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Abstract

Background Attendance teaching is the predominant teaching method at universities but needs to be questioned in the context
of digital transformation. This study establishes and evaluates a method to accomplish electronic learning to supplement
traditional attendance courses.

Materials and methods Surgery was transmitted in real-time conditions via an online live stream from the surgical theater.
Visualization was transferred from a fully digital surgical microscope, an endoscope or an environmental camera in high
definition quality. Students were able to participate at home from their personal computer. After following the surgery, they
participated in an online-evaluation.

Results A total of 65 students participated in the live stream. The majority of students (61.54%) indicated a significant
subjective increase in knowledge after participation. The majority of students (53.85%) indicated that live surgeries should
be offered as a permanent component in addition to classroom teaching. Likewise, a broader offer was desired by many
students (63.08%).

Conclusions Live streaming of surgery is a promising approach as an alternative or supplement to traditional attendance
teaching. An expansion of digital teaching can be explicitly supported on the basis of this study.

Keywords E-Learning - Medical education - Live surgery - Otorhinolaryngology - Communication - COVID-19

Introduction

Electronic learning (e-learning) is a comprehensive concept
for self-determined and computer-supported teaching and
learning processes [1]. Teaching materials that are available
electronically have become increasingly important in recent
years [2, 3]. E-learning offers the possibility to use differ-
ent terms of visualization. Another advantage is that learn-
ing may be individualized to personal needs and learning
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requirements and also offers a large flexibility since it is not
locally bound [4, 5].

In the context of the current Covid-19 pandemic, e-learn-
ing has gained additional importance due to the limitations
of attendance teaching. The evolution from analog to digital
teaching has accelerated [6, 7]. Universities have been con-
fronted with significant challenges to provide regular teach-
ing online in a very short transition period. In the graduate
medical education environment, this circumstance was fur-
ther complicated by the requirement to provide practical and
theoretical instructions at the patient's bedside [8]. When
testing new innovative teaching materials and methods the
evaluation of subjective benefits in addition to objective pro-
cedures, such as exams, is also important [9, 10].

In surgical subjects, anatomical knowledge and ana-
tomical training is provided by lectures using various forms
of presentation (e.g. videos, images) but still, attendance
courses in the surgical theater with an interaction between
students and surgeon play a major role. Consequently, these
skills and methods are particularly neglected in distance
learning.
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Recent reviews show that digital teaching formats have
great potential for medical education and are not inferior
to traditional lectures [9, 11]. Interactive computer-based
methods combined with hands-on teaching have shown great
potential in general anatomy education [7, 12]. Furthermore,
it has been described that medical students using electronic
learning programs are subjectively more satisfied with their
learning experience than students using traditional learn-
ing methods [4, 13]. However, the advantages of attendance
teaching may not be waived in medical education since they
offer the opportunity to communicate on the current con-
tent of the lesson, e.g. the surgical steps and specialties. For
this reason, transforming the advantage of practical surgical
courses into a digital context is challenging but promising
for future educational concepts.

For this reason, it was the aim of this study to establish
and to evaluate interactive live surgery as a new method for
anatomical and surgical teaching in the context of contact
restrictions that may be included into e-learning programs.

Methods

Prior surgery, patients gave written informed consent for
the anonymized transmission of surgical imaging for edu-
cational purposes.

A live stream in high definition (HD) quality from the
surgical theater was offered to students from 7th and 8th
year on several days by prior announcement. Within the
surgical theater, surgery and surroundings were recorded
by a fully digital surgical microscope (Arriscope Evo2
ENT, MSI, Munich, Germany), standard functional endo-
scopic sinus surgery endoscopes with HD camera (Aida,
Storz, Tuttlingen, Germany), and an environmental camera
(EVI-HD7V, Sony, Tokyo, Japan), respectively. The sur-
geon was equipped with a digital wireless bodypack sound

Monitor

transmitter (Shure GLXD1, Niles, USA) that was connected
to a rack mount receiver (Shure GLXD4R, Niles, USA). The
microphone was sensitive enough to transmit the intraopera-
tive discussions and decision making of the entire team to
the students. Audio track from the rack mount receiver as
well as the video track from the surgical microscope and
the endoscope were connected with a broadcast switcher
(ATEM Mini, Blackmagic Design Pty Ltd, Victoria, Aus-
tralia) that was linked to a conferencing room system (Avaya
Scopia XT7100, Avaya, Santa Clara, CA, USA). Audio track
und video footage were transferred to a media service pro-
vider (Pripares, Munich, Germany) via Local area network
(LAN) interface. The data was transformed by the service
provider and then transferred online in 4 K-high-definition
quality with a chat function via a dedicated channel on You-
Tube (Google LLC, Mountain View, USA) alternatively on
Vimeo (Vimeo LLC, NY, USA). Figure 1 shows the trans-
mission setup. Students were able to access the stream from
any location in Germany as well as worldwide via common
terminals after receiving an individual and daily changing
password. The students were able to ask questions concern-
ing the surgical procedures via a chat function. The ques-
tions were passed by one of the staff members to the surgeon
and answers were given by the surgeon so that they could
be heard and discussed by the complete audience. However,
since the students were muted and questions were only asked
via the chat function, a disruption of the surgeon and the
surgical team was avoided and the discussion could be termi-
nated to less critical parts of the surgery. In this pilot-study
various ear, nose and throat (ENT) surgeries were transmit-
ted to the students.

At the end of the live surgery, students were asked to
complete an evaluation questionnaire provided on the online
platform ILIAS (Table 1). The open-source product ILIAS
is a free hypertext transfer protocol that is used by many
universities (ILIAS open-source e-Learning e.V., Cologne,
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Fig.1 Scheme of the transmission setup
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Table 1 Evaluation
questionnaire after participation

LTS

agreement”,

LTS e LLITS

Evaluation questionnaire (Response options: “full agreement”, “agreement”, “indecisive”, “rather no
no agreement” and the option “no response possible”)

in a live surgery

1 The live streaming surgeries gave me a great increase in knowledge

N O R WN

Live surgeries should be an integral part of teaching

The live video format offers a good alternative to traditional surgical teaching

The offer of live surgeries at the University Medical Center Rostock should be increased

My hardware (tablet, PC, cell phone, etc.) was able to replay the live video without any problems
The live-chat module was a useful way to interact with the surgeon

The obligation to have a Google account to use the chat function was annoying

8 1 would agree to pay money to follow the live surgeries

2 < CEITS

Rating scale (Response options “very good”, “good”, “satisfactory”, “sufficient”, “non-sufficient”,
“deficient” and the option “no response possible”)

9 Video transmission quality

10 Audio transmission quality

11 Stability of the connection to the channel

12 Comprehensibility of intraoperative processes

13 Possibility of interaction with the surgeon

Open questions

14 I used the following hardware during the live stream (e.g. cell phone, Tablet, Computer, Laptop)

15 T used the following browser for streaming (e.g. Firefox, Opera, MS-Explorer, Safari, Google

Chrome)

Germany) for the internet-based provision of teaching
and learning materials. The first eight questions had to
be answered on a 5-point Likert scale (full agreement=1
points; agreement =2 points; indecisive =3 points; rather no
agreement =4 points; no agreement =5 point, no response
possible =6 points), six statements had to be evaluated by
a rating scale with gradings from very good to deficient and
two questions were open-ended for response.

Statistical analyses were performed using Prism (version
8, GraphPad Software, La Jolla, CA, USA). If not otherwise
specified, data are presented as median with 95% confidence
interval (95%CI) or as absolute numbers with percentages

Results

65 students participated in the live surgeries and completed
the evaluation. 64 students completed the rating scale. The
evaluation questionnaires are shown in Table 1. The descrip-
tive statistic responses to the questionnaires are shown
in Table 2 and Table 3. A total of 61.5% of the students
reported a subjective gain of knowledge after watching
the live-stream (“totally applies”, “applies”), 83% stated,
that live-surgery should be an integral part of teaching and
64.6% stated, that the live-stream offers an alternative to
traditional teaching methods. Only 3% reported a rather
insufficient quality and 89.2% asked for an increased offer
of live-stream surgery. None of the students rated either the
quality of audio, video, the stability of the connection or the

comprehensibility of the intraoperative processes as insuf-
ficient. Only 3% considered the interactivity inadequate. The
answers from the students to the evaluation questions are
shown in Fig. 2, 3. To participate in the live surgery, 46
students (71.88%) used a laptop, 9 students (14.06%) a tab-
let, 7 students (10.94%) a computer and 2 students (3.13%)
a mobile phone. As internet browser, 24 students (37.5%)
used Google Chrome, 23 students (35.94%) used Safari, 12
students (18.75%) used Firefox, 4 students (6.25%) used
Microsoft Edge and one student (1.56%) used Ecosia.

Discussion

Digital transformation of teaching has gained importance
within the last years. Digital learning formats have even been
politically promoted by the Federal Ministry of Education
and Research in Germany in recent years. An improved digi-
tal infrastructure enabling a better knowledge exchange is
desirable [14]. However, according to an analysis conducted
by SaB et al., in which 18 departments and 29 teaching staff
members from German university hospitals were surveyed
regarding the use of e-learning in the curriculum of otolar-
yngology, a low level of implementation was found regard-
less of the location [15].

To ensure student training even under contact restric-
tions due to the ongoing Covid-19 pandemic, a digital
teaching offer had to be created within the last year [4, 16].
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Table 2 Descriptive statistics of

statement 1 to 8 Statement 1

2 3 4 5 6 7 8
65 65 65 65 65 65 65
1 1 1 1 1 1 1
1 1 1 1 1 2 4
1 2 1 1 1 4 4
2 3 2 1.5 2 5 5
6 6 6 6 6 6 6
5 5 5 5 5 5 5

Number of values 65
Minimum 1
25% percentile 2
Median 2
75% percentile 3
Maximum 6
Range 5
Table 3 Descriptive statistics of statement 9 to 13
Statement 9 10 11 12 13
Number of values 64 64 64 64 64
Minimum 1 1 1 1 1
25% percentile 1 1.25 2 2 1
Median 2 2 2 2 2
75% percentile 2 2 3 3 3
Maximum 4 4 4 4 5
Range 3 3 3 3 4

E-learning-based teaching approaches currently show a
growing popularity and are increasingly focused in univer-
sity medical education [15]. This study attempted to present
a method of broad and comprehensive assessment of surgical
contents by the creation and transmission of high-definition
video material with the opportunity of interaction between
students and surgeon.

In a recent study, a high demand for additional instruction
and teaching content especially for audio-material and vid-
eos is reported [17]. With the opportunity to ask questions
and receive immediate response, in this study, the participa-
tion was even more interactive compared to passive view-
ing of recorded videos only. Thus, the setup may improve
surgical education and explanation of special procedures.
Since the majority of participants reported an increase in
knowledge, an integration of the presented method into digi-
tal learning may be recommended.

The use of digital elements in medical education not
only supports traditional teaching, but also offers a variety
of possibilities for medical didactics. Innovative teaching
components such as live-surgery contribute to flexible and
user-orientated learning strategies. The superiority of elec-
tronic learning programs over traditional teaching methods
has been discussed, especially with regard to internation-
ally uniform standards [18]. An equivalent effectiveness and

Gain of knowledge

Fixed component

Alternative

Larger offer

Sufficient quality

Live-chat module

Disruptive binding | |

0 10

Not assessable [%]
Not applies [%]
Rather not apllies [%)]
Partially applies [%]
Applies [%]

gooomn

Totally applies [%]

Fig.2 Answers to the evaluation questions of statement 1 to 8
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Fig.3 Answers to the evaluation questions of statement 9 to 13

efficiency of traditional teaching and modern digital formats
is assumed [19-21].

The visualization and transmission of surgical content
may also be applied in other surgical specialties and is an
interesting supplement for surgical education that even ena-
bles a temporary substitution of presence. The opportunity
to reach many students without disruptions in the surgical
theatre is considered an advantageous innovation in the
education of medical students. The established setup may
also be applied to demonstrate preparation procedures from
anatomical courses, the demonstration of radiologic imag-
ing and may provide additional explanation from nursing
or physiotherapy. Furthermore, a larger number of students
can be reached compared to clinical courses with presence in
clinics, surgical theaters or classrooms. The students show a
high level of interest in modern concepts for the implemen-
tation and further development of digitalization in teach-
ing and positive acceptance of the topic [19]. Consequently,
a good motivation with regular use of the format may be
expected.

Future learning concepts should be able to offer the
opportunity to be used digital, mobile and accessible at any
time. Although classic learning methods such as lectures and
practical courses cannot entirely be replaced by electronic
media, they are increasingly used in combination with each
other [17, 22]. The presented setup has great potential, for

40

50 60 70 80 90
Students [%)]

1
100

future application even after the Covid-19 pandemic. Direct
feedback and mentoring are possible despite contact restric-
tions. These innovations may also be used to expand inter-
disciplinary or international co-education and collaboration,
especially in terms of sustainability, resource conservation or
even development aid. The international exchange of exper-
tise, especially in remote areas with limited resources is an
important basis for scientific collaborations and the transfer
of knowledge. In this case, live streaming of surgeries is
considered as a complementary teaching tool. Especially
the combined use of surgical microscopes, endoscopes, as
well as surrounding cameras provide promising opportuni-
ties to enrich surgical training. Developments in the field
of electronic learning may contribute to a revolution in the
education system in the future [11, 15, 23].

The method is limited by the requirement of stable inter-
net connection. However, the quality of the video and audio
transmission as well as the stability of the connection was
consistently rated as good by the students. Furthermore, the
study is limited by the fact that it is not possible to draw
conclusions about the additional learning success by the
use of live-stream surgery. Recording learning success
depends, among other things, on the individual knowledge
of the respective students. However, the presented study was
rather designed in the sense of a methodological approach.
Future studies should be dedicated to the individual gain of
knowledge using digital teaching methods and live surgery.
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Conclusions

The results of this study show that live streaming of surgi-
cal procedures is a promising approach as supplement to
traditional learning. It is a valuable alternative approach for
surgical education, especially for the application of already
acquired anatomical knowledge. It enables an approxi-
mation to attendance courses despite contact restrictions.
An implementation of this method into digital teaching is
recommended.
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