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Purpose: The COVID-19 pandemic has had a widespread impact on the health sector worldwide, both in the clinical and research
subsector. This has necessitated for the invention of protocols compliant with social distancing policies to efficiently tackle the current
needs. Our aim is to describe a novel remote imaging technique, which helped us continue our research with widefield swept-source
optical coherence tomography angiography (WF SS-OCTA).
Patients and Methods: As a part of this cross-sectional observational study from August 2020 to September 2020 at Massachusetts
Eye and Ear (MEE), we used our institute approved remote desktop, outside of MEE, to gain full access to the on-site WF SS-OCTA
device in the imaging room for the purpose of remote imaging. With only the patient being in the imaging room, effective
communication was established via video conferencing on an encrypted tablet computer device for the entire procedure.
Results: We imaged four patients with various retinal pathologies, aged 32–69 years. All images obtained were of high quality and
signal strength (median score 9/10 for both) and all patients reported a highly satisfactory, comfortable, and safe experience amidst the
COVID-19 pandemic.
Conclusion: This novel method is better for remote imaging compared to the previously described techniques as it is time and cost
effective, requires limited resources without compromising the image quality or patient satisfaction and adheres to the various
guidelines for infection control, most importantly social distancing. As a paradigm shift, this can also be employed in future for
setups with limited staff like busy emergency departments or a rural setup with limited access or difficult commute, in the “new-
normal” era.
Keywords: COVID-19, COVID, teleophthalmology, remote imaging, teleimaging, telemedicine, optical coherence tomography
angiography, retinal imaging, optical coherence tomography

Introduction
The current coronavirus disease 2019 (COVID-19) pandemic led to a city-wide shut down in Boston, MA, USA starting
on March 24th, 2020.1 The shut down on research laboratories was ordered even earlier on March 13th, 2020,2 with
several significant changes in guidelines for both clinical and research practice. Indeed, the Centers for Disease Control
and Prevention (CDC) proposed guidelines on ways to mitigate the spread of COVID-19 like social distancing, wearing
personal protective equipment, and limiting the occupant capacity of clinics, which have resulted in a paradigm shift in
healthcare and research workflow.3,4 The social distancing policies vital to the pandemic control have widely impacted
the health care sector,5–8 in addition to the global economy. Countries or regions with an overwhelmed healthcare system
are in desperate need for safe and effective solutions and alternatives to traditional clinical medicine. The impact has
been exceptionally challenging to the ophthalmology specialty,9–12 which is heavily reliant on diagnostic imaging. In
a busy retina clinic, patients potentially interact with many different staff members (ophthalmic technician, photographer,
clinician, clinical trainee, etc.) while spending between ten to thirty minutes with each member. Social distancing
protocols can be challenging to adhere to during ophthalmic exams and clinical imaging, as the examiner or photographer
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is required to position themselves within a few feet of the patient to operate the device and ensure good image quality. In
addition, many patients have preferred telemedicine, telecare, and digital care, if available.13,14 This unprecedent crisis
with the dire need to protect our health care providers, staff, technicians, and patients have led to invention of new
technologies and mainstreaming of existent virtual ophthalmology practices like telemedicine.15

While we witnessed a profound influence on patient care across the world, both bench side and clinical research faced
an even greater setback. Interestingly, majority of the research laboratories had to shut down except the ones actively
engaging in COVID-19 related research. As an example, our Harvard Retinal Imaging Laboratory, actively involved in
widefield swept-source optical coherence tomography angiography (WF SS-OCTA) imaging research, withheld all on-
site research recruitment from March 14th, 2020, to June 30th, 2020, in compliance with the guidelines.1–4 The
resumption was slow with many patients hesitant to participate because of the resultant increase in their clinic time
duration within close distance of research fellows, even with adequate personal protective equipment and other
precautions. Hence, there was a dire need to develop innovative solutions to meet the needs for research imaging,
simultaneously ensuring the adequate safety of everyone involved. Previously described methods using an extended
High-Definition Multimedia Interface (HDMI) or Digital Visual Interface (DVI) cable16,17 for imaging with social
distancing (15 to 65 feet) have their inherent drawbacks in the ability to communicate effectively with the patients
and requirement of a larger sized room.

Herein, we describe a novel technique for high quality remote research imaging using the latest technological
advancements. The photographer employing the remote connection can be both off-site or on-site in a different room,
while the patient is alone in the imaging room, maintaining adequate social distancing protocols, for both clinical and
research ophthalmology imaging. Thus, this protocol for remote imaging modalities can be potentially utilized uni-
versally in ophthalmology clinics and research throughout the COVID-19 pandemic and after.

Materials and Methods
This cross-sectional observational study was conducted at the Massachusetts Eye and Ear Infirmary (MEEI) from
August 2020 to September 2020. All procedures adhered to the tenets of the Declaration of Helsinki and Health
Insurance Portability and Accountability Act of 1996. The study was approved by the Institutional Review Board of
Massachusetts Eye and Ear Infirmary (2019P001863). A written informed consent was obtained from all patients before
being imaged on the WF SS-OCTA device. For this study, patients with the following diagnoses were included as study
subjects: age-related macular degeneration, myopia, retinal artery occlusion, and retinal vein occlusion. Exclusion criteria
precluded patients aged more than 90 years, inadequate hearing potential, vision <20/200 and any eyes with glaucoma,
dense cataracts, concomitant retinal diseases other than the aforementioned conditions. The patients were imaged on this
device after their regular clinical imaging, and hence the patients were pharmacologically dilated during their initial
assessment and workup by the ophthalmic technicians, as deemed suitable for the clinical exam.

Figure 1 outlines the schema used for remote imaging. A remote desktop was first verified and approved by the MEEI
Research Information Technology (IT) Department to be compliant with the hospital policies and a safe method for using
remotely. This device was set up remotely, outside of MEEI, along with a provision of an encrypted tablet computer
device (iPad, Apple Inc., Cupertino, CA) to a trained research fellow (I.G.). To ensure compliance with Health Insurance
Portability and Accountability Act (HIPAA) guidelines (https://www.hhs.gov/hipaa/index.html), a Network Level
Authentication was implemented for the trained research fellow (I.G.) to use the remote desktop for connecting to the on-
site workstation at the Harvard Retinal Imaging Laboratory at MEEI. This required the institutional secure username and
password for log in. Further, the research fellow utilized the Microsoft Windows Remote Desktop Connection to operate
the 100kHz WF SS-OCTA instrument (PLEX® Elite 9000, Carl Zeiss Meditec Inc., Dublin, CA) via connecting to its
workstation personal computer. To ensure effective communication between the remote research fellow (I.G.) and the
patient, another encrypted iPad (Apple Inc., Cupertino, CA) was set up for patients in the imaging room, to allow for
clear and effective communication with the fellow via hospital approved video conference calls on hospital network
(Zoom Inc, San Jose, California, USA). This enabled real-time, live audio-video synchronous bidirectional communica-
tion between the patient and the fellow for the procedure of entire imaging as well as for imaging review, teaching and
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discussion in the end. At all times, both the on-site workstation and the retinal imaging devices were connected to
a power supply.

Ensuring compliance with the CDC guidelines, another on-site research assistant (R.K.) maintained adequate social
distancing and hygiene protocols, while obtaining verbal and written informed consent for the research study. Of note,
additional explanation during verbal consenting was obtained for patient permission to be imaged by a remote research
fellow. The on-site fellow then accompanied the patient to the imaging room introducing them to the power table with the
imaging device and encrypted tablet computer with the active Zoom video call with the remote research fellow
(Figure 2). Then after the on-site fellow leaves, further instructions were given by the remote fellow regarding their
seating position, head rest, chin rest, chin position, and fixation target (green star) to the patient who was alone in the
imaging room. The remote fellow used the “acquire” button to reach the acquire screen, following which the pre-decided
scan protocol was selected. Further adjustments were made if necessary, using the chinrest controls, live iris viewport,
pupil target, live fundus viewport, auto focus, and optimize button; while simultaneously encouraging the patient to make
sure his/her head was adequately positioned. Following this, images were obtained along with simultaneous encourage-
ment, instructions, and feedback during the imaging. The patients were instructed to blink normally when necessary and
encouraged to close eyes between the various scan protocols to maintain high image quality and avoid artifacts as much
as possible.18 Adequate patient feedback was also obtained intermittently. In the end, the patients were also explained

A

B C

D E

F

Figure 1Workflow schema outlining the novel remote imaging approach used. (A) Both the on-site and off-site fellow communicate with each other as a part of the initial
preparation stage. (B) The remote fellow then uses the institution approved remote computer to access an on-site workstation using the institutional user profile, (C)
further connecting to and gaining full access to the advanced retinal imaging device. (D) Simultaneously, the on-site research fellow explains the study protocol and obtains
a detailed written informed consent, (E) following which they accompany the patient to imaging room with the retinal imaging device and the on-site encrypted tablet
computer device. (F) As the last step, the remote fellow uses the remote desktop to navigate the device for imaging and the remote encrypted tablet computer to
communicate with the patient.
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about their findings on the OCTA scan using the “analysis and reports” screen. All the images were obtained and stored
on the original retinal imaging device. Of note, in circumstances of shortage of personnel, the same fellow consenting the
patient was able to remotely image the patient from the on-site workstation desk (Figure 1C) in a different room on the
same floor, hence maintaining safe distance.

Results
Using the method outlined above, we imaged four patients in the study. Among the four subjects, two patients had
a diagnosis of bilateral non-exudative age-related macular degeneration, one patient had a unilateral central retinal vein
occlusion, and the last one had a history of previous retinal detachment surgery. The patients’ age ranged from 32 years
old to 69 years old, and 50% of them were females (Table 1). Both eyes of all patients were included in the study.

For each subject, Angio 3 mm x 3 mm, 6 mm x 6 mm, and 12 mm x 12 mm OCT angiograms were obtained
(Figure 3). The quality of images taken remotely was measured by the automatic scoring system of the device, displayed
on the quality check screen after completion of imaging. All images obtained surpassed the minimum image quality score
required for our previous publications (7/10) with the median quality score being 9/10. The image quality score ranged
from a minimum of 8/10 to a maximum of 10/10. All images qualified for inclusion in the study. Scan length, depth,
signal strength, and duration were also included as indicators for image quality, provided in Table 1. The scan duration
ranged from 7.2 seconds to 58 seconds (mean 19.7 seconds, median 13.2 seconds).

All patients reported no difficulty in comprehension of the consenting procedures as well as the instructions received
via video conferencing, despite being alone in the room during the entire acquisition procedure. All patients reported
excellent user feedback with the experience and welcomed the effort of the research team to ensure their safety and
effectively implementing the social distancing policy in an otherwise small room which can be an unnecessary source of
anxiety and discomfort. All patients opted in for detailed explanations of their OCTA scans and voiced understanding of
the use of the screen cursor highlighting the regions of interest, being controlled remotely. All patients reported their
experience to be worth their time and effort, along with feeling safe amidst a pandemic.

Discussion
The COVID-19 pandemic has impacted the world tremendously, inducing drastic changes in the practice of clinical
medicine, research, and education. The guidelines set forth by the CDC has simultaneously imposed a significant
challenge to the field of ophthalmology because of heavy reliance on diagnostic imaging being an essential component
of daily clinical practice, research and education.15,19–22 We describe a safe and efficient novel technique for high quality

Figure 2 Representative images of patients being remotely imaged using widefield swept-source optical coherence tomography angiography device by an experienced
research fellow via an institute approved remote desktop. The relevant communication was done via video conference call on an encrypted tablet device with hospital
approved video call application. (Written patient consent obtained for being photographed here for the purpose of publication).
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Table 1 Demographic Characteristics of Patients Imaged Remotely, Along with the Resultant Image Quality Metrics

Patient Number Age (Years) Sex Eye Scan Protocol Scan Length (mm) Scan Depth (mm) Signal Strength Scan Duration
(Seconds)

1 69 Female OD Angio (3 mm x 3 mm) 3 3 9 8.1

Angio (6 mm x 6 mm) 6 3 10 11.6

Angio (12 mm x12 mm) 12 3 9 18.4

OS Angio (3 mm x 3 mm) 3 3 9 11.5

Angio (6 mm x 6 mm) 6 3 10 14.3

Angio (12 mm x 12 mm) 12 3 9 42.4

HD Angio (12 mm x 12mm) 12 6 8 39.7

2 67 Male OD Angio (3 mm x 3 mm) 3 3 8 7.2

Angio (6 mm x 6 mm) 6 3 9 9.4

Angio (12 mm x 12 mm) 12 3 8 9.3

Angio (12 mm x 12 mm) 12 3 8 12.2

Angio (6 mm x 6 mm) 6 3 9 11.9

OS Angio (3 mm x 3 mm) 3 3 9 8.8

Angio (6 mm x 6 mm) 6 3 10 10.2

Angio (6 mm x 6 mm) 6 3 10 11.5

Angio (12 mm x 12 mm) 12 3 9 17.8

Angio (12 mm x 12 mm) 12 3 9 22.2
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Table 1 (Continued).

Patient Number Age (Years) Sex Eye Scan Protocol Scan Length (mm) Scan Depth (mm) Signal Strength Scan Duration
(Seconds)

3 32 Female OD Angio (3 mm x 3 mm) 3 3 9 25.3

Angio (6 mm x 6 mm) 6 3 10 17.6

Angio (6 mm x 6 mm) 6 3 10 12.6

Angio (12 mm x 12 mm) 12 3 9 26.2

OS Angio (3 mm x 3 mm) 3 3 10 8.1

Angio (6 mm x 6 mm) 6 3 10 16.0

Angio (6 mm x 6 mm) 6 3 10 13.8

Angio (12 mm x 12 mm) 12 3 9 34.4

Angio (12 mm x 12 mm) 12 3 9 56.3

4 66 Male OD Angio (3 mm x 3 mm) 3 3 9 9.1

Angio (6 mm x 6 mm) 6 3 10 11.2

Angio (12 mm x 12 mm) 12 3 10 17.1

OS Angio (3 mm x 3 mm) 3 3 9 8.5

Angio (6 mm x 6 mm) 6 3 10 51.0

Angio (12 mm x 12 mm) 12 3 9 58.0

Mean 9.25 19.7

Median 9 13.2
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remote imaging which can allow both the continuation of imaging research as well as clinical imaging during the
pandemic ensuring social distancing protocols. This technique can serve as a foundation for telemedicine based digital
imaging that can be used in future for situations with limited staffing in a busy clinic setting like an emergency
department, or in a distant rural area setup inaccessible or not feasible by an easy commute. This can also be employed
for training and education purposes remotely with new photographers while they are in the imaging room with the
patient. Recent technological improvements like tremendously improved bandwidth of modern internet services, hospital
based virtual private network services, improved video conference call quality, and advanced computer gadgets have
played a key role in patient acceptance, provider comfort and supreme imaging quality. Further, it has been shown that
using a tablet computer device with larger screens over a mobile device results in better visualization and thereby quicker
patient acceptance.15

In recent times, various groups have explored the realm of remote imaging. Zeiss Meditec, Inc. (Jena, Germany)
developed a method to remotely image patients using an extended HDMI or DVI cable that allows photographers to
control the device from approximately fifteen feet away.16,17 This method provides photographers with the option to
image patients while adhering to social distancing guidelines. This technique, however, makes it difficult for photo-
graphers and patients to communicate and requires additional space. Zeiss Meditec, Inc. also employs an additional
method to remotely image patients using the spectral domain Cirrus device with TeamViewer (TeamViewer AG,
Germany). This allows photographers and patients to communicate via video conferencing. However, this method
requires a license for operating TeamViewer in conjunction with the machine by our institution, thus contributing to
an additional financial burden to already existing research protocols.

Figure 3 Representative Angio 3 mm x 3 mm (A), Angio 6 mm x 6 mm (B), 12 mm x 12 mm scans (C), and the Cube 800×800 B-scan (D) from the right eye of patient
number 1 in Table 1, obtained via the remote imaging technique outlined.
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Recently, there have been studies highlighting the emerging applications of portable and handheld OCT systems in
non-traditional settings.23–25 Mehta et al have utilized a web-based user interface being accessed on a cellular phone
mounted to a handheld OCT probe,26 for the wireless control of the imaging device;27 however, it does not meet the
needs of social distancing between the photographer having the OCT probe and the patient. However, with this software,
multiple users can review and control the same imaging session remotely in another remote via the same web-based user
interface on various devices like cellular phone, tablets, or laptop. Another new device, Notal Vision (Tel Aviv, Israel)
Home OCT, allows at-home OCT imaging with direct transmission of data to the ophthalmologist; however, it is not
approved for reimbursement through insurance companies.28 Thus, identifying the most effective method to remotely
image patients during the COVID-19 pandemic has remained a challenge, especially with HIPAA and security concerns.
A benefit of our approach is its cost-effectiveness, as purchasing an additional license or program was not required. As
discussed in our prior work on telehealth implementation, we used Zoom approved for healthcare use because of its
improved privacy (ie, multilayer security with AES-256 encryption) and its ability to integrate with electronic health
records.19 Most importantly, our approach of imaging which included a remote and an on-site fellow, helped us adhere to
the CDC guidelines of adequate hygiene, sanitization, use of personal protective equipment along with social distancing,
and thereby minimize the risk of spread of the COVID-19 virus. Our approach made the patients feel safe and
comfortable with high satisfaction ratings as they are alone in the imaging room.

Despite promising results, our study also has certain notable limitations. First, the sample size is comparatively
smaller, because of the pandemic related decline in the overall number of hospital visits.11 Additionally, it was difficult to
motivate and recruit patients for their participation in clinical research as the overall goal was to keep the exposure time
in clinic setting to a minimum. This is especially relevant for the age group of patients being imaged, primarily having
a diagnosis of age-related macular degeneration. Despite this, the acquired images were consistently shown to be high-
quality as a part of our ongoing prospective study. Also, Zeiss PLEX® Elite 9000 WF SS-OCTA was the only device
assessed for this technique. Compared to other OCTA devices such as SPECTRALIS® (Heidelberg Engineering,
Heidelberg, Germany) and DRI OCT Triton (Topcon corporation, Tokyo, Japan), the PLEX® Elite 9000 WF SS-
OCTA is potentially more suitable for remote imaging as minor chin adjustments are sufficient to maintain focus
while performing imaging. Other machines require manual manipulation of the joystick during the imaging sessions,
thereby presenting an additional obstacle to the development of remote imaging techniques. However, this study with the
PLEX® Elite 9000 WF SS-OCTA may serve as an example to illustrate the high-quality remote imaging on OCTA
devices that can be achieved. With this study, we provide a potential foundation for remote imaging on all other OCTA
devices in the future.

In conclusion, our novel approach for high quality remote imaging not only enables the scientific community to
continue the research, but also allows physicians to continue their diagnostic imaging in Ophthalmology. It can also be
used to prevent the subsequent resurgence of infection with current gradual reopening and relaxation of the CDC
guidelines. Our experience at the time of writing this shows extreme patient satisfaction and good quality imaging, which
has helped us continue our research in a completely redefined fashion during the pandemic, while ensuring safety for all.
We have also employed this method for remotely imaging through a device in our 24-hours emergency department with
similar results. Hence, we hope more providers and institutes will embrace these changes and advancements which are
the need of hour, stimulating innovations to transform health care delivery and efficiently adapt to the new-normal. This
could also mean reliable and efficient home testing models, along with a possibility of self-monitoring on smartphones
via the application of artificial intelligence. While we await such models to develop and be widely available, these
current efforts are likely to have strong impact in making teleophthalmology and telemedicine based digital imaging
more mainstream.

Ethics Approval and Informed Consent
All procedures adhered to the tenets of the Declaration of Helsinki and Health Insurance Portability and
Accountability Act of 1996. The study was approved by the Institutional Review Board of Massachusetts Eye and
Ear Infirmary (2019P001863). A written informed consent was obtained from all patients for being imaged on the
device.
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Consent for Publication
Written patient consents were obtained for being photographed for the purpose of publication.
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