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ABSTRACT 
We developed a new optoacoustic microangiography system (OmAS) intended for in-vivo vascular imaging of a 
human finger. The system employs an arc-shaped acoustic array that is rotated 360 degrees around the finger 
providing optoacoustic data necessary for tomographic reconstruction of the three-dimensional images of a finger. A 
near-infrared Q-switched laser is used to generate optoacoustic signals with increased contrast of blood vessels. The 
laser is coupled through two randomized fiberoptic bundles oriented in orthogonal optoacoustic mode. To 
demonstrate OmAS capabilities, we present a time-series of optoacoustic images of a human finger taken after the 
hypothermia stress test. The images show a detailed vascular anatomy of a finger down to the capillary level. A 
series of quick 30s scans allowed us to visualize the thermoregulatory response within the studied finger as it was 
manifested via vasomotor activity during the hypothermia recovery. We propose that the developed system can be 
used for diagnostics of various medical conditions that are manifested in change of the peripheral (finger) blood 
flow. Examples of the medical conditions that could be diagnosed and staged using the OmAS include the peripheral 
arterial disease (PAD), thrombosis, frostbite, and traumas. 
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1. INTRODUCTION 
The visualization of peripheral vasculature can be useful in diagnostics and monitoring of various medical 
conditions, like vascular disorders, anatomical abnormalities, and obstructed blood flow.1-3 The examples include 
stenosis, thrombosis, embolism, frostbite, traumas, peripheral artery occlusive disease, Raynaud’s syndrome, etc. 
The imaging of microcirculation and capillary networks is useful for the diagnosis of ischemia.4 Another application 
of the vascular imaging could be related to the physiological stress tests, aimed to study local vasomotor response. 
The stress tests involve changing environmental conditions (local occlusion, change of temperature, etc.) in order to 
bring certain physiological parameters, in this case the peripheral blood flow, close to extreme. Then, the 
environmental conditions are restored to normal, and the recovery of the individual’s peripheral blood flow is 
monitored.5 

Optoacoustic (OA) imaging is one of the best modalities for visualization of vasculature in live organisms.6-9 It is 
based on the acoustic signals generated by a short laser pulse absorbed within biological tissues.10 The OA imaging 
of blood vessels using near infrared (NIR) lasers can be effectively performed at depths up to several centimeters.11 
At those laser wavelengths (700-800 nm) blood is 50 to 100 times more absorbing than the surrounding tissues,12 
which eliminates the need for use of external optical contrast agents. 

In these studies, we modified a three dimensional OA tomography (3D-OAT) system, which was previously 
designed and used for experiments on small animals,6,13 in order to perform microangiography of a human finger. 
The finger is a good candidate for such type of imaging for multiple reasons. First of all, the microangiography of a 
finger is currently used to diagnose peripheral vascular diseases.4 Also, its geometry and size resemble those of a 
mouse, and it can be fixed within the 3D-OAT system at an optimal location near the focus of the detector. 

The mechanical structure of a finger is quite heterogeneous being comprised of blood vessels, soft tissue, bone, and 
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4. CONCLUSIONS 
Our work demonstrated that the thermoregulatory response and other physiological effects regulated via vasomotor 
activity could be studied by repetitive three-dimensional optoacoustic imaging following the stress test that modifies 
the finger blood flow. Future improvements to the stabilization of the finger during the scans will provide less 
motion artifacts, better resolution and contrast of individual optoacoustic images, which is essential for quantitative 
differential image analysis. We also plan to increase the speed of each scan and allow uninterrupted multiple 
scanning, which will allow studying of the faster processes that happen as a result of vasomotor activity. 
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