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Background: Malignant hyperthermia is a rare but potentially fatal complication of anesthesia, and several different cog-
nitive aids designed to facilitate a timely and accurate response to this crisis currently exist. Eye tracking technology can
measure voluntary and involuntary eye movements, gaze fixation within an area of interest, and speed of visual response
and has been used to a limited extent in anesthesiology.

Methods: With eye tracking technology, we compared the accessibility of five malignant hyperthermia cognitive aids by
collecting gaze data from twelve volunteer participants. Recordings were reviewed and annotated to measure the time
required for participants to locate objects on the cognitive aid to provide an answer; cumulative time to answer was the
primary outcome.

Results: For the primary outcome, there were differences detected between cumulative time to answer survival curves (P <
0.001). Participants demonstrated the shortest cumulative time to answer when viewing the Society for Pediatric Anesthesia
(SPA) cognitive aid compared to four other publicly available cognitive aids for malignant hyperthermia, and this outcome
was not influenced by the anesthesiologists’ years of experience.

Conclusions: This is the first study to utilize eye tracking technology in a comparative evaluation of cognitive aid design,
and our experience suggests that there may be additional applications of eye tracking technology in healthcare and med-
ical education. Potentially advantageous design features of the SPA cognitive aid include a single page, linear layout, and
simple typescript with minimal use of single color blocking.
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Eye tracking to evaluate cognitive aids

Introduction

Cognitive aids or checklists are tools used by anesthesiolo-
gists and other team members to facilitate a timely and appro-
priate response to an emergency during surgery [1-3]. Many
previous publications have supported the utility of cognitive aids
especially during rare events [4-7]. Malignant hyperthermia
(MH) is a rare but potentially deadly crisis that may occur in the
perioperative period when susceptible patients are exposed to
volatile anesthetics or succinylcholine [8]. Fortunately, MH has
a known treatment plan and several cognitive aids detailing the
steps necessary for a proper emergency response are currently
available [3-5,9].

The methodology used to develop cognitive aids is not stan-
dardized. A systematic review in 2013 by Marshall revealed that
only a single article out of 22 articles published on cognitive aids
described “an iterative method that is the standard for other
medical devices,” and only 11 of the 22 cognitive aid articles
included any description of the design process [2]. Studies of
cognitive aids have focused primarily on implementation and
before/after assessments of performance during simulated crises
but have rarely assessed the effectiveness of the cognitive aid de-
sign [2] or speed of the user’s response [3].

Eye tracking technology has been used to a limited extent
in anesthesiology [10,11]. The ability to track participants’ vol-
untary and involuntary eye movements, quantify gaze fixations
within an area of interest (AOI), and measure speed of response
may be particularly applicable to assessing and improving the
effectiveness of cognitive aid designs. The primary aim of this
eye tracking study is to compare the accessibility of five MH
cognitive aids by measuring participants’ time to answer three
standardized questions.

Materials and Methods

This study was approved by the Institutional Review Board
and Veterans Affairs research committee, and written informed
consent was obtained from all participants.

Participants

From July to September of 2017, we recruited a convenience
sample of attending anesthesiologists from a single universi-
ty-affiliated Veterans Affairs hospital to voluntarily participate
in the study. Inclusion criteria were as follows: 1) having hospital
privileges in good standing to practice anesthesiology; 2) active
medical license; and 3) board certification in anesthesiology. Re-
cruits were excluded if the eye tracking system could not be suc-
cessfully calibrated [10]. No participants received remuneration.
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Baseline data

All participants completed a brief survey to establish basic
demographic information, assess years of clinical anesthesiology
experience and years working at the study institution, and report
residency training site. All participant data and performance
analyses were anonymized and kept confidential.

Experimental setting

As previously described [10], each participant was seated in
a private office in front of a 127-centimeter plasma, high-defini-
tion (1080 p) television screen (Panasonic, Japan). The distance
between the seated participant and the television screen was
fixed for all participants at 142 centimeters. Lighting was con-
stant for all participants with half of the overhead lights in the
office turned off to minimize glare and the other half turned on
during data collection; calibration and subsequent measurement
using the eye tracking system require some amount of ambient
light.

Eye tracking system calibration

All participants were fitted with Tobii Glasses 2 eye track-
ing glasses (Tobii, Sweden). Eye tracking glasses utilize corneal
reflection to determine the focus of the subject’s gaze [12].
Calibration required each participant to focus on a card with a
black and white target (included with the system) held at arms
distance while wearing the glasses and running the calibration
function on the eye tracking software (Tobii Pro Glasses Con-
troller). If the initial attempt at calibration was unsuccessful,
nose bridges of different sizes (included with the Tobii eye
tracking system) were tested sequentially until the individual
successfully achieved calibration; otherwise, the participant was
excluded from further study procedures.

Examination

After calibration, participants were given scripted instruc-
tions. They were shown a series of slides (PowerPoint, Microsoft
Office, USA), each of which displayed one MH cognitive aid
(Supplemental Content). Three questions were asked about each
of the five cognitive aids based on content common to all cog-
nitive aids: 1) “Please read the section that includes the dosing
regimen for the rescue medication”; 2) “Please read the section
that includes treatment for hyperkalemia”; and 3) “Please read
the hotline number for reporting”. Questions and answers were
developed and iteratively tested by five investigators who were
not study recruits. The answer to each question was always a
specific location on the cognitive aid, defined as the AOL The
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five MH cognitive aids selected were freely available [1] and pre-
viously published by the following groups: 1) The Association of
Anaesthetists of Great Britain and Ireland (AAGBI) [13,14]; 2)
Ariadne Labs [5]; 3) the Malignant Hyperthermia Association
of the United States (MHAUS) [9]; 4) the Society for Pediatric
Anesthesia (SPA) [3]; and 5) Stanford Anesthesia Cognitive Aid
Group [4]. The sequence of slides (cognitive aids and questions)
were ordered randomly using an online tool (http://www.ran-
domizer.org).

Outcomes

Tobii Glasses 2 was used to record gaze data and produce eye
tracking recordings for all participants. Tobii Pro Lab was used
to designate the AQOI, calculate metrics, record viewing time, and
produce image maps. Fig. 1 demonstrates the heat map feature
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of the eye tracking system. The heat map combines the num-
ber of gaze fixations and fixation duration for all participants.
Recordings were reviewed and annotated to measure the time
required for participants to locate objects on the cognitive aid
to provide an answer; the cumulative time to answer (measured
in seconds) was the primary outcome. Secondary outcomes in-
cluded cumulative time-to-first-fixation (seconds) using the IV-
T fixation filter, time to answer each question individually, and
time to first fixation for each question individually.

Statistical analysis

Statistical analyses were performed using NCSS-PASS soft-
ware (USA). Descriptive statistics were performed and nor-
mality was determined using the Kolmogorov-Smirnov test.
Cumulative time to answer and total time to first fixation were

Malignant Hyperthermia t Temp 1 HR 1 CO, acidesis ||

* Get MH Cart, dantrolene, and help

* Inform surgeon and stop procedure, If possible
= Stop volatie anesthetic, succinylcholine.

* At 1 charcoal filter. Turn O, flow to 10 LU/min
. H\dp"\lent“!ta patient to reduce EtCO,

| MH hotline 1-800-644-9737

* Give dantralene 2.5 mg/kg IV, rapidly, through large bore IV If potsitle, every 5 min until symptoms
resclve, May need up to 30 mg/kg
* Dap' lum/Revonto: Assign dedicated person to mix these formulations of
di " olene (20 mg/vial) with 60 mL non-bacteriostatic sterile water
L4 Ilya:':c:: 251 g Is mixed with 5 mL non-bacteriostatic sterile water

* Trapath 4 noiv-triggering anesthetic
* Give s0diu 1) bicarbonate 1-2 mEg/kg IV for suspected metabolic acidesis
* Cool fiaf &nt if temperature > 39°C
* 1 ply ice externally te axilla, groin and arqund head
* Lifuse cold saline Iintravenously
* NG anc open body cavity lavage with cold water
* Stop cooling when temperature < 38°C
® Hyperkalemia treatment:
* Calclum giuconate 30 mg/kg IV or caldum chloride 10 mg/kg IV;
* Lodum bicarbonate 1-2 mEq/kg Iv;
* Reguiar insulin 0.1 units/kg IV (MAX 10 units) and dextrose 0.5 a/kag
* VT or afib treatment: Do NOT use calcium channel blocker; give amiodarone § mg/kg
* Send labs: ABG or VBG, electrolytes, serum CK, serum/urine myoglobin, coagulation
* Place wrinary catheter, maintain U0 > 2 mifkg/hr.
* If cardiac arrest occurs, begin CPR & consider ECMO
= If no response after 10 mg/kg dantrolene, consider other dx: sepsis, NMS, serctenin synd., mvcpamv

elwsayuadAH jueubijen

phecchromocytoma
* Call ICU to arrange disposition. For past-acute management, see: http://www.mhaus.org

Malignant Hyperthermia t Temp  HR { €O, acidosis ||

* Get MH Cart, dantrelene, and help

* Inform surgeon and stop procedure, if possible
= Stop volatile anesthetic, succinylcholine.

* Attach ch coal filter. Turn O, flow to 10 L/min
* Hyperventilate patient to reduce EtCO,

MH hotline 1-B00-644-9737

* Give ¢ ntrolene 2.5 ma/kg 1V, rapidly, through large bore IV if passible, every 5 min until symptoms
resclve. May need up to 30 ma/ka
* Dantrium/Revonto: Assign dedicated persan to mix these farmulations of
introlene (20 mg/vial) with 80 mL non-bacteriostatic sterile water
* Ryanodex: 250 mg is mixed with 5 mL non-bacteriostatic sterile water

= Trans ' on to non-triggering anesthetic
* Give o lium bicarbonate 1-2 mEg/kg IV for suspected metabolic acidosis
* Cocl patient if temperature > 398 C

* App', oe externally to axilla, groin and around head

* L™ se cold saline ifiravenously

+ NG and open | idy cavity lavag with cold water

* Stop cooling when temperature < 38°C
® Hypetkalemis treatment :

= @igign gluce e 30 mg/kg IV or calcium chioride 10 mg/kg Iv;

+ & " bitarbonate 1-2 mEqg/kg IV;

* Re larinsulin 0.1 units/kg IV (MAX 10 units) and dextrose 0.5 g/kg
® VT ui afib treatment: Do NOT use calcium channel blocker; give amiodarone 5 mg/kg
* Send labs: ABG or VBG, electrolytes, serum CK, i i
*® Place urinary catheter, maintain UO > 2 mi/kg/hr.
® If cardiac arrest ocrurs, begin CPR & consider ECMO
* If no response after 10 mg/kg dantrolene, consider other dx: sepsis, NMS, serotonin synd., myopathy

elwJayadAY jueubliepw

yog| 3

phecchromocytoma
* Call ICU to arrange disposition. For post-acute management, see: http://www.mhaus.org

Malignant Hyperthermia t Temp t HR 1 €O, acidesis |

® Get MH Cart, dantrolene, and help

* Inform surgesn and stop pracedure, if possible
= Stop volatile anesthetic, succinylcholine.

= Attach charcoal fillir. Turn O, flow to 10 L/min
= Hyperventilate patient to reduce EtCO,

. MH hotline 1-800-644-9737

* Give dantrolene 2.5 mg/kg IV, rapidly, through large bore [V if posiible, « ary & min until symptoms
resolve. May need up to 30 mg/kg .
* Dantrium/Revonto: Assign dedicated person to mix these formulations of
dantrolene (20 mg/vial) with 60 mL non-bacterio latic sterile water
* Ryanodex: 250 mg Is mixed with 5 mL non-bacteriostatic sterile water
* Transition to non-triggering anesthetic
* Give sodium bicarbonate 1-2 mEg/ky 1V for “uspected metabolic acidosis
® Cool patient if temperature > 39°C
*+ Apply ice externally te axilla, groin and around head
* Infuse cold saline intravenously
* NG and open body cavity lavage with cold water
* Stop cooling when temperature < 38:C
* Hyperkalemia treatment:
* Calcium gluconate 30 mg/kg IV or calclum chioride 10 mg/kg IV;
+ Scdium bicarbonate 1-2 mEg/kg IV;
* Regular insulin 0.1 units/kg IV {MAX 10 units) and dextrose 0.5 g/kg
* \/T or afib treatment: Do NOT use calcum channel blocker; give amicdarone 5 mg/kg
® Send labs: ABG or VBG, electrolytes, serum CK, serum/urine myoglobin, coagulation
* Place urinary catheter, maintain UO > 2 mi/kg/hr.
= If cardiac arrest occurs, begin CPR & consider ECMO
®= If no response after 10 mg/kg dantrolene, consider other dx: sepsis, NMS, serctonin synd., mvwalhr.m

elwiayadAH jueubiepn

pheochronucytoma
= Call ICU to arrange disposition. For past-acute management, see: http://www.mhaus.org

Fig. 1. These sample heat maps were generated by Tobii Pro Lab Analyzer (Sweden). Panel (A) shows the Society for Pediatric Anesthesia (SPA)
cognitive aid for malignant hyperthermia. Panels (B-D) show the heat maps generated by all participants’ gaze fixations, factoring in fixation duration
for each of the three questions separately: (B) dantrolene dosing; (C) hyperkalemia treatment; and (D) hotline number location.
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plotted on Kaplan-Meier survival curves and analyzed using the
log-rank test. Pairwise comparisons were conducted using log-
rank tests with reporting of Mantel-Haenszel probability levels.
Since data were not normally distributed, we analyzed years of
practice and years at the study institution against cumulative
time to answer and cumulative time to first fixation using Spear-
mans correlation coefficient. All P values were two-sided, and a
P value < 0.05 was considered statistically-significant.

Results

Twelve participants were recruited and provided written con-
sent. Participants were 50% male (6 of 12) with (mean [10th-
90th percentiles]) years in practice of 10 (3-27) and years at the
current institution of 6 (2-18); 7 of 12 completed anesthesiology
residency at Stanford University (58%). All participants success-
fully achieved calibration and completed all study procedures.

Primary outcome

For the primary outcome, there were differences detected be-
tween the cumulative time to answer survival curves (P < 0.001).
Participants demonstrated the shortest cumulative time to an-
swer when viewing the SPA cognitive aid compared to the four
others (P < 0.001 for SPA vs. Ariadne, SPA vs. MHAUS, SPA vs.
Stanford, and SPA vs. AAGBI; Fig. 2).

Secondary outcomes

Survival analyses for time to answer individual questions
showed the following: 1) for dantrolene dosing, the overall
distribution of curves differed (P = 0.028); Stanford was longer

Cumulative time to answer

MHAUS*
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100 - SPA ARIADNE*

STANFORD*

75 1

25 4
Overall P < 0.001
*P < 0.001 vs. SPA
O T T T T T 1
0 5 10 15 20 25 30

Seconds
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than MHAUS (P = 0.001) and SPA (P = 0.006); 2) for hyper-
kalemia, the overall distribution of curves differed (P = 0.002)
with SPA being shorter than MHAUS (P < 0.001), Stanford (P =
0.032), and AAGBI (P = 0.025), and Ariadne being shorter than
MHAUS (P = 0.004); and 3) for the hotline number, the overall
distribution of curves differed (P < 0.001); SPA was shorter than
all four of the other cognitive aids (P < 0.001) in every pairwise
comparison.

Survival curves for cumulative time to first fixation within
the AOI (Fig. 2) also showed differences (P < 0.001) with pair-
wise differences between SPA and Ariadne (P = 0.003), SPA and
MHAUS (P = 0.002), as well as between SPA and Stanford (P <
0.001). Survival analyses of time to first fixation for individual
questions showed the following: 1) for dantrolene dosing (over-
all distribution P < 0.001), SPA was shorter than Ariadne (P =
0.006) and Stanford (P < 0.001), and MHAUS was shorter than
Stanford (P = 0.002); 2) for hyperkalemia (overall distribution
P = 0.006), AAGBI was shorter than MHAUS (P < 0.001) and
Stanford (P = 0.003); and 3) for the hotline number (overall dis-
tribution P < 0.001), SPA was shorter than Ariadne (P = 0.016),
MHAUS (P = 0.002), and Stanford (P < 0.001).

Years of practice (i.e., experience) and years working at the
study institution did not demonstrate statistically significant
correlations with either of the composite outcomes: cumulative
time to answer (P = 0.528 and P = 0.762, respectively) and cu-
mulative time to first fixation (P = 0.485 and P = 0.207, respec-
tively).

Discussion

Our eye tracking analyses show that use of the MH cogni-
tive aid designed by SPA results in the shortest camulative time

Cumulative time to first fixation

100 - SPA AAGBI MHAL{S*J ARIAIDNE*
STANFORD*
75
Q.
>
o
> 504
o
N
25 1
Overall P < 0.001
*P < 0.005 vs. SPA
0 T T T T T 1
0 5 10 15 20 25 30
Seconds

Fig. 2. Kaplan-Meier survival curves showing cumulative time to answer and cumulative time to first fixation for the five cognitive aids included
in the study. SPA: Society for Pediatric Anesthesia, AAGBI: The Association of Anaesthetists of Great Britain and Ireland, MHAUS: Malignant
Hyperthermia Association of the United States, ARIADNE: Ariadne Labs, STANFORD: Stanford Anesthesia Cognitive Aid Group.
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to answer three relevant standardized content questions when
compared to four other cognitive aids currently available. This is
the first study to utilize eye tracking technology in comparative
evaluation of cognitive aid design, and our experience suggests
that there may be additional applications of eye tracking tech-
nology in healthcare and medical education.

Our results are particularly interesting since more than half
of participants completed residency at Stanford, and all par-
ticipants work at a Stanford-affiliated hospital. Despite having
Stanford emergency manuals [4] in every operating room at the
study institution, the Stanford MH cognitive aid did not provide
the best performance. We believe that this lack of intrinsic insti-
tutional bias in our results arguably supports the generalizability
of our study results. We also note that years of anesthesiology
experience show no correlation with the outcomes of our cogni-
tive aid comparison using eye tracking technology. Unfortunate-
ly, routine use of cognitive aids in clinical practice may be as low
as 7%, and poor design is considered one contributory factor
[15].

Potentially advantageous design features of the SPA cogni-
tive aid (Fig. 1) include a single page and simple typescript with
minimal use of single color blocking. Previous work in the use
of eye tracking in anesthesiology suggests that “visually salient”
regions within an image (i.e., areas of high contrast or color)
may distract from “cognitively salient” points (i.e., areas of value)
[11]. Another strong design feature of the SPA cognitive aid is its
linear layout, which has been shown to facilitate better team per-
formance during a simulated crisis when compared to branched
cognitive aid designs [16]. The use of eye tracking in the context
of evaluating participants’ use of cognitive aids may represent
a means to collect objective data on the results of thought pro-
cesses that have been previously limited to subjective assessment
[10].

There are important limitations to this study. First, we re-
cruited a small convenience sample size based at a single insti-
tution. Given a lack of previous studies involving eye tracking
in cognitive aid evaluation, however, we did not have sufficient
data with which to propose a difference in performance. Us-
ing the experimental design described previously [10], the eye
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tracking system was set up in a specific office location; this justi-
fied the single site recruitment since the study site had to be ac-
cessible to all participants. Second, generalizability is limited to
the set of cognitive aids and topic studied, and the results should
not be extrapolated to other cognitive aid designs or topics. All
cognitive aids employed in this study were publicly available and
produced by reputable sources. Lastly, metrics related to cogni-
tive aid performance using eye tracking in this experimental set-
ting may not translate to performance in other real-life settings
such as clinical simulation or actual clinical care. The differences
in eye tracking metrics between cognitive aids can be measured
in seconds, and we do not yet know if these differences are clin-
ically relevant. Future studies should build on the results of the
present study and compare different cognitive aids in simulated
and clinical practice.

In summary, eye tracking technology may provide useful
data in the design of future cognitive aids. This represents a new
application within the field of medicine and warrants further
research.
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