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ABSTRACT

Contemporary retinal microsurgery is performed by skilled surgeons through operating microscopes, utilizing free
hand techniques and manually operated micro-instruments. One technically challenging procedure is the incising
and peeling of the internal limiting membrane (ILM) while minimizing damage to the underlying retina. One
strategy for minimizing damage is to improve visualization of the ILM layer. Here we present a preliminary
evaluation of a prototype tool that integrates an ultra high resolution Fourier domain common path Optical
Coherence Tomography (OCT) with an intelligent microsurgical instrument. The tool provides OCT guided
visualization of the ILM layer at the point of tissue contact by the surgical tool. We have evaluated the imaging
properties of the common path OCT system. The common path OCT system used in this study has a maximum
imaging depth of 1.3mm and a sensitivity of 91dB. We have achieved an experimental axial resolution of 3um in air
and this appears to be sufficient to both identify the ILM and to perform surgical maneuvers. We scanned the single
mode fiber probe using an intelligent microsurgical instrument to form B-Mode images. We imaged a porcine eye
with both anterior eye segment and the vitreous removed. The image obtained show distinct functional layers of
retina.
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1. INTRODUCTION

Vitreoretinal surgery is challenging because surgeons have to perform extremely precise maneuvers in a limited
space. One surgical task is the incising and peeling of the internal limiting membrane (ILM) that is involved in the
treatment of macular hole. The ILM peeling is difficult because the ILM is a transparent thin layer and invisible
under microscope. To minimize the damage to the underneath tissue when peeling the ILM, it requires a better
visualization of ILM. The standard way to improve the visibility is to stain ILM with dye, such as indocyanine green
(ICG) dye. Although staining the ILM improves anatomic success in the treatment of macular hole, it leads to
unfavorable visual acuity outcome and peripheral visual field loss [1]. Alternatively, instead of using ICG dye, we
adopt OCT to increase the visibility of ILM, because OCT can “see” the ILM based on the refractive index contrast
between the ILM and the underneath tissue.

Using OCT to assist surgeons with A-mode or B-mode scan has been one of our research focuses [2, 3]. To use
OCT to guide the procedure of ILM peeling, it requires a high spatial resolution, for the ILM is as thin as 1-3
microns. We adopt the common path configuration in our OCT system, because common path OCT (CP OCT) can
achieve ultra high resolution at very low cost [5, 6]. To achieve high resolution, we use a broadband source to
illuminate the common path interferometer. The broadband source constitutes three superluminescent diodes (SLD),
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which are multiplexed using fiber-optic couplers. Combining multiple SLDs allows us to have a bandwidth that is
comparable with femtosecond laser; however, it is much cheaper and more compact [7]. CP OCT also circumvent
another challenge in retinal imaging which is chromatic dispersion that decreases the resolution. The dispersion
induced by the eye varies among subjects and requires compensate for. However, in CP OCT, the sample and
reference arms share the same optical path and the probe is directly put in close proximity to the sample site of
interest. Therefore, the system is essentially free of dispersion mismatch. In our CP OCT system, the probe arm is
simply a single mode fiber with 125um outer diameter if we remove the plastic jacket of the fiber. The miniature
size of the probe enables us to integrate the CP OCT probe with surgical tools and insert the probe into the eye while
surgeon is performing surgical tasks. In this study, we integrated the fiber probe with CMU Micron [8], an
intelligent microsurgical instrument for ophthalmologic microsurgery that can cancel the physiological tremor from
the surgeon’s hand as well as can perform high-speed 3-D mechanical scan [9]. OCT can track the motion of tool tip
in real time, which can be potentially used to control the motion of the surgical tool. When using the integrated
surgical tool as an imaging device, we scan the fiber probe of CP OCT to form B-mode or even C-mode image.

In order to evaluate the integrated surgical tool, we applied different driving waveforms to the surgical tool so
that it moved its tip accordingly. OCT was used to sense the motion of tool tip. The results show that OCT can track
the tool with high spatial and temporal resolution. On the other hand, we imaged the retina of a porcine eye with CP
OCT. The obtained image shows distinct retina layers. Specifically, we observed a thin layer that is probably ILM.

2. SYSTEM CONFIGURATION AND CHARACTERIZATION

Fig 1 shows the schematic of our system. The Fourier domain (FD) CP OCT constitutes a single mode fiber probe,
homemade spectrometer, fiber-optic coupler, and a broadband source. The fiber-optic coupler is used to launch the
source output to a sample through the single mode fiber, which is cleaved in right angle to provide reflection at the
fiber end and the fiber end serves as reference surface. The back reflected/scattered light from reference and sample
is directly coupled into the fiber and routed by the coupler to a homemade spectrometer. The homemade
spectrometer is composed of a collimator, 1200 line pair per mm diffraction grating, and a 2048 pixel CCD with
14pm pixel size (e2v AVIIVA SM2 CL 2014, 28 kHz line scan rate). We multiplexed three SLDs to serve as
broadband source that has a central wavelength of 800nm and full width half maximum of 106nm. The source
spectrum is plotted in Fig 2a. Fig 2b shows A-scan signal obtained when we imaged a mirror, which demonstrates a
3um resolution (in air). The CP FD OCT system’s maximum imaging depth and sensitivity is measured to be
1.34mm (in air) and 92dB respectively. We integrated the single mode fiber probe with the needle in the handle of
CMU Micron, a surgical tool that actively removes the natural tremor from the surgeon’s hand and can be simply treated as a

high speed scanner with a maximum scanning range of 1.5mm.
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Fig.1. Schematic of CP FD OCT
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3. EXPERIMENT

To track the motion of the surgical tool, we applied sinusoidal waveforms to the surgical tool that modulate the tip
position of the shaft in the direction that is perpendicular to the surface of the experiment table, namely, vertical
direction. As the single mode fiber probe of FD CP OCT was integrated with tool shaft, the probe end of CP OCT
also moved sinusoidally in vertical direction. A mirror with its normal in vertical direction was used as sample. The
interference between the light reflected by the mirror and the fiber end led to a peak in OCT signal. The position of
this peak indicated the distance between the mirror and the tool tip which was modulated by the driving waveform..
Fig 4a to ¢ show the results when we applied 10Hz sinusoidal waves with 150um, 200pm and 250pm scanning
range. In Fig 4, every column in an image stands for an A-scan and the time interval between each A-scan stays the
same for all the A-scans in all the images. Results in Fig 4 demonstrate that OCT can track the motion and can
potentially be used in the servo of the handheld surgical tool

Fig. 4. OCT signal obtained by applying different driving waveform

In the second experiment, we scanned the single mode fiber probe of OCT using Micron to obtain B-mode image. The
sample in this experiment was a porcine eye. For the convenience of scanning, we removed the anterior eye segment and the
vitreous. The probe was put in close proximity to the retina. By scanning the probe at a 10Hz repetition rate and at
100pum range, we obtained the 2-D retina image shown in Fig 5a. The OCT retina image correlates well with the
histology of porcine retina in Fig 5b showing the retinal layers [10]. Compared to Fig 5b, in Fig 5a we observed a
thin layer right below the retina surface. The thickness is much smaller compared to the thickness between nerve
fiber layer (NFL) and ganglion cells layer (GCL), suggesting that we may be able to distinguish ILM from the next
retinal layer.
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Fig.5a.0CT image of porcine retina b. Histology of porcine retina [10]
To further verify our hypothesis that OCT can help increase the visibility of ILM, in Fig 6 we showed a zoom

in version of Fig 5a which has three distinct layers. The image suggests that the highly reflective layer might be the
ILM and underneath it is probably nerve fiber layer (NFL).
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Fig 6 Zoom in OCT image that shows the surface of retina
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