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Fundamental Principle of Optoacoustic Imaging I: 

Pressure Profile Replicates Distribution of Absorbed Optical Energy 

under conditions of temporal pressure confinement upon optical energy deposition

Consequence #1: optical pulse duration must be much shorter than the time

it take for acoustic pressure (ultrasound) to escape the voxel to be resolved, tL<<d/cS

and

Consequence #2: maximum efficiency of optoacoustic pressure can be achieved under

illumination conditions of temporal pressure confinement

Fundamental Principle of Optoacoustic Imaging II –

detection system, including ultrasonic transducer must be sensitive 

within a ultrawide band of ultrasonic frequencies in order to detect 

the OA signals without distortion and enable quantitative information. 



Principal Component Analysis (PCA) can be used to remove contribution 

of absorbed optical energy in the tissue surrounding the object of interest. 



Hemoglobin and Oxyhemoglobin of blood are the two main chromophores

(absorbing molecules) of biological tissues in the near-infrared spectral range. 

Water and lipids (fats) provide background absorption. The thin melanin layer 

slightly filters NIR light incident on skin.
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Optoacoustic sensitivity is very high allowing detection 

of single red blood cells in a tissue like medium (milk).



Due to high detection sensitivity the imaging depth for blood vessels

in biological tissue-like medium exceeds 70 mm.  



This equation has rigorous solution only with complete data set, 

such as in the case when the object of imaging is completely 

surrounded by optoacoustic detectors (transducers).  
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Image reconstruction is made through back-projection of each measured sample

of filtered optoacoustic signals onto a spherical surface with radius equal to the

product of time of the sample detection and the speed of sound.  

The reconstructed image is then normalized to the density of detectors 

on the sphere comprised of virtual transducers produced by rotating arc-shaped array.
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Initially reconstructed image is rich of information, 

but hard to interpret due to opacity of the 3D volume. 



Filtering with multiscale wavelet filters permits significant increase 

of the signal-to-noise ratio and also conversion (through integration) 

of the bipolar pressure signals into molopolar energy signals.



Deconvolution of the system’s impulse response helps to restore original signals

and improve accuracy of quantitative information. 
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Image post-processing allows one to visualize objects of interest 

within the animal body (such as organs or blood vessels).
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Images of internal organs can be obtained by filtering high 

ultrasonic frequencies out and keeping lower frequencies.



Optoacoustic tomography is ideally suitable for imaging vasculature.

It is the only imaging technology that can provide quantitative

Information regarding concentrations of Hemoglobin and Oxyhemoglobin

With high resolution through the entire animal body.



Even bones, spine, ribs and joints can be visualized on 

optoacoustic images based on signals detected from microvasculature. 
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Exogenous contrast agents, such as gold nanorods strongly absorbing

in the near-infrared spectral range, can be used to target and visualize

location of specific molecular receptors in the body.  



Mouse was injected with gold nanorods conjugated with antibodies 

specific to molecular receptors HER2 in the cancer cells






