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Abstract
Background Maintaining adequate situation awareness is crucial for patient safety. Previous studies
found that the use of avatar-based monitoring (Visual Patient Technology) improved the perception of
vital signs compared to conventional monitoring showing numerical and waveform data; and was further
associated with a reduction of perceived workload. In this study, we aimed to evaluate the effectiveness
of Visual Patient Technology on perceptive performance and perceived workload when monitoring
multiple patients at the same time, such as in central station monitors in intensive care units or operating
rooms.Methods A prospective, within-subject, computer-based laboratory study was performed in two
tertiary care hospitals in Switzerland in 2018. Thirty-eight physician and nurse anesthetists volunteered
for the study. The participants were shown four different central monitor scenarios in sequence, where
each scenario displayed two critical and four healthy patients simultaneously for 10 or 30 seconds. After
each scenario, participants had to recall the vital signs of the critical patients. Perceived workload was
assessed with the National Aeronautics and Space Association Task-Load-Index (NASA TLX)
questionnaire.Results In the 10-second scenarios, the median number of perceived vital signs
significantly improved from 7 to 11 using avatar-based versus conventional monitoring with a median of
differences of 5 vital signs, p < 0.001. At the same time, the median NASA TLX scores were significantly
lower for avatar-based monitoring (67 vs. 77) with a median of differences of 5 points, p = 0.024. In the
30-second scenarios, vital sign perception and workload did not differ significantly.Conclusions In central
monitor multiple patient monitoring, we found a significant improvement of vital sign perception and
reduction of perceived cognitive workload using Visual Patient Technology, compared to conventional
monitoring. The technology enabled improved assessment of patient status and may, thereby, increase
situation awareness and enhance patient safety.

Background
The World Health Organization, in its guidelines for safe surgery, considers the continuous presence of a
professionally trained and vigilant anesthesia provider using standardized patient monitoring to be of
central importance for safe perioperative care. The range and scope of applied monitoring may vary but
should match minimal requirements and never substitute clinical observation and assessment[1]. Patient
monitoring displays large amounts of information and may include various acoustic and visual signals,
e.g., alarm sounds, waveforms, and numbers. Anesthesia providers must invest high mental effort to
observe patients and their appendant surroundings continuously, and to integrate these sensory inputs
into a mental model of the current situation and the expected immediate future. A technical definition of
situation awareness provided by Endsley is: “the perception of the elements in the environment within a
volume of time and space, the comprehension of their meaning and a projection of their status in the
near future”[2-4]. Maintaining situation awareness is an important non-technical skill as it enables
informed decision making: To make a well-founded decision, a decision maker must first correctly assess
the situation at hand. In the operating room and the intensive care unit, maintaining situation awareness
goes beyond just patient monitoring and is a continually evolving multi-directional process that takes
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place between care providers and their environment, which may include, e.g., the patient, other team
members, external and self-induced distractions. Actions and events like these, may change the care
providers’ mental model and influence their further actions[5].
Errors in situation awareness can occur on all three levels: 1. perception; 2. comprehension; 3. projection,
but with a predominant proportion in perception and comprehension. A subcategory of perception errors
is failure to detect or perceive data, which is available in a system, e.g., overlooking a value on a patient
monitor even though it is displayed.[3-6] Although monitors are a vital source of information,
observational studies have found that anesthetists look at monitors in 1- to 2-second glances and overall
only during about 5% of the observed time.[7,8] It has also been found, that increasing the amount of
information shown on monitors, reduces the ability to detect unexpected changes even when a visual
event or change is in plain view[9-11]. This phenomenon is called inattentional blindness and is a major
cause of situation awareness failure[12-14].
To improve situation awareness, minimize inattentional blindness, and potentially enhance patient safety,
presentation of monitoring information can be redesigned. One possibility is through transformation of
the multitude of numbers and waveforms on current monitors into objects and pictures, which may be
simpler to interpret. One research group developed an interface that represents stroke volume and heart
rate as a rectangle with variable height and width, and another group created a display that depicts
pulmonary function data anatomically[15-17]. A review article found that object or graphical displays
may result in a faster detection of changes and more successful treatment[18].
In a previous study, Visual Patient Technology, a situation awareness-based monitoring technology that
displays patient status using a virtual animated patient avatar, improved the perception of vital sign
information in anesthesia providers, reduced the perceived workload and received positive user
feedback[19-21].
In this study, we aimed to evaluate whether or not the previously found effects of Visual Patient
Technology can be replicated in monitoring multiple patients at the same time, as commonly used in
current operating room and intensive care central station monitors.
The hypothesis of this study was that there would be an improvement in perceptive performance as well
as in perceived workload with Visual Patient Technology, analogous to the previous study.

Methods
Study participants
We conducted this multicenter study in Switzerland with anesthesia providers from the University
Hospital Zurich (USZ) and the Cantonal Hospital Winterthur (KSW). We included participants according to
a predefined scheme so that in both centers the sample was gender-balanced and included the same
number of participants of the three occupational groups of senior anesthetists, resident anesthetists, and
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subspecialized nurse anesthetists. This procedure enabled us to include a sample representative for all
persons in the anesthesiology departments and reduced the risk of selection bias.

Study design
Study procedure
We conducted a computer-based laboratory study. The participants sat with a data collector in a room
where they could observe and evaluate the patient monitoring scenarios undisturbed. Before each
session, participants completed a demographic survey, watched a 6-minute instructional video on avatarbased monitoring, familiarized themselves with the traditional central station monitor interface, and
received a study briefing explaining the required tasks. The Visual Patient Instructional Video, which
explains the technology in more detail, is available as Supplementary Video 1. Each participant then
evaluated four scenarios presented in random order showing each two critical and four healthy patients.
These scenarios consisted of two identical scenarios shown to each participant in avatar-based and
conventional form, hence the total of four scenarios. Participants were not aware of the two identical
scenarios. After each scenario, participants recited the status of the vital signs of the critical patients
aloud, and the data collector interrogated vital signs not actively mentioned. The vital signs had to be
classified as either "too high", "normal", "too low" or "not perceived". Also, after each scenario, participants
completed the National Aeronautics and Space Administration (NASA) Task Load Index (TLX)
questionnaire, a validated measure of perceived workload[22,23]. We showed participants 10- and for 30second scenarios to investigate effects of different viewing times. The participants watched either only
the 10-second or only the 30-second scenarios. The conventional scenarios showed only the conventional
display of the vital signs as numbers and curves. The avatar-based scenarios showed the animated
avatar display in addition to the conventional display. To attain optimum realism, we highlighted
abnormal vital signs in the scenarios. To attain equal conditions for all participants, we played scenarios
as videos recorded using the app SimMon (Castle 2 Andersen ApS, Hillerød, Denmark) simulating a GE
Datex Ohmeda monitor (General Electric Company, Boston, MA, USA). Figure 1 shows monitoring
scenario examples of both technologies. Supplementary Video 2 shows all scenarios used in this study.
We collected data for this study using an iPad-based data collection tool[24].

Scenarios
The critical patients in scenario 1 were a patient in septic shock and a patient with endotracheal tube
obstruction. We simulated septic shock as pulse rate, respiratory rate and temperature too high, blood
pressure, oxygen saturation and end-expiratory carbon dioxide concentration too low, other vital signs
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normal. We portrayed endotracheal tube obstruction as oxygen saturation, end-expiratory carbon dioxide
concentration and tidal volume too low, other vitals normal.
The critical patients in scenario 2 were a patient in cardiopulmonary arrest and a patient with malignant
hyperthermia. We simulated cardiopulmonary arrest as pulse rate, blood pressure, oxygen saturation, endexpiratory carbon dioxide concentration too low, ST-segment too high, other vital signs normal. We
presented malignant hyperthermia as pulse rate, end-expiratory carbon dioxide concentration and body
temperature too high, blood pressure too low, other vitals normal.

Outcome measures
The primary objective of this study was to compare the perceptual performance of anesthesia providers
observing central station patient monitor scenarios with both technologies. Therefore, we compared the
number of vital signs participants correctly identified with both monitoring technologies. A secondary
objective was to compare the perceived workload during the task with both technologies.

Statistical analysis
We express distribution of variables as medians with interquartile range (IQR) regardless of normality. To
assess normality, we used the Shapiro-Wilks test and visual inspection of quantile-quantile plots of
dependent variables. To compare perceptive performance and perceived workload between avatar-based
and number and waveform-based monitoring scenarios, we used paired t-test for normally distributed
data or Wilcoxon matched-pairs signed-ranks test for non-normally distributed data. Median of difference
are computed using the Hodges-Lehmann estimate and confidence intervals (CI) for median of difference
are calculated by the Hodges-Lehmann method. Since the Wilcoxon signed-ranks test works with ranks, it
is usually not possible to get a CI with exactly 95% confidence. If this is the case, we always present the
precise rank dependent value of the CI. To assess differences between study sites for statistical
significance, we used Mann-Whitney or Fisher's exact test. We used GraphPad PRISM 8.1.1 (GraphPad
Software Inc., CA, U.S.A.) for statistical analysis and creation of figures. A p-value of less than 0.05 was
considered to indicate statistical significance, and between 0.05 and 0.1 to indicate a tendency.

Sample size
We calculated the sample size for this study with the standard deviation of 0.81, which we found in a
pilot study with six participants, and assumed the clinically relevant difference at one vital sign. At the
specified standard deviation and for the assumed clinically relevant difference, the required sample size
for a paired t-test with a power of 80% at a significance level of 5% is 8 participants. To detect a
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difference of one vital sign with the specified power at the 5% significance level in each center, for both
scenarios, and both viewing durations, we had to include at least 16 participants per center, or 32
participants total, who each evaluated two scenarios.

Results
Table 1 shows the study and participant characteristics. The samples from the two centers showed no
statistically significant differences regarding occupational groups, gender, age or anesthesia experience.
We recruited 16 participants at USZ and 22 participants at KSW.

Outcome measures
Figure 2 compares the anesthesia providers’ perceptual performance between avatar-based and
conventional monitoring in the 10-second scenarios. Using avatar-based monitoring, anesthesia providers
perceived a median of 11 (IQR 8 to 15) vital signs, compared to only 7 (IQR 4 to 9), using conventional
monitoring, p<0.001, median of differences 5 vital signs (97.99% CI 0 to 7). Figure 3 compares the
perceived workload in the 10-second scenarios. Using avatar-based monitoring, anesthesia providers had
a lower median NASA TLX score of 67 (IQR 51 to 75), compared to 77 (IQR 51 to 84), using conventional
monitoring, p = 0.024, median of differences 5 (97.99% CI 0 to 10). In the 30-second scenarios, the
differences between the avatar and conventional monitoring were not statistically significant. Anesthesia
providers perceived a median of 16 (IQR 13 to 18) vital signs with the avatar, vs. 15 (IQR 13 to 17), using
conventional patient monitoring, p = 0.055. Likewise, NASA TLX scores did not differ in the more
extended 30-second scenarios with a median score of 60 for both technologies, p = 0.59. Figures 4 and 5
show these results.

Discussion
Situation awareness errors may endanger patient safety, and therefore, maintaining an adequate
situation awareness is an important non-technical skill of anesthesia providers[25]. This multicenter
computer-based laboratory study focused on studying perception errors, which are the principal cause of
situation awareness failures[3-6]. Anesthesia providers monitored multiple central monitor scenarios
using an avatar-based virtual patient model and a conventional number- and waveform-based monitor.
After an observation period, the computer screen darkened and participants had to recall patient status of
the two critical patients shown in each scenario, and rate their perceived workload using the NASA TaskLoad-Index questionnaire.
Participants’ perceptive performance improved significantly in the 10-second avatar-based scenarios by a
median of difference of 5 vital signs. Perceived workload also decreased significantly by a median of
difference of 5 points in NASA TLX score, compared to the 10-second conventional scenario. These
results for avatar-based monitoring of several patients at the same time, are similar to previous studies,
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which investigated the effects of avatar-based monitoring for monitoring one patient at a time and for
monitoring with peripheral vision[19-21].
The fact that the improvement in perceptive performance in the 30-second scenarios was smaller, and not
statistically significant, suggests that avatar-based monitoring might be especially helpful when looking
at monitors in short glances, which reflects reality in clinical work[7].
The reduced perceived workload of participants with avatar-based monitoring is of particular relevance,
since central monitors are commonly located in areas with a high interaction between the observer and
their environment, e.g. co-workers, noise, visitors or phone-calls.5 Increased workload is associated with
stress, perception errors and consequently impaired decision-making, all jeopardizing patient safety[26].
In this context, researchers identified inattentional blindness as a common form of perception
error[10,11,27]. This may especially occur in change detection and in unexpected events[9].
In addition to simplifying the presentation of monitoring information, as Visual Patient Technology does,
there have been other attempts to improve users' situation awareness. One study, e.g., analyzed a vibrotactile-belt display, which mapped and converted monitoring parameters and their changings into
stimulation patterns[28]. Another study, which evaluated the potential of a head-worn display for multiple
patient monitoring in supervising anesthetists, found improved situation awareness[29]. The emergence
of these technologies represents a growing awareness of shortcomings of conventional monitoring[30].

Limitations
This study was conducted as a computer-based laboratory study and as such has some specific
limitations. Most importantly, this study did not test any patient outcome measures and only tested the
technology in an undisturbed and simulated environment, which excluded potential effects of
distractions that could be present in a real environment. It is, therefore, unclear how the results would
translate into a real operating room or intensive care unit environment. Also, workload was measured with
the NASA Task-Load-Index. Although this is a validated and commonly used tool, there are other, more
direct, measures of stress, which we did not assess in this study, e.g., participants’ heart rate variability or
pupil dilation[31-33].

Strengths
This multicenter study found a clinically and statistically significant performance improvement in the 10second scenarios with Visual Patient Technology. The variety of anesthesia providers included into this
study, with different professional experience and positions, as well as age and sex, increases external
validity.
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Conclusions
This study provides empirical evidence that avatar-based monitoring (Visual Patient Technology) in a
central monitor station, when monitoring multiple patients at the same time, improves perception of vital
sign information and reduces perceived workload, especially, when the monitor observation is of short
duration. The next studies with the avatar-based technology should be conducted in a real or high fidelity
simulated environment to factor in the effects of distraction, and assess direct measures of stress.
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Tables
Table 1: Study and participant characteristics.
KSW
Study duration in days (period)

USZ

p-value

12
(September 24th 2018 – October 5th 2018)

Total number of participants

22

16

Number of senior anesthetists (%)

6 (27%)

4 (24%)

p>0.99

Number of resident anesthetists (%)

7 (32%)

6 (38%)

p=0.74

Number of subspecialized nurse anesthetists (%)

9 (41%)

6 (38%)

p>0.99

Number of female/male participants (%)

12 (55%) / 10 (45%)

9 (56%) / 7 (44%)

p>0.99

Age of participants in years (%)

25 – 34: 7 (32)

25 – 34: 9 (56)

p=0.084

35 – 44: 9 (41)

35 – 44:6 (38)

45 – 54: 5 (23)

45 – 54: 0 (0)

54 – 65: 1 (4)

54 – 65: 1 (6)

Anesthesia experience

1 – 5: 5 (23)

1 – 5: 8 (50)

of participants in years

5 – 10: 4 (18)

5 – 10: 4 (25)

(%)

> 10: 13 (59)

> 10: 4 (25)

Figures
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p=0.21

Figure 1
Scenario 1 showing a critical patient in septic shock and another patient with an endotracheal tube
obstruction. (A) Avatar-based presentation. (B) Conventional, number and wave-form presentation.
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Figure 2
Perceptive performance in the 10-second scenarios. Dotted line is the median number of correctly
perceived vital signs, which was 11 with avatar-based monitoring and 7 with conventional monitoring (p <
0.001).
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Figure 3
Perceived workload in the 10-second scenarios. Dotted line is the median NASA-TLX score, which was 67
with avatar-based monitoring and 77 with conventional monitoring (p = 0.024).
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Figure 4
Perceptive performance in the 30-second scenarios. Dotted line is the median number of correctly
perceived vital signs, which was 16 with avatar-based monitoring and 15 with conventional monitoring (p
= 0.055).
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Figure 5
Perceived workload in the 30-second scenarios. Dotted line is the median NASA-TLX score, which was 60
with avatar-based monitoring and also 60 with conventional monitoring (p = 0.59).
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