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Abstract

Background Interventional endoluminal therapy is rapidly advancing as a minimally invasive surgical technique. The expand-
ing remit of endoscopic therapy necessitates precision control. Eye tracking is an emerging technology which allows intuitive
control of devices. This was a feasibility study to establish if a novel eye gaze-controlled endoscopic system could be used
to intuitively control an endoscope.

Methods An eye gaze-control system consisting of eye tracking glasses, specialist cameras and a joystick was used to
control a robotically driven endoscope allowing steering, advancement, withdrawal and retroflexion. Eight experienced and
eight non-endoscopists used both the eye gaze system and a conventional endoscope to identify ten targets in two simulated
environments: a sphere and an upper gastrointestinal (UGI) model.

Completion of tasks was timed. Subjective feedback was collected from each participant on task load (NASA Task Load
Index) and acceptance of technology (Van der Laan scale).

Results When using gaze-control endoscopy, non-endoscopists were significantly quicker when using gaze-control rather
than conventional endoscopy (sphere task 3:54 +1:17 vs. 9:05 +5:40 min, p=0.012, and UGI model task 1:59 +0:24 vs
3:45+0:53 min, p<.001).

Non-endoscopists reported significantly higher NASA-TLX workload total scores using conventional endoscopy versus
gaze-control (80.6+11.3 vs 22.5+13.8, p<.001). Endoscopists reported significantly higher total NASA-TLX workload
scores using gaze control versus conventional endoscopy (54.2 + 16 vs 26.9 +15.3, p=0.012). All subjects reported that the
gaze-control had positive ‘usefulness’ and ‘satisfaction’ score of 0.56 +0.83 and 1.43 +0.51 respectively.

Conclusions The novel eye gaze-control system was significantly quicker to use and subjectively lower in workload when
used by non-endoscopists. Further work is needed to see if this would translate into a shallower learning curve to proficiency
versus conventional endoscopy. The eye gaze-control system appears feasible as an intuitive endoscope control system.
Hybrid gaze and hand control may prove a beneficial technology to evolving endoscopic platforms.

Keywords Robotic endoscopy - Eye tracking - Touchless interactions

Eye gaze tracking is a technology showing great possibili- =~ Modern eye- and head-tracking sensors may be harnessed
ties for integration into surgical and endoscopic practice.  to control robotic platforms, allowing intuitive control of
complex devices; this technology may improve control dur-
ing complex procedures, and enhance the learning process
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during examination, and the resultant effects on polyp detec-
tion [3, 4].

Advanced interventional endoscopy is rapidly developing
to become a subspecialty in its own right. There is a myriad of
potential in advance interventional endoscopy with rates and
complexity of endoluminal techniques, such as endoscopic
submucosal dissection (ESD), increasing [5, 6]. Despite the
growing demand for these procedures, the basic control sys-
tem of the flexible endoscope has not changed beyond the
standard control wheels and torque steering, despite their
well-documented poor ergonomics [7]. Several emerging
endoscopic approaches have been proposed to facilitate
advanced therapeutic procedures, including flexible insertable
instruments, endoscopically deployed operating platforms,
and robotically controlled dissection instruments [8—10].
Many of these platforms require several operators, including
an endoscopist to control the endoscope, apply torque and
stabilise it at the site of resection. Furthermore, assistants are
usually required to access and operate endoscopic tools such
as resection knives, clips, haemostatic devices and to manage
injection of fluid into the submucosal space. All of these plat-
forms require hand control of either the endoscope movement,
end effectors or both. This requires several people within the
theatre or endoscopy room which may further increase cogni-
tive load and distraction for the operator while performing a
highly skilled and challenging technique. It also requires co-
ordinated and clear instructions and communication between
several people which can be challenging.

We present a novel approach in which the movement
of a robotic flexible gastroscope is controlled by eye gaze
tracking, without the need for the operator to touch the
endoscope. The full range of manual endoscopic control is
reproduced by the robotic platform, including insertion and
withdrawal, rotation, tip angulation, and retroflexion. We
discuss the results of the initial prototype testing in anatomi-
cal models of the upper GI tract, and the associated differ-
ences in performance, cognitive load, physical demand and
ergonomic stress between a conventional endoscope and the
robotic gaze-controlled endoscope.

Materials and methods
Robotic platform

The robotic control module for control of the endoscope is
described fully elsewhere [11]. Briefly, this consists of two
custom 3D-printed gears placed over the endoscopy control
wheels, driven by motors (Dynamixel RX-24F, Robotis,
Korea), and controlled by a separate workstation. This sys-
tem was mounted to a Karl Storz 13,801 PKS gastroscope.
This assembly was limited to 1.0Nm torque at the tip and an
angular velocity of 50 rpm, ensuring margins of power and

speed were well within those required for safe and effective
endoscope control [12].

The control module and endoscope were then mounted
to a robotic arm (Universal Robotics URS5) able to move in
six directions and the shaft of the endoscope aligned to a
guiderail to support the flexible portion of the endoscope
while outside the training model (Fig. 1).

Gaze control

The primary controls were the operator’s head position and
direction of gaze on a screen; these were estimated based
on a free view 3D gaze-contingent framework developed
by Kogkas et al. [13, 14]. This system incorporates the use
of eye-tracking glasses (SensoMotoric Instruments GmbH)
with an RGB-D camera (Microsoft Kinect v2) for 3D
reconstruction of the environment and six reflective spheres
mounted on the glasses with a four-camera motion capture
system (OptiTrackTM Prime 13 Cameras, NaturalPoint, Inc.)
for head tracking. The use of this system is shown in Fig. 2.

Further optional controls were provided by a small hand-
held two axis joystick connected via an Arduino Uno micro-
controller. The view from the endoscope was displayed on a
42-inch LG monitor at 1920 x 1080 resolution. A Windows
10 PC was used for eye gaze and motion capture data acqui-
sition; Ubuntu 14.04 was used for all other modules.

User interface

Each operator sat approximately two metres from the screen,
in an ergonomically neutral position wearing the eye gaze
tracking glasses. The joystick was held in one or both hands
according to operator preference.

Endoscope tip angulation was controlled by the eye gaze
point of regard in relation to the centre of the display through
a gaze-contingent closed loop velocity controller. This
resulted in movement of the tip of the endoscope, and asso-
ciated field of view, in the direction of the operator’s gaze.

Fig. 1 The fully robotised system
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Fig.2 The eye gaze platform in use [20]

Endoscope rotation was controlled by tilting of the head
(exceeding + 20 degrees). This was chosen to minimise limb
and finger movement and to reflect the natural urge of head
rotation of the endoscopist when reorienting an endoscope.
When initiating rotation, the system produced an audible alert
to the operator of “left” or “right”. When head orientation
returns to the allowable range (+20 degrees), the endoscope
rotation stopped, and an audible alert “straight” is produced.

Insertion and withdrawal were controlled by pushing up or
down on the joystick controller. Corresponding up or down
arrows are shown on the screen with audible “in” and “out”
alerts. Retroflexion was initiated by holding the joystick con-
troller to the right for one second or longer (audible alert:
“retroflexion”). A press of a button on the joystick paused the
movement of the endoscope (audible alert: “pause”), holding
it in position until a further press (audible alert: “un pause”).
The graphical user interface is shown in Fig. 3.

A nine-point calibration process was completed by each
operator prior to using the gaze-control system. This is per-
formed with the head in a neutral position by directing gaze
at a set of fixed points on the screen in sequence. Micro-
saccadic eye movements are filtered out by distinguishing
high velocity eye movements (greater than 36 degrees of
visual angle per second) and ‘dwell’ times of less than 0.2 s.

As an additional safety measure, the movement of the
robotic system was automatically paused if the operators
gaze was directed outside the field of the display and when
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gaze tracking was lost. In these way only purposeful eye
movements control steering.

Study design

This was a feasibility study to establish the capabilities
of a novel gaze-controlled robotic flexible endoscope in a
simulated environment. As a comparator, a conventionally-
controlled endoscope was used to complete the same tasks.
Eight endoscopists and eight non-endoscopists (no previous
gastrointestinal endoscopy experience) participated provid-
ing written consent for the data to be utilised.

Endoscopists were defined as gastroenterologists who
had achieved certification to perform endoscopy indepen-
dently by the UK Joint Advisory Group Endoscopy Training
System. This requires attendance at a course, a minimum
of 300 observed procedures, and 20 examined procedures.
The age range of the endoscopist group was between 32 and
51 years. Non-endoscopists were defined as those who had
never performed an endoscopy before consisting of seven
non-clinical scientists and one ENT surgeon. The age range
of the non-endoscopist group was between 24 and 42 years.

No participants had prior experience of the robotic system.
All participants underwent a standardised familiarisation pro-
cess and then used both the eye gaze system and a conventional
endoscope to identify ten targets in two simulated environments:
a sphere and an upper gastrointestinal (UGI) model.



Surgical Endoscopy (2021) 35:4890-4899

4893

Fig.3 The graphical user interface of the system. Top: the view while
the system is paused. Joystick control options can be seen beside
the endoscopic view. Middle: The view during insertion, including
graphical indicator, and Bottom: the view during withdrawal

The two benchtop tasks to assess the efficiency, ergonom-
ics and stability of the device were as follows:

— Task 1 was performed using a plastic spherical cavity
of diameter 20 cm and with a 11 mm circular port. The
starting position of the endoscope tip was 1 cm inside
the port. Ten numbered paper targets were distributed
on the internal wall, in differing positions and orienta-
tions. Each participant attempted to find the targets in
sequence, orient the endoscopic field of view such that
the target was ‘upright’, and obtain a central close view
in this orientation. A circle with 400-pixel diameter was
drawn on the centre of the display to define the central
view. The target was successfully identified once it was
placed within this circle. The tenth target required retro-
flexion of the endoscope tip to be adequately visualised.

— Task 2 was performed in an anatomical model of the upper
GI tract and head (The Chamberlain Group, MA, USA).
The inside of the stomach contained ten numbered plastic
targets. The starting position of the endoscope tip was in line
with the incisors. Each participant attempted to intubate the
oesophagus, insert the endoscope to the stomach, and iden-
tify each of the targets in sequence, visualising them with a
central, close view (within the 400-pixel diameter circle).

The benchtop experiments are displayed in Fig. 4.

Participants were randomised to initial control method
used. Familiarisation for each control method took place
before Task 1 of each method. This was standardised with
a written set of instructions read by participants for each
device and a demonstration by the instructor (NP and AK).
This was followed by 10 min of use of the device on a silicon
oesophageal model with practice targets on a flat surface.
This familiarisation task was separate to Task 1 and 2.

Each participant completed both tasks using one con-
trol method, before changing to use the other method and
repeating the tasks. Each task was completed once with each
method. Task 2 always followed Task 1. Feedback was col-
lected after the use of each method to avoid recall bias.

Outcomes
Objective outcome measures

The time taken to find each target and the overall task com-
pletion times were recorded to the nearest second.

Subjective feedback

Subjective feedback was collected from each participant on
task load, acceptance of technology and ergonomic design,
directly after the tasks were completed. Task load was assessed
using the multidimensional rating scale NASA-TLX (Task
Load Index) [15], a ten-point visual analogue scale to assess
cognitive workload (Appendix Fig. 10) which has been vali-
dated in both diagnostic and therapeutic endoscopy [16, 16].
Acceptance of a new technology was assessed using the
Van der Laan acceptance scale with a five point scale ranging
from -2 to+2, including perceptions of usefulness and satis-
faction with the technology [18] (Appendix Fig. 11 2). Finally,
participants answered a standardised usability and ergonom-
ics questionnaire scored by seven-point Likert scale. (Fig. 8).

Data analysis
Timings of tasks were reported as mean + standard devia-
tion. NASA-TLX scores were reported as means to one deci-

mal place. Van der Laan’s scores were reported as means to
two decimal places.
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Fig.4 The benchtop experimen-
tal environment [20]

The comparisons demonstrated in the following sec-
tions were conducted using within-subjects analysis when
comparing:

— Task completion time of endoscopists with conventional
versus gaze-controlled endoscopy

— Task completion time of novices with conventional ver-
sus gaze-controlled endoscopy

— NASA-TLX scores of endoscopists with conventional
versus gaze-controlled endoscopy

— NASA-TLX scores of novices with conventional versus
gaze-controlled endoscopy

Between-subjects analysis was conducted when
comparing:

— Task completion time with conventional endoscopy by
endoscopists versus novices

— Task completion time with gaze-controlled endoscopy by
endoscopists versus novices

— NASA-TLX scores with conventional endoscopy by
endoscopists versus novices

— NASA-TLX scores with gaze-controlled endoscopy by
endoscopists versus novices

— Van der Laan’s scores by endoscopists versus novices

— Ergonomics assessment scores by endoscopists versus
novices

For within-subjects analysis, the Shapiro-Wilk test for
normality of the paired differences was performed, fol-
lowed by paired-samples ¢ test when the test was success-
ful, and no outliers were detected. In case of non-normal
distribution of the differences or the presence of outliers,
the Wilcoxon signed-rank test was used.
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For between-subjects analysis, the Shapiro-Wilk test
for normality of the samples was performed, followed by
independent-samples ¢ test when the test was successful. In
case of non-normal distribution of any of the two samples,
the Mann—Whitney U test was applied.

For all types of statistical analysis tests, a p-value < 0.05
was considered significant. Statistical analysis was con-
ducted using SPSS version 25.

Results
Performance between groups

Both tasks had a completion rate of 100% by experi-
enced endoscopists and by non- endoscopists. The expe-
rienced endoscopists were significantly quicker than
non-endoscopists at performing each task when using
conventional endoscopy (sphere task 1:24 +0:39 vs
9:05 £+ 5:40 min, p=0.006 and UGI model task 1:27 +0:20
versus 3:45 +0:53 min, p <0.001) (Fig. 5), while when
using gaze-control there were no significant differences
between task performance (Fig. 6).

Performance within groups

Within the participant groups, experienced endoscopists
were significantly quicker at performing each task when
using conventional endoscopy rather than gaze-control
(Sphere task 1:2440:39 vs 3:18 + 1:14 min, p=0.002, and
UGI model task 1:27 +0:20 vs 2:10 +0:35 min, p =0.006).

When using gaze-control endoscopy, non-endoscopists
were significantly quicker at performing each task when
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trol | 3:18 (+1:14 2:10 (£0:35 54.2 (16
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Endoscope 1:24 (£0:39) 1:27 (£0:20) | 26.9 (£15.3)
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Fig.5 Comparison of the two modalities (gaze—hand control) for endoscopists and non-endoscopists on both setups (Spherical cavity task
(SPHt), Upper Gastrointestinal tract task (UGIt)) in terms of overall task completion time (in minutes:seconds) and NASA TLX score
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Fig.6 Performance comparison of the two modalities (gaze— EF TD EF D
hand control) for endoscopists and non-endoscopists on both set-
ups (Spherical cavity task (SPHt), Upper Gastrointestinal tract task . op

(UGIY)) in terms of overall task completion time

using gaze-control rather than conventional endoscopy
(sphere task 3:54 +1:17 vs 9:05 £ 5:40 min, p=0.012, and
UGI model task 1:59 +0:24 vs 3:45 +0:53 min, p <0.001).

Task load

The NASA-TLX scores are displayed in Fig. 6.
Endoscopists reported significantly higher total NASA-
TLX workload scores using gaze-control versus conven-
tional endoscopy (54.2+16 vs 26.9+15.3, p=0.012),
including significant differences for ‘mental demand’,
‘temporal demand’, ‘performance’, and ‘effort’. The inverse
was true for non-endoscopists, who reported significantly
higher NASA-TLX workload total scores when using con-
ventional endoscopy versus gaze-control (80.6 +11.3 vs
22.5+13.8, p<0.001). The differences were significant
across all six domains of the NASA-TLX (Fig. 7).

Fig.7 A Overall NASA-TLX score and analytical results (MD, PD,
TD, OP, EF, FR) for B endoscopists and non-endoscopists. NASA-
TLX values range between 0 and 100, with higher values indicating
higher task load. MD: mental demand, PD: physical demand TD:
temporal demand, OP—own performance, EF—, FR—frustration,
HC: hand control, GC: gaze-contingent control

Technology acceptance

Experienced and non-endoscopists reported that the gaze-
control had positive ‘usefulness’ scores of 0.56+0.83 and
1.43+0.51 respectively using the Van der Laan scoring, dis-
played in Fig. 8. Usefulness and satisfaction scores showed
no significant difference between non-endoscopists and expe-
rienced endoscopists. (p=0.065 and p=0.222 respectively).
Both experienced and non-endoscopists reported positive
‘satisfaction’ scores (0.8 +0.87 and 1.44 +0.68 respectively).
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Fig.8 A Overall Van der Laan’s
technology acceptance score

by endoscopists and non-
endoscopists and B analytical
results. The usefulness scale
derives from the average of use-
ful/useless, good/bad, effective/
superfluous, assisting/worthless,
raising alertness/sleep-inducing
metrics and satisfaction scale
derives from pleasant/unpleas-
ant, nice/annoying, likeable/
irritating, desirable/undesir-
able metrics. The scale range
between — 2 and + 2, with
higher values indicating positive
bias
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Ergonomics

Endoscopists found gaze-control to have poor ergonom-
ics in all domains on the Likert scale other than ease of
learning; being less comfortable (86%), more stressful
(57%), task flow interrupting (85%), more uncomfortable
for the neck (57%) strenuous for the eyes (86%) and caus-
ing fatigue (71%).

By contrast, non-endoscopists found gaze-control to have
good ergonomic characteristics in all domains; being more
comfortable (100%), easier to learn (100%), less stressful
(100%), not task flow interrupting (100%), not uncomfort-
able for the neck (75%) not strenuous for eyes (51%) and not
causing fatigue (88%). This is displayed in Fig. 9.

Statistical analysis confirmed significant differences
between endoscopists and novices in comfort, ease of learn-
ing, stress and task flow interruptions.

Discussion

We present the early pilot data from a fully robotised, gaze-
controlled flexible endoscope platform, which allows touch-
free control without loss of function. Testing this concept
has demonstrated the capability of this approach to navigate
a luminal cavity and display fine motor control.

The experienced endoscopists had performed many hun-
dreds to thousands of endoscopies using conventional endo-
scopes. Experienced endoscopists were faster at performing
the tasks using a conventional endoscope, which likely rep-
resents a familiarity with the control systems rather than a
technical superiority of the traditional endoscope.

The non-endoscopists were novices to both the conven-
tional endoscope and gaze-control system. Interestingly

@ Springer
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==Endoscopists ==Non-endoscopists

Useful

Raising Alertness Pleasant

Desirable Good

Assissting Nice

Satisfaction

Likeable Effective

this group both favoured and performed quicker with the
gaze-control system. This may reflect that the gaze-control is
easier to learn and more intuitive than a traditional handheld
and manually controlled endoscope.

Limitations
Device

In its current iteration there is no substitute for the tac-
tile feedback during conventional endoscopy. In future
iterations force feedback sensors could be attached to the
endoscope handles and motors and be visually represented
on the screen or through haptic feedback via the joystick.

The system presented is designed specifically for the Karl-
Storz gastroscope. It would be possible to incorporate a user-
friendly calibration step in the future so the system could be
generically applicable to endoscopes from different manufac-
turers and lengths of endoscope. The closed loop, gaze con-
trol method used would also nullify changes in different aged
endoscopes and the changes in tensility of the steering cables.

This device was trialled in a simulated rigid environ-
ment which doesn’t account for the luminal and tissue
deformation in a real patient. This group has experience
in tracking for robot control, motion compensation and
depth extraction [19-21]. These approaches could be
incorporated into cancellation of tissue movement in
future iterations.

Although eye gaze control seems feasible shared control
of the scope, with a combination of hands-on and gaze
control, is currently being explored.

The horizontal rail on which the endoscope is mounted has
a large footprint making it less clinically practicable. Current
work is underway to turn this into a coiled design with a sub-
sequently reduced footprint.
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ERGONOMICS LIKERT SCALE FOR ENDOSCOPISTS

Gaze control is more comfortable 14%

Gaze control is easier to learn 14%
Gaze control is less stressful 14% 29%
Gaze control doesn’t interrupt the task flow
Gaze control doesn't cause neck discomfort 29%
Gaze control doesn't cause eye strain 14%
Gaze control doesn't cause me to become fatigued 29%

0% 10% 20%

—
S

30% 40% 50% 60%

43%

57% 29%

B Strongly agree

43% m Agree
® More of less agree
L B Neither agree or disagree
More of less disagree

W Disagree
29%
W Strongly disagree

70% 80% 90% 100%

ERGONOMICS LIKERT SCALE FOR NON-ENDOSCOPISTS

Gaze control is more comfortable

Gaze control is easier to learn

Gaze control is less stressful

Gaze control doesn’t interrupt the task flow
Gaze control doesn't cause neck discomfort
Gaze control doesn't cause eye strain 13% 25%

Gaze control doesn't cause me to become fatigued

0% 10% 20%

88% 13%

40%

30%

W Strongly agree

W Agree

u More of less agree

m Neither agree or disagree
More of less disagree

M Disagree

m Strongly disagree

50% 60% 70% 80% 90% 100%

Fig.9 Likert scale results of ergonomics assessment for A endoscopists and B non-endoscopists

Study

When looking at the individual parameters making up the
NASA-TLX score, it is likely that experience will indeed
affect/bias endoscopist reporting where workload may be
reported relative to their experience of the conventional sys-
tem [22]. The inclusion of non-endoscopists was intended
to remove this training bias by assessing participants with
no previous experience. This does raise the question of
whether NASA-TLX is the best assessment of workload for
use of novel endoscopic devices but it does appear to be an
accepted method of assessment for endoscopist workload
[23, 23, 23].

This study is limited in that it only compared non-
endoscopists to experienced endoscopists. Further work with
repeated use of each platform by non-endoscopists will help

assess if the gaze-controlled platform truly has a shallower
learning curve when quantitative parameters are assessed
with repetition of tasks by endoscopist of varying experience
(including novice endoscopists).

Lower gastrointestinal endoscopy has distinct challenges
such as loop resolution and torque steering, therefore this
feasibility study was not easily translatable to lower gastro-
intestinal applications in its current form.

Conclusion
Endoscopic equipment has developed at great pace in recent

years, allowing the introduction of ever more complex
procedures facilitated by high-quality imaging as well as
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insertable and tip-mounted accessories. As interventions
become more complex, we anticipate the need for progress
in control systems, to aid the endoscopic operator. With fur-
ther progress gaze-control may allow intuitive control of the
endoscopic field of view and allow the operator to handle
endoscopic tools without the need for multiple assistants.
This could reduce cognitive burden and distraction resulting
in improved resections and procedural outcomes in complex
therapeutic procedures.

Appendix 1

See Fig. 10.

NASA-TLX questions

Mental Demand How much mental and perceptual activity was
required? Was the task easy or demanding, simple or

complex?

Physical Demand How much physical activity was required? Was

the task easy or demanding, slack or strenuous?

How much time pressure did you feel due to

the pace at which the tasks or task elements occurred?
Was the pace slow or rapid?

How successful were you in performing the

task? How satisfied were you with your performance?

Temporal Demand

Own Performance

Frustration How irritated, stressed, and annoyed versus
content, relaxed, and complacent did you feel during the
task?

Effort How hard did you have to work (mentally and

physically) to accomplish your level of performance?

Fig. 10 NASA-TLX [15]

Appendix 2

See Fig. 11.

My Judgement of the (..) system are ... (please tick a box on every line)
1 useful 00000  useless

2 pleasant 00000  unpleasant

3 bad 0oooo  good

4 nice 00000  annoying

5 effective 00000  superfluous

6 irritating 00000  irritable

7 assisting 00000  worthless

8 undesirable 00000  desirable

9 raising alertness OO0  sleep-inducing

Fig. 11 Van der Laan technology acceptance scale [18]

@ Springer

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-021-08556-1.

Acknowledgements This research is supported by the NIHR Imperial
Biomedical Research Centre (BRC).

Declarations

Disclosures Lord Darzi, and Drs George Mylonas, Nisha Patel, Alex-
andros Kogkas, Ben Glover and Arun Sivananthan have no conflicts
of interest or financial ties to disclose.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Erridge S, Ashraf H, Purkayastha S, Darzi A, Sodergren MH
(2018) Comparison of gaze behaviour of trainee and experi-
enced surgeons during laparoscopic gastric bypass. Br J Surg
105(3):287-294. https://doi.org/10.1002/bjs. 10672

2. Ali SM et al (2008) Eye gaze tracking for endoscopic camera posi-
tioning: an application of a hardware/software interface developed
to automate Aesop. Stud Health Technol Inform 132:4-7

3. Mallett S et al (2014) Tracking eye gaze during Interpretation
of endoluminal three-dimensional CT colonography: visual per-
ception of experienced and inexperienced readers. Radiology
273(3):783-792. https://doi.org/10.1148/radiol. 14132896

4. Lami M et al (2018) Gaze patterns hold key to unlocking suc-
cessful search strategies and increasing polyp detection rate in
colonoscopy. Endoscopy 50(7):701-707. https://doi.org/10.
1055/5-0044-101026

5. Sivananthan A, Glover B, Patel K, Ayaru L, Darzi A, Patel N
(2020) The evolution of lower gastrointestinal endoscopy; where
are we now. Ther Adv Gastrointest Endosc. https://doi.org/10.
1177/2631774520979591

6. Harlow C, Sivananthan A, Ayaru L, Patel K, Darzi A, Patel N
(2020) Endoscopic submucosal dissection: an update on tools and
accessories. Ther Adv Gastrointest Endosc 13:1-13. https://doi.
org/10.1177/2631774520957220

7. Singla M, Kwok RM, Deriban G, Young PE (2018) Training the
endo-athlete: an update in ergonomics in endoscopy. Clin Gastro-
enterol Hepatol 16(7):1003-1006. https://doi.org/10.1016/j.cgh.
2018.04.019

8. Teoh AYB, Chan SM, Yip HC, Wong VWY, Chiu PWY, Ng EKW
(2018) Randomized controlled trial of EndoWrist-enabled robotic
versus human laparoendoscopic single-site access surgery (LESS)
in the porcine model. Surg Endosc 32(3):1273-1279. https://doi.
org/10.1007/s00464-017-5803-7

9. T. Vrielink, M. Zhao, A. Darzi, and G. P. Mylonas. (2018) ESD
CYCLOPS: A New Robotic Surgical System for GI Surgery. EEE


https://doi.org/10.1007/s00464-021-08556-1
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/bjs.10672
https://doi.org/10.1148/radiol.14132896
https://doi.org/10.1055/s-0044-101026
https://doi.org/10.1055/s-0044-101026
https://doi.org/10.1177/2631774520979591
https://doi.org/10.1177/2631774520979591
https://doi.org/10.1177/2631774520957220
https://doi.org/10.1177/2631774520957220
https://doi.org/10.1016/j.cgh.2018.04.019
https://doi.org/10.1016/j.cgh.2018.04.019
https://doi.org/10.1007/s00464-017-5803-7
https://doi.org/10.1007/s00464-017-5803-7

Surgical Endoscopy (2021) 35:4890-4899

4899

11.

12.

13.

14.

15.

16.

17.

Int. Conf. Robot. Autom., pp. 150-157. doi: https://doi.org/10.
1109/ICRA.2018.8462698

. Fuchs KH, Neki K, Lee AM, Dominguez R, Ryan B, Bryan S,

Santiago H (2017) New suturing system for flexible endoscopy
in the gastrointestinal tract. Japanese J Gastroenterol Hepatol 6.
https://doi.org/10.47829/JJGH.2021.6202

Vrielink TICO, Puyal JG, Kogkas A, Darzi A, Mylonas G (2018)
Intuitive gaze-control of a robotized flexible endoscope. In: 2018
IEEE/RS]J International Conference on Intelligent Robots and Sys-
tems (IROS), pp. 1776-1782. https://doi.org/10.1109/IROS.2018.
8594426

R. Reilink, G. de Bruin, M. Franken, M. A. Mariani, S. Misra, and
S. Stramigioli 2010 Endoscopic camera control by head move-
ments for thoracic surgery, in 2010 3rd IEEE RAS EMBS Interna-
tional Conference on Biomedical Robotics and Biomechatronics,
pp. 510-515. doi: https://doi.org/10.1109/BIOROB.2010.56270
43

Kogkas A, Darzi A, Mylonas GP (2017) Gaze-contingent percep-
tually enabled interactions in the operating theatre. Int ] Computer
Assist Radiol Surg 12(7):1131-1140. https://doi.org/10.1007/
s11548-017-1580-y

Kogkas A, Ezzat A, Thakkar R, Darzi A, Mylonas G (2019) Free-
view, 3D gaze-guided robotic scrub nurse. In: Shen D, Liu T,
Peters TM, Staib LH, Essert C, Zhou S, Yap PT, Khan A (eds)
Medical image computing and computer assisted intervention.
Springer, Cham, pp 164-172

Hart SG, Staveland LE (1988) Development of NASA-TLX (Task
Load Index): results of empirical and theoretical research. Adv
Psychol 52:139-183. https://doi.org/10.1016/S0166-4115(08)
62386-9

Mohamed R, Raman M, Anderson J, McLaughlin K, Rostom
A, Coderre S (2014) Validation of the National Aeronautics and
Space Administration Task Load Index as a tool to evaluate the
learning curve for endoscopy training. Can J Gastroenterol Hepa-
tol 28(3):155-159. https://doi.org/10.1155/2014/892476
Jirapinyo P et al (2017) Preclinical endoscopic training using
a part-task simulator: learning curve assessment and determi-
nation of threshold score for advancement to clinical endos-
copy. Surg Endosc 31(10):4010-4015. https://doi.org/10.1007/
s00464-017-5436-x

18.

19.

20.

21.

22.

23.

24.

Van Der Laan JD, Heino A, De Waard D (1997) A simple pro-
cedure for the assessment of acceptance of advanced transport
telematics. Transp Res Part C Emerg Technol 5(1):1-10. https://
doi.org/10.1016/S0968-090X(96)00025-3

Stoyanov D, Mylonas GP, Yang G-Z (2008) Gaze-contingent 3D
control for focused energy ablation in robotic assisted surgery. In:
Metaxas D, Axel L, Fichtinger G, Székely G (eds) Medical image
computing and computer-assisted intervention—MICCAI 2008.
Springer, Berlin, pp 347-355. https://doi.org/10.1007/978-3-642-
04268-3_44

Visentini-Scarzanella M, Mylonas GP, Stoyanov D, Yang G-Z
(2009) i-BRUSH: a gaze-contingent virtual paintbrush for dense
3D reconstruction in robotic assisted surgery. In: Yang GZ,
Hawkes D, Rueckert D, Noble A, Taylor C (eds) Medical image
computing and computer-assisted intervention—MICCAI 2009.
Springer, Berlin, pp 353-360. https://doi.org/10.1007/978-3-642-
04268-3_44

Mylonas GP et al (2012) Gaze-contingent motor channelling, hap-
tic constraints and associated cognitive demand for robotic MIS.
Med Image Anal 16(3):612-631. https://doi.org/10.1016/j.media.
2010.07.007

Rahman I, Boger P, Patel P (2016) OC-012 the effect of mental
workload experienced during colonoscopy on endoscopists per-
formance. Gut 65:A9.1-A9. https://doi.org/10.1136/gutjnl-2016-
312388.12

Zheng B et al (2012) Quantifying mental workloads of surgeons
performing natural orifice transluminal endoscopic surgery
(NOTES) procedures. Surg Endosc 26(5):1352—1358. https://doi.
org/10.1007/s00464-011-2038-x

Jirapinyo P, Kumar N, Thompson CC (2015) Validation of an
endoscopic part-task training box as a skill assessment tool. Gas-
trointest Endosc 81(4):967-973. https://doi.org/10.1016/j.gie.
2014.08.007

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1109/ICRA.2018.8462698
https://doi.org/10.1109/ICRA.2018.8462698
https://doi.org/10.47829/JJGH.2021.6202
https://doi.org/10.1109/IROS.2018.8594426
https://doi.org/10.1109/IROS.2018.8594426
https://doi.org/10.1109/BIOROB.2010.5627043
https://doi.org/10.1109/BIOROB.2010.5627043
https://doi.org/10.1007/s11548-017-1580-y
https://doi.org/10.1007/s11548-017-1580-y
https://doi.org/10.1016/S0166-4115(08)62386-9
https://doi.org/10.1016/S0166-4115(08)62386-9
https://doi.org/10.1155/2014/892476
https://doi.org/10.1007/s00464-017-5436-x
https://doi.org/10.1007/s00464-017-5436-x
https://doi.org/10.1016/S0968-090X(96)00025-3
https://doi.org/10.1016/S0968-090X(96)00025-3
https://doi.org/10.1007/978-3-642-04268-3_44
https://doi.org/10.1007/978-3-642-04268-3_44
https://doi.org/10.1007/978-3-642-04268-3_44
https://doi.org/10.1007/978-3-642-04268-3_44
https://doi.org/10.1016/j.media.2010.07.007
https://doi.org/10.1016/j.media.2010.07.007
https://doi.org/10.1136/gutjnl-2016-312388.12
https://doi.org/10.1136/gutjnl-2016-312388.12
https://doi.org/10.1007/s00464-011-2038-x
https://doi.org/10.1007/s00464-011-2038-x
https://doi.org/10.1016/j.gie.2014.08.007
https://doi.org/10.1016/j.gie.2014.08.007

	A novel gaze-controlled flexible robotized endoscope; preliminary trial and report
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Materials and methods
	Robotic platform
	Gaze control
	User interface
	Study design
	Outcomes
	Objective outcome measures
	Subjective feedback

	Data analysis

	Results
	Performance between groups
	Performance within groups
	Task load
	Technology acceptance
	Ergonomics

	Discussion
	Limitations
	Device
	Study


	Conclusion
	Acknowledgements 
	References




