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Teleophthalmology provides specialist consultation services in
places where they are not readily available. It has created an alternative
mechanism to which patients in remote or underserved regions of
the nation can have access to expert opinion and evaluation. Certain
remote locations are carefully selected to hold stationary devices that
would allow for funduscopic images to be obtained. Images are then
transferred to a reading center where an ophthalmologist reviews them
and decides on the diagnosis and treatment options for the patient.
During the initial development of this system, a great deal of effort was
put into analyzing image quality in order to standardize the reading
of images [1]. Initial studies analyzed the progression of diabetic
retinopathy for the benefit and modality of treatment for diabetes. This
culminated in diabetic screening and treatment protocols [2,3]. These
studies proved that large populations of patients with certain diseases
could be followed, and that the data gathered from these studies could
be used to define different conditions and stages of diseases. The use
of teleophthalmology has also proven to be effective in the areas of
glaucoma and retinopathy of prematurity, among other retinal diseases
[4,5].

The fields of telemedicine and teleophthalmology have greatly
expanded both in their scope and prevalence over the past 20 years.
Telemedicine was first introduced in the area of cardiology in 1989
[6] and has since undergone rapid development and widespread
adoption in many areas of medicine. It enabled physicians to extend
their capabilities in situations where they would not have been able
to do so previously. In 1990, a mobile cellular version of telemedicine
was released [6]. The use of cellular devices has become increasingly
popular in the medical field. A 2010 survey showed that ninty nine
percent of health professionals had mobile phones, of which eighty
one percent were smartphones [7]. Currently, portable smartphones
with attached devices capable of taking funduscopic photographs
have shown widespread usage. Applications on smartphones allow
for patient education and testing of visual acuity, color vision, Amsler
grid, astigmatism, and contrast sensitivity. The field of robotics has also
experienced a rapid growth in technology and is now being utilized as a
platform by which ophthalmoscopy or ocular exams can be performed.
This advanced technology enables live-stream and store-and-forward
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imaging with an ophthalmoscope attachment. With mobile platforms,
the use of teleophthalmology can allow direct one on one feeds between
the physician and patient.

There is a current need for emergency teleophthalmology services
in remote and underserved areas [8-9]. Hospitals and clinics that
do not have access to ophthalmologists may lead to patients being
improperly diagnosed or improperly transferred to another facility
where an ophthalmologist is available for consult. A way to avoid this
would be to integrate mobile teleophthalmology services in these areas.
Emergency teleophthalmology services were used to identify urgent
cases at a hospital in Brazil [10]. Eighty-five percent of patients were
correctly identified as being urgent or nonurgent cases. Two percent of
patients were misinterpreted as non-urgent cases and thirteen percent
were misinterpreted as urgent cases. The limitation of the study was
that the images were taken with a cellphone and +60 diopter lens,
which was better suited for detecting anterior segment diseases. A
recent comparison of technical specifications was made between several
handheld and smartphone-based fundus cameras [11]. However the
issues of utilization and image quality were not addressed. This study
compares two of these mobile systems (Welch-Allyn Panoptic and
JEDMED Horus Scope attached to an InTouch Lite robotic system)
compared to a traditional in-office fundus photography system (Zeiss
Visucam NM/FA), with the intention of determining the feasibility
of integrating emergency teleophthalmology services into more rural
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clinics and hospitals.
Materials and methods

Instruments

The remote modalities include the Welch-Allyn Panoptic 11820
(Welch-Allyn, Skaneateles Falls, NY, USA) attached to an Iphone 4
(Apple Inc., Cupertino, CA, USA), and a JEDMED HD digital camera
with a Horus Scope fundus attachments (Jedmed Instrument Co, St.
Louis, MO, USA). The JEDMED system was linked to an InTouch
Lite robot (InTouch Technologies, Inc., Santa Barbara, CA, USA). The
stationary fundus camera used as the control was a Zeiss Visucam NM/
FA (Carl Zeiss AG, Oberkochen, Germany).

Remote Capabilities

Images from the Visucam could be seen from an in-network VNC
viewer (RealVNC Limited, Cambridge, UK) enabled from a desktop
computer or Ipad. They could also be exported and sent via HIPAA
secured email or mail. Images from the Horus Scope could be seen
from the InTouch Health HIPAA secure application on a smartphone
or desktop. Images from the Welch-Allyn could be sent from a HIPAA
secure application on the Iphone, such as OnePass (Emerge MD Inc.,
Phoenix, AZ, USA).

Methods

Examinations were conducted in an ophthalmology clinic over
a period of one year. The patients were dilated with cycloplegics and
images from all three modalities were obtained by an experienced
ophthalmic technician. All patients received subsequent indirect
ophthalmoscopic exams from an ophthalmologist to correlate the
findings.

Results

The three modalities were compared in terms of portability,
resolution, price, stereoscopic capability, anterior segment capability,
ease of use, image quality, field of view, live stream capability, and store
and forward capability (Table 1).

With careful analysis, the readability of the JEDMED system was
very close to that which was obtained by the Zeiss system (Figure 1).
After some training, the device was manageable to use. There were no
circumstances where information that was lost was felt to be critical
to the study. A larger field of view of the fundus could be obtained

by taking multiple images and collecting them with a collage program.
This made for high resolution imagery and the ability to detect
small defects (Figure 2). It was also adequate in capturing external
photographs (Figure 3). One of the features of the JEDMED is that it
could be attached to the robotic InTouch Lite system. It was the more
favorable candidate, since it would allow for a full livestream interview
with patients so as to give the doctor a more holistic view of the medical
problems that the patient had, not just an internal view of the patient’s
fundus. As far as the issue of expenditure, the JEDMED is significantly
more expensive than the Welch-Allyn.

The initial exposure to the Welch-Allyn was useful but there were
distinct limitations. It was adequate in training students on how to use
an ophthalmoscope, however its utility was limited by the resolution
of the camera. The field of vision oftentimes limited the visibility of the
retina, and the image was too pixelated in the key principle locations
(Figure 2). It did prove useful as an anterior segment device looking for
small features in the cornea, anterior chamber, or conjunctiva (Figure
4). It was also difficult to operate the handheld - trying to stabilize the
instrument while obtaining clear focus for capturing the image. It has
great potential, however a much higher resolution is needed in order
for it to become more acceptable.

Both instruments were able to detect a great deal of pathology
from both the anterior segment and the retina. Images obtained from
the devices resulted in diagnoses of corneal ulcer, corneal opacity,
corneal edema, corneal abrasion, recurrent corneal erosion, herpes
zoster keratitis, corneal foreign body, bacterial conjunctivitis, viral
conjunctivitis, episcleritis, hyphema, hypopyon, synechiae, vitreous
hemorrhage, choroidal nevus, Hollenhorst plaque, hypertensive
retinopathy, central retinal artery occlusion, central retinal vein
occlusion, branch retinal artery occlusion, branch retinal vein occlusion,
diabetic retinopathy, hard exudates, dot and blot hemorrhages, flame
hemorrhages, retinal hemorrhages secondary to anemia, drusen, retinal
edema, histoplasmosis, macular degeneration, anterior ischemic optic
neuropathy, traumatic optic neuropathy, papilledema, optic neuritis,
and optic nerve cupping.

Discussion

The development and utilization of telemedicine devices has

Table 1. Comparison of the Zeiss Visucam NM/FA, JEDMED Horus Scope, and Welch-Allyn Panoptic 11820 [4-12].

Zeiss Visucam NM/FA
Portable No
Resolution 1280 x 1024 pixels
Price $$8
Stereo Capability Yes
Anterior Segment Capability No
Ease of Use Easy
Image Quality Excellent

Field of View 30, 45 degrees
Live Stream Capability No

Store and Forward Capability Yes

New Front Ophthalmol, 2015 doi: 10.15761/NFO.1000102

JEDMED Horus Scope Welch-Allyn Panoptic 11820
Yes Yes

1920 x 1080 pixels 640 x 960 pixels

$3$ $

No No

Yes Yes

Slightly Difficult Difficult

Very Good Poor
40 degrees 25 degrees

Yes No

Yes Yes
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A comparison of the funduscopic images taken of a patient diagnosed with Histoplasma
capsulatum retinitis with the Zeiss (left), JEDMED (middle), and Welch-Allyn (right)
cameras.

Figure 1. Comparison of funduscopic images.

A comparison of the funduscopic images taken with the Welch-Allyn (left) and JEDMED
(right) cameras.

Figure 2. Comparison of funduscopic images.

Figure 4. External images taken with the Welch-Allyn Panoptic 11820.

rapidly evolved over the past two decades. The explosive growth of
technological development in telecommunications and optoelectronics
has culminated in the ability of synchronous telemedicine capabilities
from a wireless device to a central viewing site or monitoring service.
There are many diseases that teleophthalmology shows great usefulness
for, especially in the area of the retina. Current teleophthalmology
services are successful for the detection and early intervention for
diabetic retinopathy [3], however teleophthalmology services have the
capability of extending beyond this. The extension of evaluation to the
anterior portion of the eye has been of great utility. The disease entities
that can be monitored have greatly expanded from internal diseases to
abnormalities involving the cornea, conjunctiva, iris, anterior chamber,
and lens.

The evaluation of both the anterior and posterior portions of
the eye is useful in emergent and urgent settings. The emergency
department evaluates many ocular injuries and illnesses such as
chemical burns, corneal ulcers, iritis, optic neuritis, papilledema,
retinal artery or vein occlusions, vitreous hemorrhage, traumatic
optic neuropathy, macular degeneration, epiretinal membranes, or
glaucoma. If an ophthalmologist is not present at the hospital, many of
these patients get referred for ophthalmologic follow up at an alternate
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location. Of these patients, the amount that are actually seen is difficult
to assess. An evaluation of these numbers were determined from a

trauma center in Brooklyn, NY between June 2003 to October 2005
[15]. Sixty percent of emergency patients, fifty-seven percent of trauma
patients, and sixty-six percent of nontrauma patients followed up with
an ophthalmologist. Teleophthalmology services in cases such as these
would allow for immediate detection and treatment of ocular injuries
and diseases, which would ultimately improve patient outcomes.

In order to assist the physician with making the correct diagnosis,
it is crucial for the equipment to be easy to use, reliable, and accurate.
Of the mobile devices that were tested, the JEDMED attached to the
InTouch Lite robotic system has overall better function than the
Welch-Allyn. The JEDMED is easier to use, has live-stream capabilities,
and offers higher resolution. The ability to connect directly to remote
patients allows the ophthalmologist to obtain a complete history and
physical in addition to being able to view the funduscopic and anterior
segment images. Therefore, this device seems to be the most promising
in its ability to extend into more hospitals that have robot capabilities.
The Welch-Allyn is a suitable option for the clinical setting, as it is less
expensive and can be easily modified. The issue of pixelation can be
solved with a higher resolution camera opposed to the Iphone 4’s 5
megapixels. Livestream consultations can be accomplished viaa HIPAA
secured online video feed and VNC connection between clinics. These
adjustments would create a suitable device for the delivery of specialty
healthcare to more remote clinics.
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