
computed tomography scan and operating theatre was increased in
those suspected of COVID-19.1 All of our patients deserve the best
care feasible. The case fatality rate for COVID-19 infection is
3.1%.2 For major trauma patients, fatality rate is 10.4%, even with-
out COVID.3 This pandemic is far from over, and for this and any
future pandemic response, health services need to keep mindful that
although trauma admissions may decrease, and the mechanisms of
injury may alter, they will not go away. The same could be
predicted for other emergent surgical conditions. I would echo other
clinicians’4 call to keep the trauma and surgical emergency
response strong during these times lest these patients become an
indirect victim of this or future pandemics.
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Live-streaming surgery during COVID-19 using a 3D printed camera

The COVID-19 pandemic provided an unprecedented challenge to
communities and health systems throughout the world. In order to
protect patients, health workers and students, many hospitals
imposed restrictions that resulted in excluding medical students.
Experience in the operating theatre is an important part of medical
student education, where precious time allocated to surgical educa-
tion may be as short as 10 weeks. During the COVID-19 pandemic,
there was still urgent surgery being performed which potentially
provided valuable and unique learning opportunities. The challenge
for educators was how to bring these opportunities to the students
in a safe and effective way.

During the 2020 COVID-19 pandemic, 39 Deakin School of
Medicine students based at the University Hospital Geelong clinical
school, Victoria, Australia, were scheduled to rotate through gen-
eral surgery but had restricted access to operating rooms due to
government-imposed state-wide restrictions. These students were
invited to participate in a pilot program where a surgeon conducted
teaching associated with real-time video streaming of the operative
procedure. A 3D printed camera with audio and visual capability
was custom designed and developed by Deakin University engi-
neers to fit the headpiece of the surgeon (Fig. 1). Students were
based offsite with access to the live educational session using read-
ily available electronic devices (laptops, smartphones or tablet
devices).

An interactive tutorial was given by the surgeon to describe the
clinical scenario and background information relevant to the opera-
tive case. Questions between the educators and medical students
were encouraged throughout the operation. Approval for this teach-
ing modality was gained from the clinical school director prior to
commencement. Patients all gave verbal consent prior to their

operation and videoing was only of the surgical field with no identi-
fying patient details to protect privacy. Students were educated on
respecting patient privacy and asked to ensure no viewings outside
the tutorial group.

Following these tutorials, all 39 students were invited to partici-
pate in an electronic survey to assess their experience of engaging
in live-streaming tutorials. The survey utilized a 5-point scale, with
the option of additional comments. All responses were de-identified
to the researchers. Ethics approval was gained from the Deakin
University Faculty of Health Human Ethics Advisory Group.

Twenty-five students of 39 completed the survey, achieving a
response rate of 64%. A variety of open and laparoscopic general
surgery procedures were observed by survey responders, where the

Fig. 1. 3D printed camera mounted to surgeon’s headpiece.

1056 Perspectives

© 2021 Royal Australasian College of Surgeons.



majority of students were satisfied or very satisfied with the learn-
ing content of each surgery (Table 1).

Only 3 (12%) reported that COVID-19 had not significantly
impacted their surgical learning, whilst one respondent commented
that ‘almost all aspects [were affected] including theatre experience,
ward exposure, clinic exposure’. With regard to participating in
live-streamed operations, 20 respondents (80%) found it at least
somewhat useful (Fig. 2).

Furthermore, 25 respondents (100%) found the introductory
teaching at least somewhat beneficial in aiding surgical learning.
Eighteen students (72%) indicated that increasing the frequency of
live streaming would be at least somewhat beneficial in aiding sur-
gical learning. Twenty-three (92%) students found narration and
teaching during the procedure beneficial.

Students found the quality of the video and audio variable with
22 (88%) responding that the quality impacted their learning. Fur-
thermore, 19 (76%) reported that live-streaming did not compensate
for in-person theatre time. Fourteen (56%) reported they see a role
for this teaching modality when there are no COVID-19 restrictions
on their attendance.

During COVID-19 medical schools around the world adopted a
wide variety of strategies. In Italy, almost 10 000 medical students
were fast-tracked into the workforce without sitting their

concluding exams.1 Iran developed a virtual and e-learning pro-
gram to allow continuation of studies.2 Singapore, having learnt
from the SARS outbreak, instituted a university COVID-19
response team that restructured teaching using multiple strategies.3

As evidenced by the SARS epidemic, some of these changes to
teaching are expected to remain in place for many years.4 It is
essential we capture the medical education ingenuities emerging
from the COVID-19 pandemic.5

Live-streaming operations could be one of those strategies with
several studies reported from the COVID-19 period, however to the
best of our knowledge this is the first study using a 3D printed cam-
era. The University of Kansas live-streamed neurosurgery to medi-
cal students from multiple cameras including a GoPro worn by the
surgeon,6 while The University of Pennsylvania also described the
development of a virtual Otolaryngology – Head and Neck Surgery
Rotation for medical students where surgeries were also live-
streamed using a GoPro.7 Interestingly, it has been found that live-
streaming is more beneficial to student learning than watching a
play-back of the video at a later date due to improved perception of
learning in the theatre environment.8

This study uniquely utilized 3D printing technology which is
showing increasing presence in the medical field.9 In our experi-
ence, commercially available camera mounts are cumbersome to
use in combination with headlights, masks and face shields. Deakin
University has world leaders in 3D printing, which facilitated the
creation of a high-definition camera that was easier and more com-
fortable to use than commercially available products. The camera
and mount system which was purpose-built for surgery and inte-
grated into the headlight equipment normally in use while operat-
ing, allowed excellent vision with minimal impact to the surgeon.10

However, students had contrasting experiences with the quality of
video and audio. One student commented ‘technical issues did limit
the benefit provided’, while another commented, ‘having the head
mount allows open operations to be seen better than in person’.
Possibly, the variable limiting technical factor was speed and band-
width of the hospital’s wireless internet necessitating investigation
prior to further utilization of this teaching modality. Further evalua-
tion comparing the surgeon and student perspectives of a 3D cus-
tom printed camera compared to GoPro is needed.

Live streaming could reduce variability in student surgical expe-
riences. In our study, one student commented ‘sharing the experi-
ence of complex cases throughout the group rather than just a luck
of the draw style game of chance was beneficial’. This is also
reflected in the literature where students being matched to theatre
sessions improve access and exposure to high-quality surgical
teaching and makes pursuit of a surgical career more likely.11

Variability in student responses may reflect differences between
tutors, as occurs in any tutorial setting. However, this study demon-
strates unique technology enabling continuing education from a
remote location despite restrictions experienced during COVID and
potentially in the future. Live-streaming could provide access to a
highly educational resource for students or surgical trainees in the
rural sector. Another role would be to support/advise rural and
remote-based surgeons during procedures and to provide intra-
operative advice whilst recognizing the limitations of not being
present.

Table 1 Experience of survey respondents with different types
of surgeries

Type of surgery Number of
observing
students

Proportion or
respondents satisfied
or very satisfied with

learning content

Abdominoperineal
resection

10 9/10 (90%)

Laparoscopic
fundoplication

12 9/12 (75%)

Open right
hemicolectomy

14 12/14 (86%)

Laparoscopic
cholecystectomy

16 13/16 (81%)

Open ultra-low
anterior resection

11 7/11 (64%)

Laparoscopic
inguinal hernia
repair

8 7/8 (88%)

Open Hartmann’s
procedure

9 6/9 (67%)

Fig. 2. Number of respondents who found live-streamed surgeries useful
in aiding surgical learning.
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A key limitation of our survey is that given COVID-19, students
were unable to attend any in-person operations. This is reflected in
responses such as ‘I was grateful to have this supplemental learning
opportunity, however, as a student interested in a surgical career it
does not sufficiently compensate for in-person experience’. We
agree with survey responses and previous authors that live-
streaming would be an adjunct to current surgical teaching.12 Out-
side COVID-19 restrictions, attending the operating theatre is
required for practical skill acquisition and exposure to the theatre
environment. Future studies could compare live-streaming using
the 3D printed camera headpiece combined with in-person theatre
experiences to in-person alone.
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