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We have developed a novel ophthalmic imaging technology, photoacoustic 
ophthalmoscopy (PAOM), to quantitatively measure optical absorption in the eye. We 
have further combined PAOM with spectral-domain optical coherence tomography (SD-
OCT) and confocal scanning laser ophthalmoscopy (cSLO) to achieve multimodal 
imaging, which provides comprehensive functional information of the retina. 

The geometry of PAOM is shown in Figure 1. A high-
frequency small-footprint ultrasonic detector was placed on 
the eyelid while the collimated laser beam (for both PAOM 
and SD-OCT) was delivered to the retina through the pupil. 
The collimated light was then focused on the retina by the 
anatomical components of the eye itself (cornea and lens). 

A two-month old Long Evans rat (body weight 300 g) was 
imaged. A 30-MHz needle ultrasonic transducer was placed 
in contact with the eyelid coupled by ultrasound gel. The 
laser pulse repetition rate was 24 kHz; B-scan (containing 
256 A-lines) frame rate was 93 Hz; and a volumetric data containing 256 B-scans were 
acquired within 2.7 seconds [1]. The PAOM projection images and SD-OCT fundus 
images of the retina containing the optic disc and retinal vessels at different 
magnification levels are shown in Figure 2. The later resolution of PAOM and SD-OCT 
in rat was comparable and was around 15 µm; the axial resolution of the PAOM was 
around 20 µm, which is 
limited by the ultrasonic 
bandwidth; and the axial 
resolution of the SD-OCT 
was 5 µm. It is clearly 
observed that PAOM, relying 
on the strong optical 
absorption of hemoglobin, 
provides much better image 
contrast in visualizing retinal 
blood vessels comparing with 
SD-OCT. The natural 
combination of these two 
modalities has the potential 
to improve both fundamental 
investigation and clinical 
diagnosis of several blinding 
diseases. 
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Figure 1. Geometry of PAOM 
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Figure 2. Simultaneously acquired PAOM (a)-(c) and SD-OCT (d)-
(f) images of a rat retina under different magnification levels. 
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