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Background:Live streaming surgery is a developing communication platform in
medicine. To maximize the technological advances that allow for the live streaming
of surgery, it is crucial to have an understanding of the various video-capturing de-
vices that are available and their pros and cons of implementation. Possible barriers
to thewidespread use of live streaming surgery include cost, concerns about patient
safety and privacy, and limited understanding of the current available resources. In this
article, we present the results of our literature review of techniques for live streaming
of surgery as a means to inform readers and promote their implementation.
Methods: We conducted a literature review of the literature to identify previous
articles indexed in PubMed and Ovid. We used the following search terms: [Sur-
gery AND Streaming], which generated 32 articles for initial review. References
were reviewed within each document to find similar articles that were not cap-
tured by the initial search. The article selection criteria were peer-reviewed publi-
cations, case reports, and case series describing the use of live surgical streaming
technologies.
Results: Literature review showed enhanced surgeon interaction with viewers
and improved anatomy scores with the widespread use of live streaming. Sur-
geons reported positive feedback and wished to engage in more sessions in the
future. The largest barriers to implementation of streaming technology are video
quality through the Internet and patient information protection.
Conclusions: Live streaming of surgery for educational purposes has not been
widely accepted in surgical training programs to date. Streaming accessibility
has advanced over the past 2 decades with the availability of handheld mobile de-
vices. However, little has been done to allow for live streaming of surgery to
trainees in a manner compliant with the Health Portability Insurance and Ac-
countability Act.

Key Words: distant learning, GoPro, live stream, live streaming, live surgery,
livestream, livestreaming, medical education, remote learning, stream, streaming,
surgical training, technology in medicine, teleconference, zoom
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S treaming of live surgery is an evolving tool used in surgical educa-
tion. Advances in technology and network speeds have allowed for

live surgery to be an adjunct to modern training. Surgical live streaming
promotes access to surgical expertise for trainees at all levels including
medical students, residents, and fellows.Moreover, the COVID-19 pan-
demic has fostered the advancement of live streaming and teleconfer-
ence systems such as Zoom, Cisco, and Google Meets, among
others.1 Tomaximize the utility of the technological advances that allow
for the live streaming of surgery it is crucial to have an understanding of
the various video-capturing devices that are available on the market.
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Our review showcases devices such as smart glasses, the Raspberry
Pi, and the GoPro as some available video-capturing devices that may
be used for live surgical streaming.

Although the benefits of surgical streaming are clear, live
streaming has seen limited use by surgeons.2 Limitations include cost,
expertise, equipment challenges, and concerns for Heath Insurance Por-
tability and Accountability (HIPAA) violations.2 In this article, we pres-
ent the results of our literature search reporting the evolving techniques
for live streaming surgery as a literature review.

METHODS
For this literature review article, we conducted a comprehensive

literature search to identify previous articles by indexing PubMed and
Ovid. There were 3013 articles found using Pubmed and Ovid search
using the search terms: Surgery AND (Stream OR Streaming). Refer-
ences were reviewed within each document to find similar articles that
were not captured by the initial search.

Eligibility for Inclusion
Live streaming is defined as online streaming media simulta-

neously recorded and broadcast in real time.3 The article selection
criteria were peer-reviewed publications, case reports, or case series
using technology and live surgical streaming, and articles reporting in-
novation and novel use of technology for live-surgical streaming. Arti-
cles were excluded if they were recorded but not broadcast in real-time,
duplicate articles, and if they did not discuss use of novel streaming
technique for the use of surgical education.

RESULTS
There were 3013 articles found using Pubmed and Ovid search

using the search terms: Surgery AND Stream OR Streaming. Of the
3013 articles, 2713 articles were not related to surgical streaming tech-
nology and were narrowed to 300 articles. We further reviewed the arti-
cles and found only 30 articles about surgical streaming and medical
education. Further review of the references in these articles captured 2
more articles that were not found on initial search, and they were added
to the literature review (Fig. 1). Table 1 documents the various live
streaming platforms used by the different surgical specialties in chrono-
logical order.

Progression of Streaming Technologies
Live streaming surgery began with Isidor Schwaner Ravdin at

the University of Pennsylvania when he broadcast the first surgery on
television in 1952 with television cameras in the OR.26 This initial op-
eration showed the potential of live-streaming surgery and drew interest
from the general public and medical practitioners alike. The first docu-
mented case of surgical streaming was performed in 1965 by Dr.
DeBakey when he live streamed an aortic valve replacement via satel-
lite approach with interactive telecommunication with surgeons in
Europe.27 The first clinical trial evaluating the efficacy of telecommuni-
cation of surgical education was published soon thereafter.28 Telecon-
ferencing systems of various kinds were set up all over the world
including Norway,29 Italy,30 Brazil,31 Singapore,21 and many more.
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FIGURE 1. Inclusion criteria for literature review article.
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Although these were the first steps in establishing clinical telementoring,
they were clunky, expensive, and inaccessible to the average consumer.

Use of the World Wide Web and affordable consumer technol-
ogy to stream surgery was first used in 2002 by Gandsas et al4 at the
University of Kentucky Medical Center. Initial technologies relied on
a handheld computer and a video hub managed on a private local area
network (LAN) linked together via Ethernet cables.4,12 The streaming
capabilities of this early system was limited by central processing units
(CPUs) that could only render images up to 15 frames per second (fps)
with an average Internet speed of 150 kbps.32 There was substantial lag
time and reduced image quality that halted using live streaming as an
educational tool at this time, as well as the lack of wireless access. Fur-
ther advances to these technologies occurred as hardware and connec-
tion speeds improved.

The first use of desktop computers for wireless live streaming
was demonstrated in 2007 by Schneider et al.6 The system was trans-
mitted through awireless LAN (WLAN) access points, which provided
a connection speed of 11 Mb/s. The video streaming was used through
Siemens and sent to a Pocket personal computer (brand: PocketLoox
600 of Fujitsu, Fig. 2).6 Thiswas an improvement on previous advances
as it allowed clear definition of operative techniques and structures.
Eighty-two percent of structures were able to be clearly identified via
live streaming.6 The primary limiting factor at this time was the inverse
relationship between distance and connection speed.

In the more modern era, the market has primarily narrowed itself
down to 2 main technologies: smart glasses, the most famous being
Google Glass, and action point cameras, such as the GoPro. These 2
technologies are the most well-studied means of live streaming surgery.

Smart Glasses
Smart glasses are wearable glasses that contain small computers.

They typically contain a video camera that can record and display what
the viewer is seeing within the glasses themselves for an immersive ex-
perience. Their application for live streaming operative cases is appar-
ent as surgery can be recorded in a first-person perspective. The first
recording of plastic surgery via smart glasses (Google Glass) was per-
formed on October 29, 2013, by Dr. Rosenfield for lower lid blepharo-
plasty.9 The first live stream via Google Glass through Google
Hangouts was done by Dr. Ponce at the University of Alabama for a
shoulder replacement surgery on September 12, 2013.9,33 Hiranaka
et al16 used Infolinker Smart-Glasses which transmitted the video stream
through the web browser. Smart glasses have been used in a wide-variety
of operations8,11,14,17,20,22 and clinical applications (Fig. 3).

One of the major advantages of Smart glasses is the ability to see
the point of view of the surgeon. Learners can see a first-person point of
view from an expert surgeon. Students can have improved visibility of
difficult to view areas of the operation. An additional benefit is augmented
reality, where a surgeon can allow another surgeon tovirtually superimpose
2 www.annalsplasticsurgery.com
their hands within the surgical field to provide intraoperative guidance.34

Intraoperatively, surgeons can verify recording and interact with viewers.
Quality is improved compared with other methods. These devices are
hand free and allow the surgeon to work without disrupting aseptic tech-
nique. They are additionally user-friendly. All the surgeon has to do is
place the glasses on, and no further adjustments are needed.

There are a few disadvantages to these devices. The biggest hin-
drance is image quality, which is dependent on network speed. Hiranka
conducted 3 trials with the video quality ranging from 320� 240 with a
frame rate of 5 fps to 640 � 480 with a frame rate of 15 fps.16 Image
quality has been described as inferior to digital single-lens reflex.35 Battery
life has been shown to be limited to 8.5–10 hours throughout the day and
2.5 hours in the OR. As of this writing there have been a few battery packs
that extend the life of these glasses. Lighting and audio quality are generally
limited and require an attached light-emitting headset and audio-canceling
headphones, respectively. These issues—especially privacy—were some of
the reasons Google stopped production for mainstream consumption36;
however, Google has since been reintroduced for manufacturing and
healthcare sectors looking to streamline workflow.37

Raspberry Pi
Chaves et al38 developed a system that wirelessly streams sur-

gery using a Raspberry Pi device. A Raspberry Pi is a mini single board
computer that can be used for a variety of purposes, depending on their
programming. Chaves' hardware included a Logitech C270 webcam, a
Raspberry Pi 2model B using Linux operating system (Fig. 4), awireless
adaptor, and a battery. The videos were streamed using Mjpeg-streamer,
which is a streaming application designed for devices with limited CPU
and random accessmemory space. Because of the small CPU andmemory
of the Raspberry Pi, the images are transferred through hypertext transfer
protocol to web browsers using motion JPEG (MJPEG) streaming.38

The primary advantage of this set up is that it is cost-effective
and the entire setup costs around $100. This provides an affordable,
yet effective means of transmitting live streamed surgical procedures.
They were able to achieve high video quality using a HD 720p capture
with a transmission speed of 150 Mpbs with addition of a 4-dBi an-
tenna. The stream was able to connect to multiple computers to live
stream the surgery.

The primary disadvantage to this setup is a lack of audio. At the
time of this writing, no means of transmitting audio or interacting with stu-
dents has been incorporated. The Mjpeg-streamer lacked a way to stream
audio concurrently with video; however, incorporation of audio is in devel-
opment.38 The authors noted streamquality can use improvement aswell.38

Go-Pro
Go-Pro HERO system is one of the leading commercially avail-

able action cameras. Bizzotto et al7 were the first group to do a point of
view test of the Go-Pro in orthopedic and general study. Since that study,
Go-Pros have been used extensively in surgical recording and education, as
the device has a base unit cost of $400 and is easy to use. Go-Pros have been
used to record and transmit various specialties, such as orthopedic,7,15

neurosurgery,20 otolaryngology,23 opthalmology,18 and many others.
One of the advantages is the image quality as GoPro can record

using 4K SuperView and has a built-in microphone for audio record-
ing.18 The device is portable and easy to use and does not have a steep
learning curve. A companion application allows the surgeon to calibrate
the camera's focus to the surgeon's working distance. Battery life ranges
with high-quality video recording has ranged from 1.5 to 14.5 hours.23

GoPro recorded surgery with subsequent review from attending sur-
geons lead to a 90% satisfaction rate among residents in addition to
80% finding areas to improve upon in surgery.24 In a feasibility study-
ing comparing GoPro Hero 4 silver, Google Glass, and Panasonic Hx-
A100, the GoPro had the highest quality of video.20

Go-Pro does have limitations. Operating room lights can overex-
pose the video and requires extensive adjustment before proceeding
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. First PocketPC used for surgical streaming
(5.2 � 3.2 � 0.7 in, 6.2 oz).

FIGURE 4. Raspberry Pi that can be purchased and used for
surgical streaming.
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with the surgical case, but this is typical with most video systems. Head
and camera position need to be adjusted and are challenging to change
once starting the case. Theweight of the device and the compression of the
elastic band can also lead to increased surgeon discomfort and fatigue.19

Previously, there was no means of using Go-Pro to live stream a
surgical case until this year. An emerging technique combines Go-Pro
and Zoom streaming technology. Jack et al24 and Yuen et al25 were able
to stream surgical cases via Zoom access. Jack et al successfully was
able to demonstrate the use of Zoom and GoPro; however, they were
still primarily tethered which could hamper surgeon ease of access.
Yuen et al. showed that this can be done untethered (Fig. 5). A GoPro
camera mounted on a headlight was connected to a wireless transmitter,
which then sent video feed to the laptop via its USB-attached wireless
receiver.25 The headset was connected to a waist holster with a battery
and transmitter via HDMI and power cords, allowing the surgeon to
be untethered to any stationary device or power source.25 Another ad-
vantage of this technique is it is HIPAA-compliant, cost-effective, and
FIGURE 3. Use of smart-glasses in live-surgical streaming.25
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fast and independent way to live stream long operations for residents
and students. In addition, the setup is light weight and allows for inter-
action between the surgeon and the learners.

Future Innovations
Although the field of live streaming surgery is new, a new idea

that has developed some traction in the last year is virtual reality (VR)
streaming of surgery. Virtual reality is the use of computers to simulate
a realistic environment. Tokyo's Women Medical University recently
pioneered with a streaming company to live stream a surgery in
VR.40 Learners can put on a VR head-set and look in any of the com-
posite fields recorded by the 360° camera located in the OR. They are
fully immersed in the OR and can turn left and right and see the operat-
ing room surroundings. Virtual reality as a means of surgical education
has already been well documented and is the newest means of training
surgery residents and students.39 Live streaming cases via VR can allow
learners to feel more comfortable in the OR from the office or home.
Although the use of VR may be more cumbersome in the setting of ob-
servation and learning of a specific surgery, the technology is exciting
and offers a new way for learners to engage in their education.

DISCUSSION
The capability to live stream surgery can help trainees to learn

surgical techniques, in real time, with an unparalleled first-person view.
This approach combines theater observation, group discussion, and di-
dactic lecture format in 1 modality. Learners can see the anatomic struc-
tures and interact with instructors as they try to comprehend anatomy. In
addition, they can watch and understand operative technique as they see
approach through the surgeon's eyes while being able to clarify with
colleagues and other instructors. The surgeon can engage with students
in the OR. Hu et al41 conducted a cohort study on students (n = 365)
who attended live streaming sessions alongside dissection demonstrated
that regular attendees had significantly higher scores on clinical-anatomy
testing (P < 0.05), which showcased the efficacy of this learning method.
This method can be incorporated into existing medical school curriculum
to streamline education. Surgeons also benefit greatly from watching
these procedures.12 In a survey of 32 surgeons viewing a live streamed
surgery, 96% reported the surgery as an excellent viewing experience,
92% reported comfort in doing the surgery after watching the procedure,
and 100% wanted to participate in an additional live streaming surgery
again.42 Most importantly, live streaming surgery do not have a negative
effect on patient outcomes, as seen in 1 article that analyzed patient out-
comes after heart surgery43 and another article that looked at live robotic
surgery outcomes.44 These guidelines were created to ensure these
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 5. Use of Go-Pro in live-surgical streaming.39
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teaching methodologies will not compromise patient safety. Besides
medical students and residents, live streaming surgery educate patients
and their families on the operations about which they are apprehensive.45

Most articles have expressed decrease in image quality varying
on network speed. Although this has been fixed somewhat by improve-
ment in camera quality, the limiting factors expressed in most articles is
still the ability to upload the information and stream it seamlessly. Pos-
sible ways to address these issues may include improvement of com-
pression algorithms and updating network infrastructure. As early as
2007, use of HD equipment and fiber optic cables with network band-
width of 1.6 Gbps lead to 92% surgeon satisfaction in image quality.46

5G is a new development in the area of streaming. 5G networks deliver
1000� higher mobile data volume per area, 100� higher number of
connected devices, 100� higher user data rate, 10� longer battery life
for low power massive machine communications, and 5� reduced End-
to-End (E2E) latency.47 Requirements for telehealth and telesurgery in-
clude 4K/8K video streaming with low-latency and low jitter with a se-
cure, uninterrupted network access.48 Current 5G technology uses
Multiple Input Multiple Output and Ultra Reliable and Low Latency
Communication, which sends and receives multiple data transmissions
to enhance data transmission at low latency.47,48 New algorithms and
technology are beginning to use a collection of 5G small cells to pool
data to transmit multilayer, 360° video content to mobile VR clients
at high quality.49 5G has already been used with success in a “track
and trace” program in the OR with high feasibility and accuracy and
with successful data streaming at rates sin of 900 kb to 1 MB/s with la-
tency of 2 to 60 ms.50 Studies like this show the potential for wide-
spread access to surgical streams that extends to mobile platforms.

An additional concern includes protecting patient information.
Although it may be easier to use systems, such as Google Glass and
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
Google Hangout, to transmit information, these techniques are not supported
under HIPAA. This risks a breach of information that puts the patient at risk.
There have been a feworganizations like the American Association for Tho-
racic Surgery Ethics Committee51 that requires specific criteria before live
streaming surgery. Alternatives include deferred live streaming and prere-
corded surgical cases; however, students will miss opportunities to interact
with the surgeon during the case. Using HIPAA-compliant software already
existing on the marketplace can be an effective way to address this issue, as
done by Yuen et al25 while remaining untethered. Although there are
justifiably many concerns, such as operator interruption, additional
stress, and case timing, ultimately patient safety and privacy are most
important and are up to the discretion of the surgeon.

Finally, there are ethical concerns regarding the use of the video.
What happens if an adverse event was recorded? Can the patient de-
mand to see the recording afterwards? Should patient be concerned
about lower-quality care if they say no? Establishing guidelines for sur-
gical streaming can protect patients against HIPAAviolations while im-
proving care. A novel set of guidelines for streaming surgical content
has been developed for surgical streaming.52 The following guidelines
expand on these guidelines in the context of surgical streaming:

1. Ask for consent to stream their surgical procedure for education or
broadcast. Patients should have the capacity to make that decision
and if the patient cannot make that decision (ie, incapacitated, unre-
sponsive, etc.), streaming should be deferred unless consent can be
obtained from decisionmaker. If the patient is younger than 18 years,
parental consent should be obtained unless the minor is emancipated.

2. The consent should be prewritten in advance and include the type of
streaming, platforms used, protection of this information as a part of
the medical record, and documentation that the patient is allowed to
view later.53

3. Should the patient consent to recording, all identifying information
including face, tattoos, birthmarks, and demographic information should
be censored.54 If the patient agrees to having this information displayed,
an additional provision on the consent document should be added.

4. If possible, all recordings/streamings should be done through
HIPAA-compliant software to further ensure protection of patient
information.

5. Patient has the right to refuse the recording and will not affect their
quality of care.

6. Inform the patient that if the surgery is used online, their images may
be downloaded by others. If the patient requests their video be deleted,
it will be removed from the plastic surgeon's website/page; however,
patients must know that other users may download and view the data.

7. If an adverse event happens, in addition to being preserved in the me-
dial record, the hospital may use the video to learn what happen. Pa-
tients will still be allowed to view the video as this would preserve
beneficence and justice.55

8. Surgeons should follow the standards of professionalism as deter-
mined by the American Society of Plastic Surgeon Code of Ethics

CONCLUSIONS
This article establishes the current technology used in live

streaming andmaps the future of the field. This article educates medical
schools, motivated surgeons, and other clinicians on the variety of
streaming technologies available to use in medical education. Espe-
cially in the time of the COVID-19 pandemic, medical schools have
had to change curriculums to provide students with the experiences
needed to learn about the surgical field while protecting staff and learners
and minimizing consumption of PPE. Although the impacts on medical
education from this pandemic are yet to be determined, it has anecdotally
affected medical student education. This article hopefully provides an
analysis of current technologies with the hope medical schools can pick
which technology suits their budget and medical education needs so
schools can be prepared in case medical disruption is again interrupted.
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Review of the medical literature proved that live streaming of
surgery for educational purposes has not yet been widely accepted in our
medical schools and surgical residency training programs. The technology
to implement streaming has significantly advanced over the past 2 decades,
largely driven by industries' quest to gain market share from the general
public. However, little has been done to configure turnkey devices to allow
for live streaming of surgery in a HIPAA-compliant manner to trainees.
Our review uncovers this shortfall in our medical education system, and
we welcome innovation in merging wearable devices with enhanced adap-
tive streaming protocols andHIPAA-compliant teleconferencing platforms.
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