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ABSTRACT

Background and study aims The aim of this study was to
introduce EndoConf, a reliable and easy-to-use tool capable
of optimizing clinical care in endoscopy by reducing the
number of repeat endoscopy procedures, providing contin-
uous on-the-job clinical education, and allowing a smooth
transition to the next level of artificial intelligence-suppor-
ted systems.

Patients and methods We prospectively developed and
improved a real-time conference system (EndoConf). Endo-
Conf enables endoscopists to contact on-demand and in
real time experienced endoscopists across other sites. After
the initial introduction period, we registered all EndoConf-
assisted procedures from our unit (Surgical Department of
Odense University Hospital) over a 3-month period (Au-
tumn of 2019).

Results Of 84 EndoConf-supported procedures, 58 were
eligible for further analysis. Eventually, 38 calls were made,
of which only four were technically of low quality (10.5%)
while three were not answered (7.9%). Of the 35 (92.1%)
completed EndoConf calls; 24 were referred for endoscopic
mucosal resection, six were referred for transanal microsur-
gery preceded by transrectal ultrasonography and three
were referred for multidisciplinary conference, whereas in
two cases, the lesion was resected during EndoConf.
Conclusions We found the EndoConf system to provide
support that could reduce the number of unnecessary re-
peat endoscopic procedures while at the same time ensur-
ing avoidance of any hazardous attempt at polypectomy.

Introduction

Millions of endoscopic procedures are performed around the
world each year. It is important to provide high-quality endos-
copy with optimal decision-making for precision in care delivery
and to ease overburdened healthcare systems. Furthermore,
with broader adoption of systematic colorectal cancer (CRC)
screening [1], there is a continuous demand for recruiting
screening colonoscopists while maintaining high standards of
care for all other non-screening endoscopic procedures [2].
The latter include existing polypectomy variations, with multi-
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ple techniques available and a wide range of experience among
endoscopists and training programs [3].

Furthermore, over the last decade, different polypectomy
methods and techniques have been developed, and there has
been an increase in the incidence of surgeries for non-malig-
nant polyps [4]. Therefore, endoscopists need to be familiar
with these techniques and comfortable deciding when to pro-
ceed and when to refer, which guarantees the selection of the
best possible care for each patient [5]. Familiarity with and
training in endoscopic techniques can also affect the outcome
for patients [6]. The ever-increasing number of neoplastic le-
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sions managed by endoscopic techniques instead of open or la-
paroscopic surgery and the multiple and intricate endoscopic
classifications raise the complexity of decision-making in colo-
noscopy. This led to the development of the Danish SATC center
[7]. This paper aims to present the results of the SATC center’s
introduction of a reliable and easy-to-operate conference tool
to support optimal clinical care, reduce the number of repeat
endoscopy procedures, provide continuous on-the-job profes-
sional development, and ease the transition to the next level of
artificial intelligence (Al)-supported systems.

Patients and methods

The EndoConf system was implemented in our surgical depart-
ment, which is located in three separate units (Odense, Svend-
borg, and Nyborg), providing cover to the island of Funen, Den-
mark. It delivers 10,000 colonoscopies/year for diagnosis and
treatment of colorectal neoplasia. In collaboration with Odense
University Hospital’s medicotechnical department, we pro-
spectively developed and improved a real-time (RT) conference
system (EndoConf). EndoConf enables our department's endos-
copists to contact experienced endoscopists, working across
other sites, in real time (RT) during endoscopy and to send
high-resolution images/video feed and get a response in a short
time.

This paper presents the results of a feasibility study per-
formed when EndoConf was implemented for clinical use and
assesses its application, quality of calls, and outcomes.

Workflow

During a colonoscopy, the EndoConf system enables the endos-
copist to consult an expert endoscopist when faced with trou-
blesome decision-making regarding diagnostics and handling
of colorectal (CR) polyps. An experienced endoscopist staffed
the on-call system during working hours (Monday-Friday until
15.30). The doctor on call was able to go about usual practice
and change location as long as the tablet stayed with him. The
audio-video-link carried an audio signal, a video signal from the
endoscopy room, and a video signal from the endoscope (» Fig.
1).

When the endoscopist needed an expert opinion, one of the
nurses could set up a RT video link through a mobile worksta-
tion (» Fig.2) to the expert endoscopist on duty, who could li-
vestream the endoscopy from a portable mobile device (tablet)
(»Video 1).

Our department operates three endoscopic units at three
different locations, 25 to 40km apart. One unit performs ad-
vanced colonoscopies and procedures, such as endoscopic ul-
trasound, endoscopic mucosal resection (EMR), endoscopic
submucosal dissection (ESD), endoscopic full-thickness resec-
tion, transanal endoscopic microsurgery (TEM), and hybrid pro-
cedures. This unit has surgical facilities that facilitate immedi-
ate rescue surgery in case of perforation, bleeding, or other ad-
verse events and it facilitates high-risk endoscopic procedures.
The same unit contains the regional SATC-C center for ad-
vanced adenomas and early colorectal cancers [5]. The center
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» Fig.1 EndoConf system workflow.
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» Fig.2 Mobile workstation (Endotrolley) at the endoscopy unit
enabling real-time video link.



QVIDEO

» Video1 EndoConf demonstration.

is dedicated to ensuring that state-of-the-art treatment of uni-

form quality if provided throughout the region of Southern

Denmark, which includes other four independent University

Hospitals at six different locations with colonoscopy activity.

The SATC-C center conducts courses, hands-on training, sym-

posia and fellowships for research and development. All colo-

noscopists in the region have to attend the introductory colo-
noscopy course provided.

EndoConf was initially implemented at one unit (Nyborg) in
three to four endoscopy rooms daily (Monday-Friday). This was
expanded with two to three endoscopy rooms at two other
units (Svendborg and Nyborg). On average, 10 colonoscopies
were performed daily in each endoscopy room. The endos-
copists at the involved units were told about EndoConf before
it was implemented.

EndoConf was funded by SATC-C, external funds and the Re-
gion of Southern Denmark. Setup and maintenance of the En-
doConf was provided by the local medicotechnical department.

The long-term aims of introducing EndoConf were to:

1. Enable support of novice endoscopists if experienced
endoscopists are not available on site.

2. Reduce polypectomy attempts during diagnostic colonos-
copy in cases where polypectomy complexity has been
underestimated.

3. Reduce the number of unnecessary referrals for a repeat
colonoscopy and polypectomy if polypectomy technical
requirements had been overestimated.

4. Promote in-house implementation of new techniques
learned during SATC-C courses.

5. Assist in delivering courses by supporting transmission of
live procedures to the teaching facilities.

After the initial introduction period, we registered all Endo-
Conf-eligible procedures from the unit, i.e., colonoscopies end-
ing in referral for EMR/ESD over 3 months in the fall of 2019.
From all referrals, the authors reviewed whether the index colo-
noscopy was performed in an operating room with EndoConf
available. In case EndoConf had not been used, the referring
doctor received a reminder about availability of the system.
The date of the procedure, EndoConf calls made, call quality,
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experience of the endoscopist, result/referral following colo-
noscopy, and location of any neoplasia were documented. This
was mainly done to identify any systematic IT difficulties that
needed to be addressed before implementing the system
throughout the Southern Denmark region and enabled evalua-
tion of its use.

Ethical considerations

Because EndoConf was implemented as a novel tool, not a re-
search project, for education and improved decision-making in
line with the usual bedside attendance by an experience endos-
copist, informed consent from patients and approval from the
local ethical committee were not required. Prior to each Endo-
Conf procedure the patient, if not sedated, was informed about
the need for a RT video conference to discuss the best treat-
ment or proper referral.

Results

The first EndoConf call was conducted successfully on Decem-
ber 12, 2018, and the system was then introduced in our sur-
gery department by experienced endoscopists from the SATC-
C [1]. During a 3-month period, we prospectively registered 84
EndoConf-eligible procedures. Of them, 64 were in locations
where the EndoConf equipment was available. In six cases, the
endoscopist was one of the expert endoscopists on call for the
EndoConf system; therefore, there was no need to make a call.
Eventually, 58 colonoscopies were supported by the EndoConf
conference equipment. In this group of colonoscopies, 38 pro-
cedures (65.5%) had EndoConf calls made; four were of low
quality technically (10.5%) and three were not answered
(7.9%) (» Fig. 3). No answer to calls occurred due to connection
problems at the receiving end or if the expert on call was pre-
occupied by other conferences. Of the 35 completed EndoConf
procedures, 24 were referred for EMR; six were referred for TEM
preceded by transrectal ultrasonography; three were referred
for multidisciplinary conference; while in two cases, it was pos-
sible to resect the lesion under the guidance of the specialist
who answered the call. The neoplasia location was right-sided
in 12 cases, left-sided in 11, and unknown in 10 (two individuals
had multiple neoplasias). Senior registrars or consultants in
gastrointestinal surgery had requested 74% of the EndoConf
calls. No unintended consequences were registered.

Discussion

We found EndoConf to be a helpful tool for supervising and
educating our endoscopists. With modifications to broadband
speed and dedicated broadband prioritized in the Region’s Net-
work, EndoConf became a well-functioning tool, with short dial
time and high-quality sound and images. EndoConf enables dis-
cussions about lesion characterization and management in RT
instead of the common practice of storing still pictures for sub-
sequent discussion and evaluation by senior endoscopists.

In the course of putting EndoConf into practice, ethical con-
siderations are mandatory. During a live call with discussions of
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84 EndoConf eligible procedures at surgical unit

20 EndoConf equipment not available

64 with the option to conduct a conference call

6 Expert endoscopist was conducting the
colonoscopy him- or herself

58 relevant EndoConf eligible procedures

38 (65.5 %) call made

31 (81.6 %) succesfull 4(10.5 %) completed with

technical difficulties

20 referred for TEM,

20 no call made APC or EMR

3 (7.9 %) not answered

» Fig.3 Flowchart of procedures eligible for EndoConf during 3 months of observation. TEM, transanal endoscopic microsurgery; APC, argon

plasma coagulation; EMR, endoscopic mucosal resection.

further actions or doubts, a non-sedated patient could listen in,
which might result in unwanted side effects such as anxiety or
patient concern. Therefore, it is essential to consider how the
call is conducted, although this is not any different from any
physical conference or regular communication during proce-
dures. On the other hand, patients may recognize the added
value of on-the-spot extra attention and feel reassured that
the decision is thought through and based on more than a sin-
gle opinion. On top of this comes the possible gain of being
spared readmission or maybe even complications that could oc-
cur from suboptimal procedure choices. We are also exploring
the option of testing headphones for the endoscopist.

During the roll-out, several challenges need to be addressed.
In 10.5% of the initiated EndoConf sessions, technical problems
were experienced. However, all sessions were completed suc-
cessfully. In some cases, the endoscopist or nurses were not fa-
miliar with the EndoConf equipment and setup or encountered
a poor internet connection. In such cases, the endoscopist had
to move the colonoscope very slowly to expose the lesion of in-
terest for the experienced on-call endoscopist. The COVID-19
pandemic has made wearing face masks and plastic visors nec-
essary in all settings. Several studies have reported that face
masks attenuate sound and speech intelligibility, which could
make EndoConf communication challenging [8,9].

Recent breakthroughs in Al have facilitated development of
several systems for computer-aided detection and diagnosis,
explicitly focusing on polyp detection (CADe) and polyp charac-
terization (CADx) [10]. Potentially, Al-based systems can in-
crease the adenoma detection rate (ADR), improve colorectal
polyp diagnosis accuracy, aid in avoidance of unnecessary poly-
pectomies, and optimize referral for correct treatment. How-
ever, the quality of the Al systems that have been developed
varies markedly, and the clinical value has been questioned. A

E1850

recent meta-analysis of Al-based systems for polyp detection
did not show improvement in detection of advanced polyps as
compared to conventional colonoscopy [11]. The EndoConf is
not expected to increase ADR in its current state. It was initially
developed as a tool to aid in handling specific colorectal lesions.
However, combined with Al-based systems, it may lead to fur-
ther improved treatment allocation and peer education.

For a system like EndoConf to reach its full potential, it is vi-
tal to establish a few things. First, the technical quality of the
call (broadband speed, audio quality, dedicated broadband,
etc.) must be high; otherwise, the experience is suboptimal.
Second, the acceptance of the conference type must be wide
among endoscopists. It needs to be accepted by as many as
possible to enhance the effect and disseminate knowledge
among peers. If accepted and utilized, EndoConf holds great
potential and can be implemented nationwide for experts in
the field to enable RT consultations. We believe that EndoConf
has the potential to be utilized internationally and in other pro-
cedures and diagnostics across surgical and medical specialties.

We are at a point where we need to implement the system in
other departments, to have input from other users, and to learn
what further opportunities exist for incorporating the Endo-
Conf system to meet long-term objectives. We believe that
this is a turning point in educating endoscopists about specific
procedures. Use of EndoConf also is an excellent way to en-
hance supervision of endoscopic nurses. It is a quick and pre-
cise solution to difficult situations during which an endoscopist
needs expert advice. Thus, the EndoConf system provides solu-
tions that will prevent patients from undergoing unnecessary
endoscopic procedures while ensuring that hazardous polypec-
tomy attempts are avoided when an individual should be re-
ferred to an expert tertiary center. After 7 years of hosting the
SATC teaching center, we have found that endoscopists at all
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our hospital sites are becoming more unified in their applica-
tion of polypectomy techniques and how they handle advanced
adenomas.

EndoConf has the potential to increase decision-making, re-
sulting in decreased referrals for repeat endoscopies and read-
missions for therapeutic procedures.

Furthermore, it has great potential for educating junior
endoscopists and we suggest that this can become a standard
decision-making support for inexperienced endoscopists. In
the United States, an increasing rate of surgery for patients
with nonmalignant CR polyps has been reported and we expect
that implementing EndoConf or a similar RT conference system
could slow down this tendency, for the betterment of patients
[4]. Our department has seen an increase in documentation of
large lesions, through use of either the EndoConf system or
with photo and video documenting system (Endobase, Olym-
pus). This was a direct result of the focus placed on it during im-
plementation of the EndoConf system.
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