reammg From the OR

Usmg a Plug-and-Play Device

An inexpensive device could lead to improvements in surgical education.

BY EDWARD 3. LU, BA; JOHN B. MILLER, MD; S.K. STEVEN HOUSTON 111, MD; AND JOHN W. KITCHENS, MD

he COVID-19 pandemic has highlighted the possibil-

ity of using telemedicine in ophthalmology to limit

in-person visits and prioritize the safety of our patients

and staff members."? With many elective operations

canceled or postponed, educational conferences and
didactics transitioning from in-person to virtual, and reduc-
tions of nonessential personnel in the OR, there is a need to
adapt and improve the surgical curriculum of clinical fellows,
residents, and medical students.>* Video-based education,
virtual didactics, and virtual simulation are some of the com-
ponents that can be employed in a multipronged approach
to redesigning surgical education.® Other innovative solu-
tions include implementing a flipped virtual classroom
model, providing online practice questions, and engaging
residents in telehealth clinics.”

Hands-on learning in the OR cannot be replaced, of
course, but technological advancements in hardware, soft-
ware, and transmission capabilities make telesurgery a prom-
ising tool to improve virtual surgical education.

Previously in Retina Today we have discussed the benefits
of transitioning to a heads-up 3D surgical platform (Ngenuity
Visualization System, Alcon) and the use of a 5G cellular net-
work to broadcast high quality vitreoretinal surgery to a remote
location.? In this article, we explore the potential value of
telesurgery in improving the educational experience of clinical
trainees. We present our experience with a user-friendly, off-the-
shelf video capture device that enables clinicians to seamlessly

livestream surgeries from the OR. We review how to capture,
transmit, and view live surgery using this plug-and-play solution
in an effort to enhance surgical education.

Video Capture

The Magewell USB Capture HDMI 4K Plus (Figure) is
an inexpensive, commercially available ($459 on Amazon.
com) plug-and-play device that enables transfer of 4K
resolution video from an HDMI source to a computer for
livestreaming. We have been using the input source in the
OR from the Ngenuity 3D surgical platform connected to
the Magewell device, with output of surgical video to a

AT A GLANCE

» New uses of telemedicine have emerged during the
COVID-19 pandemic.

» A plug-and-play device can be used to stream live video
from the OR to a distant audience of fellows,
residents, and medical students.

» The technology could also be used to offer consultation to
surgeons in areas with limited access to specialty care.
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Figure. Design of the Magewell device used in the OR. Source: Magewell.

MacBook Pro. The device is compat-
ible with Windows, Linux, Mac, and
Chrome OS operating systems.

The Magewell interface features
input resolution up to 4,096 x 2,160
pixels, loop-through HDMI signal,
and audio input via microphone, and
extraction of HDMI embedded audio
output via headphones. The device is
compact (5.4 x 5.3 x 1in), light (8 0z)
and can function continuously for 24
hours, 7 days a week, without an exter-
nal fan or other cooling mechanism, as
it has a built-in cooling fan.

Transmission

Two-dimensional or 3D video (using
Ngenuity) can be transmitted using
open-source software such as OBS
or commonly used platforms such as
Zoom, YouTube, and Facebook Live to
broadcast live surgery. We have been
piloting the use of Zoom to transmit
vitreoretinal surgical cases to viewers
in several states in the United States
and in other countries.

Zoom has the benefit of allowing
real-time discussion during surgery.
Zoom provides high level end-to-end
encryption with AES 256 GCM trans-
port encryption for an added level of
privacy and security.

We have also explored the use of
YouTube Live private channels to
allow multiple viewers to attend live
surgery channels; however, latency on
YouTube varies from 10 to 30 seconds,
thus precluding real-time discussion.

Other supported software that can
record or transmit 4K video captured
by the Magewell device includes VLC,
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vMix, and XSplit. Video processing
features of the system include crop-
ping, scaling, deinterlacing, aspect
ratio conversion, and color format
conversion, allowing a high degree of
video editing if desired.

Viewing

Viewing options include 2D and 3D,
depending on video transmission type
and viewing hardware and software.
The Magewell device supports extrac-
tion of 3D format information, including
side-by-side (SBS), top-and-bottom, and
frame-packing (single frame) 3D modes.

Viewers can use a desktop or lap-
top computer to watch 2D video or
choose a 3D viewing experience on a
desktop or laptop by using video soft-
ware conversion to Anaglyph 3D com-
bined with compatible 3D glasses. In
addition, 3D SBS video can be viewed
on a low-cost virtual reality headset
with mobile phone insertion.

VARIED USES |

The Magewell video streaming
device can be used in a variety of set-
tings. Live broadcasting of surgeries
can offer surgical training to a wide-
spread audience of remote trainees.
As noted, viewing platforms such
as Zoom allow surgeons to discuss
important aspects of the case, and
trainees have the ability to ask ques-
tions in real time. In addition, the sur-
geon’s view with superimposed instru-
ment settings of the Ngenuity can be
made visible to the audience.

Live video streaming can also be
used for telementoring, to provide
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surgical expertise and remote consul-
tation to geographic areas without
access to specialty surgical care. A
pyramid structure, whereby an expert
retina surgeon is on call to provide
assistance to multiple junior surgeons
operating in remote locations, could
be used to improve access to special-
ized surgical care for difficult cases and
improve surgical outcomes.

Furthermore, use of this video cap-
ture technology may offer a practical
tool to address disparities in global sur-
gery by improving surgical education.’
An anterior segment colleague, Kevin
M. Barber, MD, has demonstrated suc-
cess using the Magewell device and our
protocol to train cataract surgeons in
Honduras with real-time communica-
tion. Thus, this plug-and-play technol-
ogy has the potential to democratize
access to specialty surgical care and
education on a global scale.

FUTURE DIRECTIONS

The Magewell video capture device
offers a simple solution to live-stream-
ing vitreoretinal surgery with applica-
tions in surgical education, telemen-
toring, and remote consultation, on
both a local and global level.

Robotic ophthalmologic surgery
is still in its nascency, but the use of
robotic assistance and smart instru-
ments has the potential to improve
the precision and safety of vitreoreti-
nal surgery."" Livestreaming of robotic
surgery may become an important
tool to teach novel surgical approach-
es to trainees while allowing feedback
and discussion.
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With the growth of video-based and virtual education,
imagine a future in which trainees can tune in live to cases
from across the globe based on their individual learning
needs and preferences. With telesurgery expanding access to
expert surgical education, in the future, surgeons will be able
to gather more surgical knowledge and virtual experience
before entering the OR in person. m

1. Saleem SM, Pasquale LR, Sidoti PA, Tsai JC. Virtual ophthalmology: telemedicine in a COVID-19 era. Am J Ophthaimol.
2020;216:237-242.

2. Safadi K, Kruger JM, Chowers |, et al. Ophthalmology practice during the COVID-19 pandemic. BMJ Open Ophthalmol.
2020;5(1):¢000487.

3. Ahmed H, Allaf M, Elghazaly H. COVID-19 and medical education. Lancet Infect Dis. 2020;20(7):777-778.

4. Al-Jabir A, Kerwan A, Nicola M, et al. Impact of the coronavirus (COVID-19) pandemic on surgical practice - Part 1. Int J
Surg. 2020;79:168-179.

5. Theoret C, Ming X. Our education, our concerns: The impact on medical student education of COVID-19. Med Educ.
2020;54(7):591-592.

6. Coe TM, Jogerst KM, Sell NM, et al. Practical Techniques to adapt surgical resident education to the COVID-19 era. Ann
Surg. 2020,272(2):e139-e141.

7. Chick RC, Clifton GT, Peace KM, et al. Using technology to maintain the education of residents during the COVID-19
pandemic. J Surg Educ. 2020;77(4):729-732.

8. Houston SKS Ill, Miller JB. Real-time remote surgical proctoring made possible over a 5G network. Retina Today.
September 2019.

9. Lu ES, Houston SKS ll, Rahimy E, Miller JB. Telehealth implementation in retina practices during COVID-19. Retina Today.
May/June 2020.

10. Meara JG, Leather AJM, Hagander L, et al. Global surgery 2030: evidence and solutions for achieving health, welfare,
and economic development. Lancet. 2015;386(9993):569-624.

11. Channa R, lordachita |, Handa JT. Robotic vitreoretinal Ssurgery. Retina. 2017,37(7):1220-1228.

S.K. STEVEN HOUSTON IlI, MD

m Vitreoretinal Surgeon, Florida Retina Institute, Orlando, Florida
m Editorial Advisory Board Member, Retina Today

= shouston3@gmail.com; Twitter @TriEyeDoc

= Financial disclosure: Advisor, Consultant (Alcon)

JOHN W. KITCHENS, MD

m Partner, Retina Associates of Kentucky, Lexington, Kentucky
m Editorial Advisory Board Member, Retina Today

= jkitchens@gmail.com

= Financial disclosure: None

EDWARD S. LU, BA

m Medical Student, Harvard Medical School, Boston

= Research Fellow, Harvard Retinal Imaging Lab, Boston
m edward_lu@hms.harvard.edu

= Financial disclosure: None

JOHN B. MILLER, MD

m Assistant Professor of Ophthalmology, Harvard Medical School, Boston

m Director of Retinal Imaging, Massachusetts Eye and Ear, Boston

= Principal Investigator, Harvard Retinal Imaging Lab, Boston

= President and Cofounder, HealTheia

= john_miller@meei.harvard.edu

= Financial disclosure: Consultant (Alcon, Allergan, Genentech, Heidelberg, Zeiss);
Employee (HealTheia)

OCTOBER 2020 | RETINA TODAY 49



