice in the NIR-I spectrum and the NIR-IIb 

spectrum. 

3. EXPERIMENTS AND RESULTS 

Two mice were purchased for vascular imaging with our imaging system. One of them was used for 

abdominal vessels visualization (Fig. 2) and the other was used for brain vessels (Fig. 3). The vascular images 

and the corresponding zoom-in images of NIR-IIb and NIR-I in the abdomen area were illustrated in Fig. 2A. 

Cross-sectional intensity profiles along the red curves were shown in Fig. 2B and C. NIR-IIb imaging 

achieved higher resolution and contrast, which clearly visualized numerous vessels in the abdomen area. 

While the signal intensity of NIR-IIb is lower than that of NIR-I, the signal-to-background (SBR) of NIR-IIb 

was much higher than that of NIR-I. The same performance of NIR-IIb imaging was also acquired in the brain 

vessels imaging experiment (Fig. 3).  
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Figure 2. The abdominal vessels imaging experiment. (A) The vascular images and the corresponding zoom-

in images of NIR-IIb and NIR-I in the abdomen area were illustrated. (B) Cross-sectional intensity profiles 

along the red curves of NIR-IIb imaging. (C) Cross-sectional intensity profiles along the red curves of NIR-I 

imaging.  

 

4. CONCLUSIONS 

In this study, we showed that the clinically available dye ICG can also emit the NIR-IIb signal. The NIR-IIb 

signal emitted from ICG was used for vascular imaging of nude mice. NIR-IIb showed superiority for high-

resolution vascular imaging in the experiments. We believed that this study will facilitated the preclinical and 

clinical applications of NIR-IIb molecular imaging using ICG in the future.  
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Figure 3. The brain vessels imaging experiment. (A) The vascular images and the corresponding zoom-in 

images of NIR-IIb and NIR-I in the brain area were illustrated. (B) Cross-sectional intensity profiles along the 

red curves of NIR-IIb imaging. (C) Cross-sectional intensity profiles along the red curves of NIR-I imaging.  
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