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ABSTRACT

Objective: The study sought to quantify a layperson’s ability to detect drug-induced QT interval prolongation on
an electrocardiogram (ECG) and determine whether the presentation of the trace affects such detection.
Materials and Methods: Thirty layperson participants took part in a psychophysical and eye-tracking experi-
ment. Following training, participants completed 21 experimental trials, in which each trial consisted of 2 ECGs
(a baseline and a comparison stimulus, both with a heart rate of 60 beats/min). The experiment used a 1 alterna-
tive forced-choice paradigm, in which participants indicated whether or not they perceived a difference in the
QT interval length between the 2 ECGs. The ECG trace was presented in 3 ways: a single complex with the sig-
nals aligned by the R wave, a single complex without alignment, and a 10-second rhythm strip. Performance
was analyzed using the psychometric function to estimate the just noticeable difference threshold, along with
eye-tracking metrics.

Results: The just noticeable difference 50% and 75% thresholds were 30 and 88 ms, respectively, showing that
the majority of laypeople were able to detect a clinically significant QT-prolongation at a low normal heart rate.
Eye movement data indicated that people were more likely to appraise the rhythm strip stimulus systematically
and accurately.

Conclusions: People can quickly be trained to self-monitor, which may help with more rapid identification of
drug-induced long QT syndrome and prevent the development of life-threatening complications. The rhythm
strip is a better form of presentation than a single complex, as it is less likely to be misinterpreted due to arti-
facts in the signal.
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BACKGROUND AND SIGNIFICANCE

Drug-induced long QT syndrome (LQTS) is a cardiac abnormality
that can increase the risk of a life-threatening arrhythmia, known as
torsades de pointes (TdP), which may lead to syncope, drowning,
and sudden cardiac death.'® LQTS is a side effect of more than 100
commonly prescribed QT-prolonging medications including antiar-
rhythmic drugs, antihistamines, and antidepressants.** People tak-
ing these medications may not experience any symptoms, and

sometimes a prolonged QT interval can only be detected by examin-
ing an electrocardiogram (ECG).*™®

An ECG is a graphical representation of the electrical activity of
the heart and is widely applied in clinical practice to assess heart
function and detect cardiac pathologies.” The QT interval represents
the duration of time to complete the ventricular depolarization and
repolarization cycle and is measured in the ECG from the beginning
of the QRS complex to the end of the T wave."! LQTS occurs
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when the repolarization of the heart following a heartbeat is delayed
and appears as an elongated QT interval on the ECG."'° There is
also a congenital LQTS caused by mutations in certain genes. People
with this disorder might be excluded from using QT-prolonging
drugs.®!!

Frequent monitoring is advisable for people who are at high risk
of acquiring LQTS including patients who take prescribed QT-

prolonging medications'?

or patients participating in a clinical trial
for a new drug.'*'* Several studies have investigated the effective-
ness of utilizing ambulatory ECG devices to monitor patients’ ECG
remotely,"**'® but this approach still relies on clinicians being able
to access and interpret the ECG. An additional complication is that
health status, age, sex, and ethnicity all influence a patient’s ECG in
general and the QT interval specifically.'®”'® It has been shown
that there is no “cutoff” value for deciding whether, in isolation, the
QT interval is normal, short, or prolonged.'” A personalized moni-
toring solution that considers a patient’s reading against their
“normal” baseline ECG has the potential to address some of these
issues.

While there are computerized methods for measuring QT inter-

d,"”72° and human visual

val, the reliability of these methods is limite
validation is strongly recommended.?***?” In addition to this, the
accuracy of automated ECG interpretation methods is affected by
several factors including the presence of abnormal sinus rhythm
such as atrial arrhythmias** or a poor-quality ECG signal.>>**%7
Moreover, abstracting the ECG data purely into numbers also risks
masking other potential abnormal clinically significant changes in
the ECG morphology. For instance, specific T-wave patterns can aid
detection of LQTS,?® and large T-U waves are known to precede
TdP.?* As such the ECG morphology still provides the richest infor-
mation for recognizing LQTS.

Studies have shown that clinicians find QT-prolongation detec-
tion difficult.’® While QT experts achieve a high level of accuracy
(96%), other clinicians, even those who routinely read ECGs, can
perform poorly (<25%).*" Training is important; in a study in
which students were taught to use the tangent method, they per-
formed significantly better than arrhythmia experts and cardiolo-
gists.3 2

If patients or their carers or family members can use a clinically
reliable ECG monitoring device at home and receive the right train-
ing to detect specific types of abnormality, this raises the possibility
of self-monitoring outside of the clinical environment. Self-care and
self-monitoring have been shown to empower patients with knowl-
edge about their condition, which can reduce anxiety.>?

Psychophysical experiments are used to model a human’s ability
to distinguish a difference in physical stimuli.***% In a classical psy-
chophysical experiment, the parameter of interest is typically the dif-
ference threshold, which estimates the smallest unit or change of a
stimulus a person can detect.’

In cardiology, eye-tracking research has been used to study the
visual behavior of medical practitioners reading an ECG.**% To
date, studies have neither applied psychophysical methods to under-
stand ECG interpretation nor investigated the ability of laypeople to
perceive differences in ECG morphology.

Objective

The primary objective was to quantify a layperson’s ability to detect
a clinically significant drug-induced QT interval prolongation when
compared to a “normal” ECG (baseline). The secondary objective

was to determine whether the presentation of the ECG (as a single
complex or a 10-second rhythm strip) affects this ability.

MATERIALS AND MIETHODS

Participants

Thirty participants (15 men and 15 women) with no experience in
ECG interpretation were recruited from a university campus (26 stu-
dents and 4 staff). The mean age was 26 = 6 years. Participants were
asked to rate their knowledge of ECGs or ECG interpretation; only
people who identified as having no knowledge were included.

Stimuli design

The ECG stimuli were taken from a clinical study conducted to as-
sess QT interval changes in healthy subjects receiving medication
known to cause QT prolongation.®” As the study is motivated by the
potential for self-monitoring, we selected data from a single partici-
pant, whose QT interval was seen to rise to prognostically danger-
ous levels. The subject (a 35-year-old man) had normal QT intervals
(QT interval <430 ms) prior to taking the medication dofetilide (a
class III antiarrhythmic); he subsequently experienced a gradual in-
crease in the QT interval, and eventually reached very high QT pro-
longation (QT interval = 579 ms). The ECGs sampled all had a heart
rate of 60 beats/min to ensure it was possible to compare QT inter-
vals without having to apply a heart rate correction formula (QTc).
The QT values used were 417, 421, 430, 441, 485, 537, and
579 ms. It was not possible to select a fixed increase of QT interval
for 2 reasons. First, the subject experienced a variable increase in the
QT interval over 24 hours, after receiving a single dose of the medi-
cation. Second, as we limited our selection to ECGs that have a
heart rate of 60 beats/min, only 7 ECGs were available for this rep-
resentative case. The dataset and its sources can be found in the
PhysioNet database,*® and the clinical trial study can be found in

Johannesen et al.*’

Study design
The experiment used a counterbalanced within-subjects design with
2 independent variables:

* QT interval difference (see Table 1), with 7 levels ranging from 0
(no difference) to 6 (highest difference);

* ECG signal presentation format (see Figure 1), with 3 versions,
in which each consisted of a baseline complex with a normal QT
interval and a comparison complex with either a normal or pro-
longed QT interval:

1. Two single ECG complexes without R-wave alignment.
2. Two single ECG complexes aligned on the R wave.
3. Two 10-second rhythm strips showing 10 complexes.

Each participant completed 21 trials (7 for each presentation
format).

We used the method of constant stimuli, in which the levels of
QT interval change in the comparison stimulus are presented ran-
domly and are not related from one trial to the next. This reduces
errors of habituation and expectation as the participant cannot pre-
dict the level of the next stimulus.** Participants completed all trials
for one format before moving to the next. The order of presentation
formats was counterbalanced across participants.
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Table 1. QT values acquired from the clinical trial between the baseline and the comparison stimuli

QT Value of the QT Value of the

Trial Level of Difference Baseline ECG (ms) Comparison ECG (ms) Value of QT Increase Clinical Rating
1 0 (no difference) 417 417 0 Normal

2 1 (smallest difference) 417 421 4 Normal

3 2 417 430 13 Borderline

4 3 417 441 24 Borderline

5 4 417 485 68 Prolonged

6 N 417 537 120 Very prolonged
7 6 (highest difference) 417 579 162 Very prolonged

Note: As the heart rate was 60 beats/min, the QT is the same as the corrected QT (interval using Bazett’s formula. The clinical rating was determined based on

the suggested Bazett-corrected QT interval values for diagnosing QT prolongation in adult men.

ECG: electrocardiogram.

Single Complexes Without
Signals Alignment

|

A }

Single Complexes With
Signals Alignment

i
N il

Rhythm Strip

Figure 1. Example of the 3 presentation formats showing a baseline stimulus
of a normal QT interval (QT interval=417 ms, heart rate=60 beats/min)
above a comparison stimulus of a prolonged QT interval (QT inter-
val =537 ms, heart rate =60 beats/min).

Apparatus

A Tobii X2-60 eye tracker and Tobii Studio 3.2 software were used
to record eye gaze with a sampling rate of 60 Hz. Gaze coordinates
were recorded every 16.7 ms. Audio was recorded to collect partici-
pants’ verbal answers.

Task and procedure
Participants were introduced to the ECG trace and shown how to
identify the location of the QT interval. Then, each participant com-
pleted an assessment task, in which they were asked to highlight the
location of QT intervals on 3 different ECGs. Participants were also
shown how to determine the interval length by counting the grid
squares between the beginning of the Q wave and the end of the T
wave. People were not asked to determine what a normal QT was,
but rather to look for a change in its length. Accordingly, this prepa-
ration session did not involve any medical terms, clinical methods or
high-level training techniques typically associated with ECG inter-
pretation.

The experiment used a classical psychophysical discrimination
task known as 1-alternative forced-choice same-different task, also
occasionally known as 2IAX or AX.>® Participants were presented

10,41

with 2 ECGs—a baseline stimulus in which the QT interval is nor-
mal (no QT interval prolongation) above a comparison stimulus
that represents a change in the QT interval—and they had to decide
whether the QT intervals of the 2 stimuli were the same or different.
We presented the baseline stimulus above the comparison stimulus
in all trials, and the participants were aware that the “normal” base-
line was always positioned at the top. One trial shows the same
ECG for the baseline and the comparison stimuli. Another 6 trials
present the baseline as the “normal” QT interval (417 ms), and the
comparison as “longer” QT interval of 421, 430, 441, 485, 537, or
579 ms. Table 1 shows the difference between the 2 ECGs in each
trial. The participants indicated verbally whether there was a differ-
ence in the QT intervals. There was no time limit imposed.
The answers were recorded on a paper sheet during the experiment
by the researcher and reviewed via the audio recording after the
experiment.

Analysis
Two types of assessment were used to analyze participants’
responses.

Assessment 1

For the trial in which the QT interval was the same for the baseline
and comparison stimuli (ie, level 0) (Table 1), participants’
responses were assessed for detection of negative findings measured
as true negatives (ie, correct reject) and false positives (ie, false
alarm). A false alarm response is registered when there is no QT in-
terval difference but participants report that there is, and a correct
reject response is recorded when they correctly identify the QT inter-
vals as the same.

Assessment 2

For the 6 trials that showed increases in the QT interval (ie, levels
1-6) (Table 1), participants’ responses were assessed for detection of
positive findings as true positives (ie, when participants correctly
perceived a difference in the QT intervals) and false negatives (ie,
when they did not perceive a difference in the QT intervals when a
difference was present). This assessment was carried out using the
psychometric function, an inferential model applied in psychophysi-
cal detection and discrimination tasks. It was used to model the rela-
tionship between the gradual increase in the QT interval and the
forced-choice responses of the participants. The psychometric func-
tion was plotted as the proportion of correct responses as a function
of QT interval, and the just noticeable difference (JND) threshold
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was estimated. In psychophysics, the JND is defined as the minimum
amount of change necessary in a stimulus to be just noticeable and
detectable. In this study, we defined it as the minimum amount of
QT interval change required to be just discriminable. We estimated
the 50% and 75% JND thresholds as the value of QT interval in the
comparison stimulus at which the proportion of correct responses is
equal to 0.5 and 0.75, respectively. These JND thresholds were then
used to determine the point at which participants were able to detect
a clinically relevant difference. The equations used for estimating
the JND thresholds were defined as follows:

JND (in ms) = OT value of the comparison stimulus at 50% cor-
rect answers — QT value of the baseline stimulus

Equation 1. The just noticeable difference (50%) threshold estima-
tion formula.

JND (in ms) = QT value of the comparison stimulus at 75% cor-
rect answers — QT value of the baseline stimulus

Equation 2. The just noticeable difference (75%) threshold estima-
tion formula.

To facilitate the calculation of eye movement metrics, areas of
interest (AOIs) were created on the stimuli using Tobii studio soft-
ware. For the single ECG complex presentation format—with or
without signals alignment—2 areas of interest were created: 1 for
the baseline stimulus and 1 for the comparison stimulus. For the
rhythm strip presentation format, an AOI was created for each ECG
complex, resulting in 10 AOIs for the baseline stimulus and 10 AOIs
for the comparison stimulus. Figure 2 illustrates these areas of inter-
est for the rhythm strip presentation format. The eye-tracking metric
total fixation duration, which indicates the total length of time par-
ticipants fixated on a given AOI, was calculated for the 3 presenta-
tion formats (in the case of the rhythm strip stimulus, this was
cumulative across all AOIs). Additionally, the percentage fixated
metric, which is the percentage of participants who fixated at least
once within an AOI, was calculated for each ECG complex in the
rhythm strip presentation format.

RESULTS

Assessment 1: correct reject and false alarm

For the trial which showed no prolongation of QT interval (ie, the
baseline and comparison were the same), the percentage of correct
reject responses was 93.33% and false alarm rate was 6.66% in the
rhythm strip presentation, demonstrating that only 2 participants of
30 incorrectly perceived a difference in QT interval in which no dif-

U1_Comparsion.& ) {1 Comparsion.C I L1 Comparsion.0 L1 Comparsion € ]

I(&I.J._C,um parsion_A |

ference exists. In the case of the single complex without signals
alignment, correct reject rate was 90% and false alarm rate was
10%. In the condition with signals alignment, the correct reject rate
was 100%.

Assessment 2: the psychometric function

The psychometric function modeling shows an incremental cumula-
tive distribution curve in the rhythm strip presentation, indicating
that the proportion of people able to perceive the difference in the
QT interval grew as the QT interval increased. Data from the single
ECG complex presentations, both with and without signals align-
ment, showed a different pattern, as a large number of people
appeared able to detect the smallest possible difference. As it is un-
likely that a person can perceive a small increase in a stimulus level,
but not perceive a higher increase, this is likely to be due to an arti-
fact in the particular complex used as a stimulus. Figure 3 illustrates
the psychometric function model for the 3 presentation formats.

JND threshold

The JND was estimated only from the rhythm strip format as it
showed the most reliable results. The 50% and 75% JND thresholds
(QT and 88ms (QT
val =505 ms), respectively, and were determined from fitting the
psychometric function using a logistic function with maximum like-
lihood estimation.

were 30ms interval =447 ms) inter-

Total fixation duration

The mean of total fixation durations were 3.85 = 5.21 seconds for
the rhythm strip presentation, 1.82 *2.21seconds for the single
complex with signal alignment and 1.62 = 2.75 seconds for the sin-
gle complex without signal alignment across all trials. The mean of
total fixation duration differs significantly between the 3 presenta-
tion formats for all trials when compared with a Friedman test,
x*(2)=0.20, P < .05, as seen in Figure 4 and Table 2. This shows
that people fixated significantly longer in the rhythm strip condition
than either of the single complex conditions.

Percentage fixated in the rhythm strip AOls

The percentage of rhythm strip AOIs fixated was calculated to deter-
mine whether people looked at more than 1 ECG complex before
making their decision (see Figure 5).

In any given trial, participants fixated on average at least 4 ECG
complexes for either the baseline or the comparison stimulus before
making their decision. Participants looked at the first 5 ECG com-
plexes (from left to right, ie, the AOIs A-E in Figure 5) more than
the other complexes. Heat maps of mean fixation frequency also
show this result (Figure 6¢).

ii

Figure 2. The areas of interest for the rhythm strip presentation format. Each area of interest represents 1 electrocardiogram complex.
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Figure 3. The psychometric function plot showing the proportion of correct responses on the y-axis as a function of QT interval on the x-axis for the 3 presentation
formats.

12 [ Rhythm strip
[ Single complex without signals alignment
¥ Single complex with signals alignment

9 -
c
Rel
-
©
| -
=
(]
[
O -
re)
©
X
e
s
5 .
'—
[T
(o]
c
m 3-
V] !
> !
D -
Trial 1 Trial 2 Trial 4 Trial 5 Trial 6 Trial 7
(No difference)  (smallest (Highest
difference) difference)

Figure 4. Mean of total fixation duration in seconds for the 3 presentation formats as a function of QT interval difference across all trials. The error bars represent
SEM.
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DISCUSSION

The study showed that laypeople can perceive a clinically significant
prolongation of the QT interval at a low normal heart rate (60
beats/min) with minimal training. The estimated JND thresholds in-
dicate that 50% of people perceived the difference when the QT in-
terval was borderline (QT interval =447 ms and JND =30 ms) and
75% of people perceive an even longer difference (QT inter-
val=505ms, ]ND=80ms). This provides evidence that people
could be trained to self-monitor for LQTS. Although the QT-
prolongation above 500ms is considered a risk factor for TdP,*
clinical research has shown that even a small (~10ms) QT interval
increase from the baseline is considered a significant side effect of a
QT-prolonging drug.***

The analysis from both the psychometric function and eye-
tracking data show that the rhythm strip presentation is preferable

Table 2. Results of the Friedman test comparing the mean of total
fixation duration across the 3 presentation formats

to the single complex presentation, as it is less susceptible to artifacts
in the ECG morphology. The psychometric function model showed
that participants’ responses in the rhythm strip condition formed a
linear curve showing a proportional relationship between the per-
ceived difference and the gradual increase of QT interval. This is in con-
trast with the single complex presentation, which appeared to show
that people were able to detect a very small difference more easily than
a longer one. This suggests that people need to view more than 1 ECG
complex to come to an accurate decision. The eye-tracking data sup-
ports this argument. People looked on average at least 4 ECG com-
plexes before making a decision (Figures 5 and 6C). Figure 6A and 6B
show a heatmap of fixations in the single complex presentation, in
which the majority occurred on the end of the T wave.

Study limitations and future work

This study only examined the perception of QT interval prolonga-
tion and it is not clear whether laypeople could identify other abnor-
malities, such as changes in ST-segment elevation. The ECGs had a
single, normal heart rate of 60 beats/min. Detecting a difference
could be more difficult at higher or lower heart rates, and future

Trial Level of Difference 72) P Value ) . . ) ’ )
work should investigate this. Although detection rates in this study
1 0 (no difference) 7.008 .030 compared favorably to those of some clinicians,>® it should be noted
2 1 (smallest difference) 7.681 .021 that a different paradigm was used in the current study (forced
3 2 7.267 026 choice rather than classification), and as such the results are not di-
4 3 7.681 021 rectly comparable. The study examined people’s ability to detect a
N 4 12.067 .002 Lo e . ..
p s = 800 020 QT prolongation in terms of sensitivity (identifying true positives).
7 6 (highest difference) 14467 001 F.uture work should als.o examine S.pC.CIflClty. (Aldentlfymg tr.ue nega-
tives) as well as measuring the predictive positive value, which is the
40% =
. Baseline
. Comparsion
30% -
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@
o
2 20% -
[
g
[
a
10%- ' ' ‘
0% -
L} L L} L L L L] L] L] L
A B Cc D E F G H 1 J

Areas of Interests (AOI)

Figure 5. Percentage of people fixating on the areas of interest (AOls) in the rhythm strip presentation, averaged across all trials. Each AOI represents a single

electrocardiogram complex.
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A Single Complex Without Signals Alignment

B Single Complex With Signals Alignment

Figure 6. A heatmap of mean fixation count for the 3 presentation formats of trial number 1, showing the smallest difference in QT interval. The presentation for-
mats are (A) single complex without signals alignment, (B) single complex with signals alignment and (C) rhythm strip.

proportion of positive results reported by the participant that are
truly positive. This is important for understanding the practical
aspects of self-monitoring.

The data used to design the stimuli were acquired from a 12-lead
ECG, and not a mobile monitoring device, in which the signal is likely
to be less reliable and affected by noise. The psychophysical task
employed in this study can yield a biased response, as people may be
more inclined to respond by saying “different” or “the same.” A 2-al-
ternative forced-choice task can guard against this, as it forces the par-
ticipant to choose the stimulus that has the longer QT interval.

CONCLUSIONS

Laypeople can detect a clinically significant QT interval prolonga-
tion in a standard ECG signal presentation, when compared with a
“normal” ECG baseline. A rhythm strip, which shows more than 1
ECG complex, is less likely to cause misperception of the QT inter-
val. The results show the potential for training laypeople to self-
monitor their ECG outside of the clinical environment, which may
help with more rapid identification of drug-induced LQTS, and en-
able treatment to be altered to prevent the development of life
threatening complications.
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