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Abstract. Achieving a good understanding of the socio-technical system in critical
or emergency situations is important for patient safety. Research in human-
computer interaction in the field of anesthesia or surgery has the potential to im-
prove usability of the user interfaces and enhance patient safety. Therefore eye-
tracking is a technology for analyzing gaze patterns. It can also measure what is
being perceived by the physician during medical procedures. The aim of this re-
view is the applicability of eye-tracker in the domain of simulated or real environ-
ments of anesthesia, surgery or intensive care. We carried out a literature research
in PubMed. Two independent researchers screened the titles and abstracts. The
remaining 8 full-papers were analyzed based on the applicability of eye-trackers.
The articles contain topics like training of surgeons, novice vs. experts or the cog-
nitive workload. None of the publications address our goal. The applicability or
limitations of the eye-tracker technology were stated incidentally.
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1. Introduction

Nowadays, interactive medical devices and information systems are omnipresent in
intensive care units, emergency medicine or operating theatres. Problems in human-
computer interaction (HCI) can lead to hazardous situations for patients [1]. Those
problems becomes even more dangerous for the patient especially when the physicians
has to work under pressure. Therefore, an analysis of the socio-technical system is
crucial for patient safety. Physiological parameters like situation awareness and as-
sessments for cognitive workload can yield information about the stress level and
awareness of a physician. To gain insight into cognitive processes like attention, work-
load, stress and perceived information, eye-tracking technology is the prime selection.
Other technologies can also detect stress (e.g. heart rate measurement). Advantages in
eye-tracking technology have resulted in quantitative data of perception and awareness
which yields to an interpretation of human behavior.

The aim of this systematic review is to explore the feasibility of eye tracking tech-
nologies in intensive care, surgery or anesthesia environments. These medical disci-
plines make the use of eye tracking challenging. The rapid movement of the individual,
the changing distances between near and far and the changing of brightness values
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from extreme ranges of light could possibly limit the applicability of head mounted eye
tracker.

2. Methods

In this systematic review the objective was to analyze the feasibility of head mounted
eye tracking technologies in the field of anaesthesia, surgery or intensive care. The
applicability of eye-tracking in challenging environments with changes in brightness or
high movement were the objectives. The aim was to explore the feasibility of eye-
tracking in these medical fields (anaesthesia, surgery or intensive care). We performed
a literature search of PubMed using the following search term:

(("Eye Tracking") OR ("Eyetracking") OR ("Eyetracker") OR ("Eye Tracker")
OR ("eye-tracking") OR ("Eye-Tracking") OR ("Eye-Tracker") OR ("eye-
tracker") OR ("eyetracker") OR ("eyetracking") OR ("eye tracking") OR ("eye
tracker")) AND ((Medical Informatics Applications[MeSH Major Topic]) OR
(Equipment and Supplies[MeSH Major Topic]) OR (Information System) OR
("Medical Devices") OR usability OR feasibility OR ("mental workload") OR
("cognitive workload") OR (Surgery) OR (Critical Care) OR (clinical reasoning)
OR (review) OR (Anaesthesia) OR (Intensive Care))

We included literature in English and limited the search to articles published in the last
5 years (December 3174 2010 to January 1% 2016), based on significant changes in eye-
tracking technology especially in head-mounted eye-tracker.

Two reviewers, one computer scientist and one physician worked independently.
Both screened the literature first based on titles and abstracts. Ambiguous articles were
screened by reading the full paper. All conflicts were resolved in consensus process.
The papers were eligible for inclusion if the eye-tracker was used for:

e Usability tests in challenging environments e.g. operation room, anaesthesia,

intensive care units

e  Educational purpose in anaesthesia, intensive care or surgeries

e  Technical applicability and performance of eye tracker in critical care

¢  Only Head-Mounted Eye tracker (Glasses)

The exclude criteria contains research about e.g. eye-tracker as a diagnosis tool or eye-
tracking for psychological questions (e.g. learning). All of the exclude criteria uses eye-
tracker as a tool for answering research questions in various fields without referring to
the medical fields of anaesthesia, surgery or intensive care. Following exclusion cate-
gories are specified: research in eye movement, rehabilitation, psychological and neu-
rological domains and eye tracker as a medical device for communication (e.g. Brain
Computer Interface). Also eye-tracker as an input device or as a diagnostic tool and
settings where eye-trackers are used to gather information on a display or print sheet. In
addition processing and visualization software of eye tracking data are also excluded.
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3. Results
3.1. Study selection

The search strategy in PubMed generates 383 papers. No duplicates were detected. The
titles and abstracts were revised based on the inclusion und exclusion criteria. During
the review process we categorized beside of the ex- and inclusion criteria all papers.
Most of the paper were assigned to the category “perception and cognition”. This cate-
gory contains also papers about workload during e.g. medical processes or educational
purpose. The second highest papers were in the category “eye-tracker for diagnosis”,
where mostly patient wear the eye-tracker. The other categories were “eye-tracker as
medical product”, “eye-tracker as a communication tool”, “control device” or “‘compar-
ison between experts and novice”.

In our initial database were 383 abstracts. We excluded in the first iteration 363 ar-
ticles that did not match with our include criteria. After reading the remaining 28 arti-
cles, we exclude 20 papers based on refined criteria (figure 1). The use of head-
mounted eye-tracker in real or simulated environments was crucial for this review.
Articles using stationary eye-tracker or scenarios using assessing only displays were
excluded.

Potentially relevant studies identified
from PubMed
(n=383)

Studies excluded by reason of headline or abstract:
* input device,

+ control device,
21+ medical product,

software development,
Cognitive Research,
+ Diagnostic tool

v

Studies remained
(n=20)

Studies excluded by reason of Full Paper:

+  Stationary Eye-Tracker,

+ gaze in display-settings instead of simulated or
real environment

v

Studies included in our systematic review
(n=8)

Figure 1. PRISMA flowchart
3.2. Reported Outcomes

The remained publications uses eye-tracker in the medical domain of anaesthesia, sur-
gery or intensive care in real or simulated environments. The objectives of these arti-
cles were “research in training of surgeons” [2] or “differences in novice vs. experts”
[3-5]. The gaze behaviour as a parameter for situation awareness or visual attention for
workload was analysed in [6-8]. One article measures the differences between simulat-
ed surgeries and real surgeries [9] (see Table 1).
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Table 1. Overview on the studies which were included in the systematic review

Ref

Aim

Scenario and
Environment

Data Collection

Limitations

(6]
(7]
[8]

[5]

[2]

(9]

[4]

(3]

Measuring work-
load and visual
attention in anesthe-
sia simulated envi-
ronments
Examination of
information acquisi-
tion strategies in
expert and compe-
tent non-expert
intensive care
physicians

Examine the use of
eye-trackers for
improving surgical
training

Assessment of
visual control
during simulation
and live operations
Eye movement of
perfusionists during
surgery

Differences in gaze
behavior of junior
surgeons in compar-
ison to experts

Simulation of an induc-
tion of anesthesia with a
full-scale simulator

Simulation of an Infant
with monitoring of vital
parameters in pediatric

intensive care unit.

Surgeons Vigilance in
simulation settings.
Virtual cholecystectomy
with a patient simulator

Real transurethral resec-
tion of the prostate

Real cardiac surgery

Real open inguinal
hernia repair surgery

Pupil size, saccade,
fixation, visual
attention, Region of
Interest (ROI)

Gaze Fixation,
saccades, blinks,
dwell time, Area of
Interest (AOI)

Blink and gaze

Gaze fixation,
search rate,

AOI, fixation,
transitions

AOI, Fixation,
dwell, pupil size,
pupil entropy, pupil
rate of change

Marginal disturbance
through the eye tracker

Exclusion of some
eye-tracker data
through calibration
failure

Calibration process
was extensive, quality
of recording data were
noisy and the resolu-
tion was insufficient

Three cases out of 25
were discarded due to
poor eye tracking data

4. Discussion

None of the publications focus on our objective to identify the applicability of head-
mounted eye-tracker in intensive care environments. All the remaining articles mention
the limitations as a side note.

In [7] the questionnaire shows that the head-mounted eye-tracker was more than
marginal disturbing while working (mean value). The mobility was restricted marginal-
ly. The eye-tracker restricted the treatment of the patient slightly. In [9] shows that the
eye movement in a simulated setting were higher than in the real operation setting. This
leads to different interpretation based on a higher stress level and complexity during
medical procedures. Applications of eye-tracker in real environments are still rare [4]
and are not the main objective in research.

5. Conclusion

The eye-tracking device gives important insight into cognitive processes and makes
this technology suitable for the use in different domains. This review has shown that
eye-tracker can be used as an input device for people with disabilities [10] or as a diag-
nostic tool for patients with e.g. depression [11]. The main application for eye-tracker
is for cognitive science.
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The use of eye-tracker in highly challenging medical situations e.g. surgeries, in-
tensive care or anaesthesia where health professionals work under stress are rare. What
kind of eye-tracker is reliable and applicable to these environments is still unanswered.
Further research is needed to analyse the interaction between humans and the computer
(social-technical systems) in critical care environments, especially to evaluate the usa-
bility of new medical devices.
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