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Abstract

In conventional fundus imaging devices, transpupillary illumination is used for illuminating the
inside of the eye. In this method, the illumination light is directed into the posterior segment of the
eye through the cornea and passes the pupillary area. As a result of sharing the pupillary area for
the illumination beam and observation path, pupil dilation is typically necessary for wide-angle
fundus examination, and the field of view is inherently limited. An alternative approach is to
deliver light from the sclera. It is possible to image a wider retinal area with transcleral-
illumination. However, the requirement of physical contact between the illumination probe and the
sclera is a drawback of this method. We report here trans-palpebral illumination as a new method
to deliver the light through the upper eyelid (palpebra). For this study, we used a 1.5 mm diameter
fiber with a warm white LED light source. To illuminate the inside of the eye, the fiber illuminator
was placed at the location corresponding to the pars plana region. A custom designed optical
system was attached to a digital camera for retinal imaging. The optical system contained a 90
diopter ophthalmic lens and a 25 diopter relay lens. The ophthalmic lens collected light coming
from the posterior of the eye and formed an aerial image between the ophthalmic and relay lenses.
The aerial image was captured by the camera through the relay lens. An adequate illumination
level was obtained to capture wide angle fundus images within ocular safety limits, defined by the
ISO 15004-2: 2007 standard. This novel trans-palpebral illumination approach enables wide-angle
fundus photography without eyeball contact and pupil dilation.
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1. INTRODUCTION

It is known that wide angle fundus photography is essential for screening, diagnosis and
treatment evaluation of eye diseases such as diabetic retinopathy, retinopathy of prematurity,
intraorbital neoplasms, and choroidal dystrophies. Wide field fundus photography can also
be readily used in telemedicine consultation. [1-5]. However, it is technically difficult to
construct wide angle fundus imagers, due to the complication of illumination and imaging
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mechanisms. In conventional fundus imaging devices, illuminating the inside of the eye is
performed with a transpupillary illumination method [4]. In this method, the light source is
directed into the posterior segment of the eye through the cornea and passes the pupillary
area and crystalline lens and vitreous of the eye. As first described by Gullstrand, the ray
bundles used for illumination and observation should be separated on the cornea and on the
first surface of the crystalline lens in the transpupillary illumination method. Otherwise, it is
impossible to observe the retina because of light reflection and scattering from these areas
[6]. The widest retinal area captured in a single photograph by transpupillary illumination is
limited due to the nature of the technique. In this technique, a ring shaped peripheral corneal
area is used by the illumination light. The remaining central corneal area is used for
observing the retina. The border of the central cornea limits the amount of capture of the
incident retinal rays to form an image. Rays coming from the peripheral retina cannot be
captured by imaging optics because the corresponding corneal area is occupied by the
illuminating ring [7]. In fact, transpupillary illumination uses nearly half of the pupil area
and corresponding corneal and crystalline lens layers. Therefore, pupil dilation is typically
required for transpupillary illumination to ensure the necessary field of view.

Instead of flood transpupillary illumination, Optos Camera (Optos, PLC, Dunfermline, UK)
uses a single-point light scanning approach to achieve wide angle photography. Optos can
image 200 degrees of the retina using a confocal scanning laser and ellipsoid mirror system.
Optos uses two laser wavelengths (532 nm and 633 nm) to create a color image. The high
cost of the Optos limits its access in rural and underserved areas [8]. Low posterior pole
resolution and peripheral distortion of the image make it difficult for reliabel assessment of
disease assocated morphological changes in these areas.

Transscleral illumination is an alternative approach to achieve wide angle photography. The
ciliary body extends forward from the anterior end of the choroid to the root of the iris. It
consists of a corrugated anterior zone, the pars plicata, and a flattened posterior zone, the
pars plana (Figure 1). The pars plana extends anteriorly from the ora serrata. The ora serrata
is the serrated peripheral margin where the retina ends [9]. Light transmission of the pars
plana and adjacent sclera is better than any other scleral part of the eye. In other words, it is
nearly impossible to obtain a natural image of the retina by illumination from other parts of
the sclera instead of the pars plana. Transscleral illumination was first presented by
Pomerantzeff in 1975. He showed that fiber optic bundle placement in the pars plana region
of the sclera provides uniform, diffuse and adequate illumination for examining and
photographing the interior of the eye. He emphasized the significantly high optical
transmission of light from the pars plana compared to other scleral regions and preferred this
area to illuminate the inside of the eye [10]. In 2002, a wide field retinal imaging system,
based on trans-scleral illumination, called Panoret-1000, was put on the market. It produced
excellent images of the retina with high resolution and natural color. Panoret was able to
image the retina from the optic disc to the ora serrata in a single-shot measurement. With the
advantage of trans-scleral illumination, it was possible to image the retina of patients with
small pupils, cataracts, or an intraocular lens implant. Although the Panoret-1000 has been
used successfully in ocular centers, it is no longer commercially available. Its clinical
deployment failed due to the logistics of obtaining the retinal image. The camera and light
system were apart from each other in the Panoret-1000. To capture a retinal image, one hand
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was used to hold the camera and the other hand was used to hold the light at the same time.
The need to simultaneously use both hands results in difficult operation of the device [3].
The requirement of physical contact between the illumination system and sclera is another
drawback of this method.

In this study, we developed a new technique by delivering light through the upper eyelid
(palpebra) for wide angle fundus photography [11]. This novel trans-palpebral illumination
approach enables wide-angle fundus photography without eyeball contact and pupil dilation.

2. MATERIALS AND METHODS

This study was approved by the Institutional Review Board of the University of Illinois at
Chicago and was in compliance with the Declaration of Helsinki. Figure 2 shows a
schematic diagram of the trans-palpebral illumination imaging system. A custom made
adaptor was attached to a Sony Alpha a5100 mirrorless digital camera. The adaptor consists
of one ophthalmic lens (Molk 90D, Volk Optical Inc) and one relay lens (25D achromatic
doublets, Thorlabs) housed in the tube system. The ophthalmic lens collects light coming
from the eye and forms an aerial image between the ophthalmic and relay lenses. The aerial
image is captured by the camera through the relay lens. The focusing system of the camera
lens was set to the manual focusing mode. The photographs were captured when the optic
disc and central retinal area were optimally focused. During the experiment, the eye was
illuminated with a warm white LED light (Thorlabs Inc.) through the palpebra. A 1.5 mm
diameter fiber was used to illuminate the palpebra. The field of view of the imaging system
was calculated based on ISO 10940:2009 [12]. A target placed at 1 m from the imaging
device was used to measure the corresponding external angle of the imaging system.

3. RESULTS

Figure 3 shows a fundus image captured from a subject who had no ocular pathology. The
optic disc, including both cup and disc, was clearly identified in the image. Similarly, the
macula and blood vessels were unambiguously observed. Retinal arteries that have a
maximum diameter of 80 pm near the optic disc and 50 um at midperiphery of the retina
were unambiguously observed.

Figure 4a is a near infrared fundus image captured from a subject who had a choroidal nevus
with drusen. Figure 4b is the color fundus image of the same patient captured by our
imaging system with the transpalpebral illumination method.

The field of view based on the external angle was equal to 103°. However, current wide-field
fundus cameras, such as a Retcam and Optos, typically use a spherical center (i.e., interior
angle) to specify the view angle. For the 103° external angle, the corresponding interior
angle was estimated at 0.74 x 2 x © external [13]; i.e., 152°.

The radiant power at the fiber endpoint; i.e., the contact point with the eyelid was 70
mW/cm?, was ten times below the threshold of 700 mW/cm? that was allowed for
continuous illumination without thermal hazard concern. The light delivered by the
illuminator was 1.5 Im luminous flux, which was lower than that of a xenon illumination
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system for vitreoretinal surgery [14]. The estimated irradiance at the retina was calculated to
be 0.49 mW/cm? which enabled 5.7 hours of continuous safe observing time according to
the 1SO 15004-2: 2007 standard [15]. Therefore, the trans-palpebral illumination is a safe
and feasible method to pursue wide-angle fundus imaging.

4. DISCUSSION

The relatively avascular and thin structure of the pars plana allows a unique opportunity to
transmit light to the inside of the eye. The anterior adjacent tissue pars plicata is a thick and
vascularized structure that does not permit enough light to enter the eye. Outside of the pars
plana, the choroid tissue becomes thicker sharply. The choroid is comprised of blood
vessels, melanocytes, and other structures. Melanosomes and the high vascularization of the
choroid results in blocking the light transmission into the inside of the eye [16].

Here we report a new approach for wide-angle fundus photography by illuminating the
retina through the eyelid. Without pupil dilation, we were able to achieve a 152° view in a
single-shot image, exceeding the 130° [8] maximum in a single-shot fundus image captured
by the RetCam 3 (Clarity Medical Systems). Wide-angle fundus cameras, such as Retcam
and Optos, are only available at limited clinical centers of urban hospitals because of their
high cost due to expensive requirements for the sophisticated illuminating and imaging
systems. The transpalpebral illumination method might help to provide a low-cost alternative
to achieve wide angle fundus photography.
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Figure 1.
Anatomical illustration of the pars plana
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Figure2.

Schematic diagram of the trans-palpebral illumination imaging system
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Figure 3.
Fundus image captured from a subject who had no ocular pathology
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Figure 4.
Near infrared (a) and color (b) fundus images captured from a subject who had a choroidal

nevus with drusen.
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