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OCT has emerged as a promising technology [1] for in-vivo imaging in a wide range of medical applications.
The evolution from time-domain to spectral-domain and optical frequency domain imaging (OFDI), [2,3] has
made simultaneous improvement in sensitivity, high speed, and axial resolution feasible in many applications,
such as retinal imaging. [4]

Yun et al. theoretically investigated axial and lateral motion artifacts in CW SD-OCT and
swept-source OFDI, and experimentally demonstrated reduced axial and lateral motion artifacts using a pulsed
source and a swept source in endoscopic imaging of biological tissue. [2,3] In ophthalmic applications of
SD-OCT, SNR reduction caused by high speed lateral scanning of the beam over the retina may be dominant
over axial patient motion. Using pulsed illumination can reduce lateral motion artifacts. We analyzed the SNR
benefit of pulsed-illumination over CW SD-OCT, demonstrating that pulsed illumination provides a better SNR

for in-vivo high speed human retinal imaging.

Yun et al. [2] derived the equations for the SNR decrease due to lateral motion in CW SD-OCT. For a CW

source, the SNR decrease is given by,

2
o

SNR decrease = —5log,, [1 +0.5 Ax } (1)

where Ax is the scanning distance during the camera integration time and w, denotes full-width-half-maximum
(FWHM) of the beam profile. The normalized displacement is defined as Ax/w,. For pulsed illumination,
Ax is replaced by (Tpuise/Tcamera)'AX, Where Tpuse is the pulse width in time and Tcamera iS the integration time

of the camera for a single A-line.

We applied, for the first time to our knowledge, pulsed illumination to human retinal imaging and we

compared SNR with CW illumination. The pulse width was 8 ps and the pulse repetition rate was 29.3 KHz,
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synchronized with the integration time of the high-speed line scan
camera. According to the ANSI standard for safe use of lasers, the
maximum permissible exposure expressed as the average power of
a pulse train increases with the pulse repetition rateup to a
frequency of 55 kHz, where the limit to continuous wave exposure

is reached. [5]

As shown below, integrated reflectance images of the retina of a
healthy volunteer at two different lateral scanning speeds

characterized by 1000 and 500 A-lines per image for CW and

pulsed illumination were measured. We can see some discontinuities in the 1000 A-line images because of the

two times longer measurement time relative to the 500 A-line images.

The SNR in each measurement was calculated and analyzed by selecting 4 regions of interest based on the

integrated reflectance image as shown above to compare the SNR in the same region of the retina for CW

and pulsed illumination. The sample arm power after the slit lamp of CW and pulsed illumination was set to

600 uW and 385 puW respectively. The 385 uW average power for pulsed illumination will cause a 1.9 dB

smaller SNR compared to the 600 pW for CW. This has been accounted for in the SNR analysis comparing

pulsed and CW illumination. The ONH is in axially different locations (right figure) so the SNR was

compared after correcting for the depth dependent sensitivity decrease.
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