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Evaluation of Digital Health Strategy to
Support Clinician-Led Critically Ill Patient
Population Management: A Randomized

Crossover Study

OBJECTIVES: To investigate whether a novel acute care multipatient viewer
(AMP), created with an understanding of clinician information and process
requirements, could reduce time to clinical decision-making among clinicians car-
ing for populations of acutely ill patients compared with a widely used commercial
electronic medical record (EMR).

DESIGN: Single center randomized crossover study.
SETTING: Quaternary care academic hospital.

SUBIJECTS: Attending and in-training critical care physicians, and advanced
practice providers.

INTERVENTIONS: AMP.

MEASUREMENTS AND MAIN RESULTS: We compared ICU clinician per-
formance in structured clinical task completion using two electronic environ-
ments—the standard commercial EMR (Epic) versus the novel AMP in addition
to Epic. Twenty subjects (10 pairs of clinicians) participated in the study. During
the study session, each participant completed the tasks on two ICUs (7-10 beds
each) and eight individual patients. The adjusted time for assessment of the entire
ICU and the adjusted total time to task completion were significantly lower using
AMP versus standard commercial EMR (-6.11; 95% CI, -=7.91 to —4.30min and
-5.38; 95% CI, -7.56 to —3.20 min, respectively; p < 0.001). The adjusted time
for assessment of individual patients was similar using both the EMR and AMP
(0.73; 95% CI, —0.09 to 1.54 min; p = 0.078). AMP was associated with a signif-
icantly lower adjusted task load (National Aeronautics and Space Administration-
Task Load Index) among clinicians performing the task versus the standard EMR
(22.6; 95% ClI, —32.7 to —12.4 points; p < 0.001). There was no statistically sig-
nificant difference in adjusted total errors when comparing the two environments
(0.68; 95% Cl, 0.36-1.30; p = 0.078).

CONCLUSIONS: When compared with the standard EMR, AMP significantly
reduced time to assessment of an entire ICU, total time to clinical task comple-
tion, and clinician task load. Additional research is needed to assess the clini-
cians’ performance while using AMP in the live ICU setting.

KEY WORDS: clinical decision support; clinical informatics; cognitive load;
electronic medical record; intensive care unit

vides a multitude of patient-related information captured during eve-
ryday care and decision-making (1). As the ICU is a complex hospital
setting, the quantity of information generated from the ICU patient can be 10
times more than in other hospital settings (2, 3). In their study of information

3 standard commercial electronic medical record (EMR) stores and pro-
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Question: Whether a novel acute care multipa-
tient viewer (AMP) can reduce the time required
for clinical decision-making by clinicians caring for
populations of acutely ill patients, when compared
with a widely used commercial electronic medical
record (EMR).

Findings: In this randomized crossover study,
AMP was associated with a significantly shorter
time to assessment of an entire ICU and signifi-
cantly shorter total time to clinical task completion,
and reduced clinician task load.

Meanings: AMP may support clinicians caring
for populations of acutely ill patients by reducing
the time needed to assess and complete tasks on
patients, compared with a standard EMR.

. J

generation in the critical care setting, Manor-Shulman
et al (4) reported over 1,300 clinical information data
points related to clinical information per day per pa-
tient. This vast amount of information has significant
implications for clinician cognitive reasoning, timeli-
ness of medical decision-making, and can contribute
to medical errors (5-9).

The timeliness of decision-making and interven-
tions for acutely ill patient significantly impacts mor-
bidity and mortality (10, 11). Early identification of
patients who need priority attention and action enables
ICU providers to alter the trajectory of the illness be-
fore it leads to irreversible harm (12).

Previous studies demonstrate that clinicians take
a significant amount of time to process the typ-
ical clinical information associated with the indi-
vidual ICU patient, experience a high cognitive load
as measured using National Aeronautics and Space
Administration-Task Load Index (NASA-TLX), and
commit errors in medical decision-making (5). At the
same time, ICU clinicians focus on a relatively small
subset of available EMR data when making decisions
about individual patients (6). Conversely, the presen-
tation of high value clinical data in user interfaces (a
single-patient critical care viewer) has been shown to
reliably reduce clinician cognitive load, time to deci-
sion and the risk of medical decision-making errors
when caring for individual patients in the ICU (5, 13,
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14). Subsequent studies confirmed the safety and reli-
ability of this approach when deployed in live clinical
settings (15, 16).

However, critical care clinicians usually care for
more than one patient simultaneously. In this context,
identifying patients who need priority attention in the
population of critically ill patients using a standard
EMR can be challenging. Automated strategies which
reliably and safely support the identification of those
patients, who would benefit from immediate attention
or clinical intervention among populations of acutely
ill patients, are not digitized and have not been imple-
mented in the EMR environment (17).

In the current study, we replicated the methodology
and approach that was used to evaluate a single-patient
viewer (5) and applied it to the task of developing and
refining an effective digital health strategy to support
the management of multiple ICU patients concur-
rently. We used a novel acute care multipatient viewer
(AMP), recently introduced to the ICU clinical practice
at Mayo Clinic. The aim of this study was to investigate
whether AMP, created with an understanding of clini-
cian information and process requirements, could re-
duce the time required for clinical decision-making by
clinicians caring for populations of acutely ill patients
compared with a widely used commercial EMR.

METHODS

This was a single-center prospective randomized
crossover study. The study protocol Who needs clini-
cian attention first? Digital health strategies to support
clinician-led critically ill patient population manage-
ment was reviewed and deemed exempt by the Mayo
Clinic Institutional Review Board (IRB) on March
23, 2020 (IRB number 19-012448). The requirement
for written informed consent was waived by the IRB,
and the study was conducted in accordance with the
ethical standards of the IRB at Mayo Clinic and with
the ethical principles described in the Declaration of
Helsinki. The study results were reported using the
Consolidated Standards of Reporting Trials for ran-
domized crossover trials (18) (eTable 1, http://links.
lww.com/CCX/B187).

Study Participants and Recruitment

Study participants were off-duty critical care service
physicians (attending physicians and physicians in
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training) and advanced practice providers (APPs).
We collected demographic data, including age, sex,
role in the ICU, type of ICU they usually work at
(medical, surgical, or other), work experience in crit-
ical care, experience with the standard institutional
EMR and AMP.

We used site-based distribution lists to identity
all ICU attendings, fellows, and APPs. Potential par-
ticipants were invited via individual e-mails with one
reminder sent within 14 days of the first invitation.

Participation was voluntary and no remuneration was
offered.

Study Setting

Mayo Clinic Rochester, Minnesota is a quaternary care
academic hospital including over 200 ICU beds and
providing 24/7 care for more than 16,000 ICU admis-
sions annually. Nine ICUs with a total of 100 ICU
beds were included in this study. Participating units
included Medical, Medical-Cardiac, Cardiovascular
Surgical, Medical-Surgical-Transplant, and Multi-
specialty ICUs.

The study was conducted in two quiet offices
remoted from clinical areas. Each office was equipped
with workstations similar to those used in the ICU
and included two 17-inch monitors, a keyboard, and a
mouse for navigation.

Intervention

In our study, we compared the performance of ICU
clinicians conducting a structured clinical task using
two electronic environments—a standard EMR (Epic)
and an AMP. Epic was implemented at Mayo Clinic in
May 2018 and is one of the most popular EMR systems
employed in more than 250 healthcare organizations
nationwide covering almost a half of the U.S. popula-
tion (19).

AMP is a central alert-screening and implemen-
tation system developed at Mayo Clinic and built on
top of Epic. AMP was first introduced to clinical prac-
tice at Mayo Clinic Rochester in October 2020. AMP
combines advanced analytics, visualization, and alert-
delivery mechanisms into an electronic dashboard to
improve situational awareness (SA), prioritization of
care, and decision-making about cohorts of acutely ill
patients (17, 20, 21). A limited subset of high-priority
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information informs the dashboard (eFig. 1, http://
links.Jlww.com/CCX/B187), and the clinician can view
it as a geographical unit (global view) or by patient
(snapshot). Both interfaces provide an overview of rel-
evant information to inform the development of SA,
leading to prioritization and decision-making of pop-
ulation acute care needs.

Study Procedures

Units for each study session were selected by the au-
thor (S.H.) from the participating ICUs using a
random number table (22). The author (S.H.) checked
the eligibility of patients within the study units before
each session. In this crossover study, pairs of partici-
pants were randomly assigned to complete structured
clinical tasks using either Epic or AMP along with
Epic. Participants logged into the workstation and
were allowed to use any custom settings used in their
everyday clinical practice to complete the tasks. We
provided all participants, regardless of their previous
experience with AMP, a 4-minute educational video
prior to the study, and then allowed them to explore
AMP for several minutes prior to study initiation to get
familiar with overall organization and layout of AMP.

This study used real-time EMR data of critically ill
adult (age > 18 yr) patients admitted to the ICUs at
Mayo Clinic Rochester during the time of the study
session. Both participants within each pair started the
tasks simultaneously, in two different study offices. One
participant in each pair started with AMP along with
a standard institutional EMR. We encouraged partici-
pants to use AMP primarily for task completion, how-
ever, they were free to use the EMR as well. The other
participant started the task with the standard EMR. At
the cross-over participants completed the same task
on the different unit/patients and using the different
electronic environment. Figure 1 illustrates the overall
study design.

Structured clinical task scenarios (eTables 2 and 3,
http://links.lww.com/CCX/B187) were developed by
the study team based on group discussions and insights
from previously conducted semi-structured interviews
with ICU providers about the multipatient viewer or-
ganization. Task scenarios were pilot tested within and
outside the broader research team. The structured clin-
ical tasks included two blocks of questions: questions
related to patient prioritization in the entire unit (7-10
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Figure 1. Crossover study design. AMP = acute care multipatient viewer, EMR = electronic medical record, NASA-TLX = National

Aeronautics and Space Administration-Task Load Index.

patients) and questions related to individual patients
(assessment of four randomly selected patients from
the same units). The unit-level SA task can be summa-
rized as asking the participant to identify patients with
end-organ dysfunction (evidenced by mechanical ven-
tilation, vasopressors/inotropes, continuous dialysis,
or elevated lactate level). The individual-patient task
can be summarized as asking the participant to deter-
mine whether the patient is suitable for a spontaneous
breathing trial, whether the patient is suitable for an-
tibiotic de-escalation, and whether the patient has a
severe metabolic derangement. To account for the var-
iability in experience and clinical decision-making, we
asked participants to use the provided simplified crite-
ria for decision-making about patients.

Outcome Assessments

The primary outcome was the difference in time re-
quired to complete structured tasks using AMP com-
pared with the standard EMR. Time was measured in
seconds by a member of the study team using an elec-
tronic stopwatch.

Secondary outcomes included the task load score of
clinicians performing the task measured using NASA-
TLX. NASA-TLX is a widely accepted tool for subjec-
tive measuring task load experienced while performing
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a task (23-25). This tool rates participant performance
across six factors, including mental demand, physical
demand, temporal demand, frustration, effort, and
performance. Additional details about NASA-TLX are
described in the Supplemental Digital Content and
eTable 4 (http://links.lww.com/CCX/B187). The other
secondary outcome was the reliability of task comple-
tion measured by the number of errors of cognition
when using AMP versus EMR.

We also assessed AMP usability and intention to
use with the System Usability Scale (SUS) (26) and
Intention to Use survey (adapted from the Technology
Acceptance Model [TAM]) (27) following comple-
tion of the study tasks. Additional details about these
instruments are reported in the Supplemental Digital
Content and eTables 5-7 (http://links.lww.com/CCX/
B187).

Statistical Analysis

Participant demographics were summarized using
median (interquartile range) for continuous variables
and frequency (percentage) for categorical variables.
Unadjusted and multivariable linear mixed-effects re-
gression models assessed the association between the
electronic environment (EMR or AMP) and time and
cognitive load, accounting for pairs and participants
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with random intercepts. Unadjusted and multivariable
mixed-effects proportional odds regression models
assessed the association between errors and electronic
environment, accounting for pairs and participants
with random intercepts. Adjustment variables were
chosen in consultation with our study statistician,
and included number of patients per unit, participant
age, and previous AMP experience. For all analyses, p
values of less than 0.05 were used to signify statistical
significance. Data management and analysis were per-
formed in SAS Studio 3.8 (SAS Institute, Cary, NC).

RESULTS
Study Participants

Between June 2021 and September 2021, 165 ICU
clinicians were identified as eligible and were invited
to participate in the study. Twenty subjects (making
10 pairs of clinicians) participated in the study. The
overall response rate was 12% (20/165) and 14 (70%)
were males. The reasons for non-participation were
likely related to scheduling challenges—each partici-
pant had to be paired at a convenient time with an-
other participant to perform the cross over study at
the same time and in the study office at hospital. All
participants completed the study and were included in
analysis.

The demographic characteristics of study partici-
pants are described in Table 1. All participants had ex-
perience working with the current institutional EMR
for at least 2 years. However, 45% of the participants
had no experience working with AMP.

Outcomes

During the study session, each participant completed
the tasks on two different ICUs and on eight individual
patients. Primary and secondary outcomes are pre-
sented in Table 2.

Primary Outcome. The adjusted time for assess-
ment of the entire ICU using AMP versus standard
EMR was 3.1 times lower using AMP (-6.11; 95% CI,
-7.91 to -4.30 min; p < 0.001). When comparing both
electronic environments, the adjusted total time to task
completion was 1.4 times lower using AMP (-5.38;
95% CI, -7.56 to -3.20min; p < 0.001). The adjusted
time for assessment of the individual patients was sim-
ilar using both the EMR and AMP (0.73; 95% CI, -0.09

Critical Care Explorations

TABLE 1.
Study Participant Characteristics (n = 20)

n (%) or

Characteristic Median (IQR)
Sex

Female 6 (30)

Male 14 (70)
Age (yr) 40.0 (36.0-51.5)
Role in the ICU

Attending physician 12 (60)

Clinical fellow 4 (20)

Advanced practice providers (nurse 4 (20)

practitioners and physician
assistants)

Primary ICU

Medical 10 (50)

Surgical 4 (20)

Medical and surgical 5 (25)

Neuro 1 (5)
Work experience in critical care (yr) 7.5 (4.0-17.0)
Current electronic medical record use

experience, yr

<2 0(0)

2-3 8 (40)

4-5 8 (40)

>5 4 (20)
Acute care multipatient viewer use 11 (55)

experience

IOR = interquartile range.

to 1.54min; p = 0.078) (eFig. 2, http://links.lww.com/
CCX/B187).

Secondary Outcomes. AMP was associated with a
significantly lower adjusted clinician task load (NASA-
TLX) versus the standard EMR (22.6; 95% CI, -32.7
to —12.4 points; p < 0.001). The adjusted difference in
total errors for each user when comparing AMP versus
EMR was not statistically significant (0.68; 95% CI,
0.36-1.30; p = 0.078).

Half of the participants (10/20) rated usability as ex-
cellent, 25% (5/20) as good, and 25% (5/20) as poor or
awful (Fig. 2). The median SUS score among the 20
participants was 80 points reflecting good usability.

Participants demonstrated the attitude toward
AMP using the median TAM score was high both for
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TABLE 2.

Primary and Secondary Outcomes: Clinician Performance Using Acute Care Multipatient
Viewer Versus Electronic Medical Record (n = 20)

Unadjusted

Outcome

Estimate (95% CI)

Adjusted

Estimate 95% CI

Difference in time to task completion for
one entire unit (min)

Difference in time to task completion for
four patients (min)

Difference in total time to task completion
(min)

Task load (National Aeronautics and
Space Administration-Task Load Index)

Total errors per user

-6.11 (-7.88 to —4.33)

0.73 (-0.13 to 1.58)

-5.38 (-7.568 to —3.18)

—-22.6 (-32.6 to —12.5)

0.71 (0.37-1.36)

< 0.001 -6.11 (-7.91 to -4.3) < 0.001
0.090 0.73 (-0.09 to 1.54) 0.078
< 0.001 -5.38 (-7.56 to -3.20) < 0.001
< 0.001 -22.6 (-32.7to -12.4) < 0.001
0.333 0.68 (0.36-1.30) 0.280

SUS Score 0-100

Excellent
Good

Awful or Poor

100 oo
92.5
0 g5 875 875 a5
825 825
77.5

8
0 75 75 P
? e e as
60 ]

50
50 —
40 35
30
20
10
0

20 2 7 11 4 6 16 1 3 10 5 9 13

Participant identification number

19 8 17 18 14 15 12

Figure 2. Acute care multipatient viewer usability assessment by participants (using System Usability Scale [SUS]).

perceived usefulness (questions 1-6) and perceived
ease of use (questions 7-12). Median score for each
factor is presented in Table 3.

DISCUSSION

In this randomized crossover study, we compared
ICU clinicians’ performance in clinical task comple-
tion when using AMP versus standard commercial
EMR. Although 45% participants had no prior AMP
experience, AMP was associated with a significantly

6 www.ccejournal.org

shorter time for assessment of the entire ICU and the
time to task completion. The time for assessment of
individual patients was similar using both electronic
environments. AMP was associated with a signifi-
cantly lower clinician task load (using NASA-TLX)
versus the standard EMR. The number of errors
for each user using AMP of EMR did not differ.
Additionally, AMP demonstrated good usability dur-
ing the task completion, and the participants’ attitude
to AMP use was positive reflected in the high inten-
tion to use scores.
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TABLE 3.

Acute Care Multipatient Viewer Intention to Use Survey Scores by Specific Questions

Question

Median Score
(([o13))

1) Using AMP in my job would enable me to accomplish tasks more quickly

2) Using AMP would improve my job performance

3) Using AMP in my job would increase my productivity

4) Using AMP would enhance my effectiveness on the job
5) Using AMP would make it easier to do my job

6) | would find AMP useful in my job

7) Learning to operate AMP would be easy for me

8) | would find it easy to get AMP to do what | want it to do

9) My interaction with AMP would be clear and understandable

10) | would find AMP to be flexible to interact with
11) It would be easy for me to become skillful at using AMP
12) | would find AMP easy to use

2 (71-95)
3 (61-88)
1(62-88)
1 (60-88)
3 (62-95)
4 (68-96)
7 (76-94)
8 (62-90)
4 (74-88)
1 (65-89)
3 (75-88)
6 (77-92)

AMP = acute care multipatient viewer, IOR = interquartile range.

The ability of digital health strategies to reduce time
to clinical decision-making and task load for clinicians
caring for populations of critically ill patients may be
extremely helpful in highly dynamic environments,
such as the ICU, where clinicians are responsible for
multiple patients, need to re-evaluate patients’ mul-
tiple times during their shifts, and must be situation-
ally aware at all times. The cumulative time saved by
clinicians reviewing data over a day or a week may be
substantial and clinically relevant, especially since they
may need to scan multiple units.

The most commonly installed EMRs (28) are
designed around individual patient management and
are not explicitly designed to enable real time prior-
itization of patient populations according to acute
care needs (29,30). A previous study by Ahmed et
al (5) demonstrated that the presentation of critical
data in a parsimonious way using novel user interface
reduces clinician task load, time to decision and the
risk of medical decision-making errors by ICU clini-
cians caring for individual patients compared with a
standard EMR. However, critical care clinicians typi-
cally care for the groups of eight to 15 patients at the
same time during a 12-hour shift (31-33). Increased
patient-intensivist ratios are associated with poor pa-
tient outcomes (34-36).

The tools we currently have for managing pop-
ulation of acutely ill patients fall into two main

Critical Care Explorations

categories—traditional severity prediction models
and specialized applications. The Acute Physiology
and Chronic Health Evaluation (APACHE) predic-
tion model is a de facto standard for the predic-
tion of distant outcomes—hospital mortality and
length of stay (37). As with other prediction mod-
els or scores, for example, Mortality Probability
Model, Simplified Acute Physiology Score instru-
ments, or Sequential (sepsis-related) Organ Failure
Assessment, APACHE is a useful tool for prognosis,
clinical research, quality comparison or administra-
tive planning (38-41). However, these prediction
models do not suggest any specific clinical actions
and were never intended to dynamically influence
real time ICU management (40, 42).

Specialized applications (43), designed for use in
the tele-ICU setting, provide some indicators of phys-
iologic or laboratory abnormities and severity of ill-
ness which may be used as triggers for clinical review
and for patient stratification or prioritization. While
these specialist tools are more suited for management
of critically ill patient populations than general EMRs,
they remain highly dependent on severity of illness or
prognosis for stratification and are not optimized to
address the question—who needs immediate clinician
attention and for which specific problem?. In contrast,
some newly developed detecting algorithms, such as
a ventilator-induced lung injury sniffer, are actionable

www.ccejournal.org 7
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and can change a course of treatment (44). However,
these algorithms are typically focused on specific clin-
ical conditions.

Demand for critical care clinicians continues to
grow as the hospitalized patient population becomes
more elderly and medically complex (45). At the same
time, the availability of intensivists in underserved
areas remains limited (46, 47). As telehealth grows as
a mechanism for delivering acute care, it is anticipated
that the challenge of matching patient needs to clini-
cian availability will become more widely recognized
(48, 49). In this context, the development and scientific
testing of novel digital technologies that support cli-
nician-led population management and patient prior-
itization become increasingly important as we expand
clinical oversight to larger patient populations through
remote monitoring services (50). Having the limited
set of most relevant information is particularly useful
in the tele-ICU setting, where clinician cares for up to
150 patients simultaneously and is physically remote
from the bedside.

AMP has been softly implemented and is currently
being used at Mayo Clinic as a nonmandatory tool,
which gives the opportunities for its further evalua-
tion and leveraging as a hospital-wide surveillance,
alerting, and response-tracking tool for use in both the
hospital and hospital-at-home settings. Future research
and evolution of digital health strategies should be with
deep understanding of socioeconomic environment
and engagement of key stakeholders. Some examples of
evaluation approaches include gathering users’ feedback
using both classical (surveys, interviews/focus groups,
ethnography methods) and innovative approaches, like
video-reflective ethnography (51), eye tracking in the
field (52), or user performance evaluation in the field.
Analyzing user log data can give additional insight
on granular interactions of providers with the med-
ical record (which tasks or events clinicians perform
using AMR and when) (53). Other important aspects
of digital strategy assessment may include evaluation of
team safety, intention to adopt, impact on processes of
care, and impact on patient outcomes. We expect that
with feedback from users, we will be able to improve us-
ability and further refine AMP.

Strengths and Limitations

Our study has several strengths. The study was per-
formed by a team with expertise in digital technology
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design and testing (5, 54, 55). The study was conducted
in an academic center with a robust informatics infra-
structure supporting the design and development of a
multipatient viewer. Clinicians involved in the study
represented a variety of ICUs, including medical ICU,
surgical ICU, trauma ICU, neuro-ICU, and tele-ICU.
The crossover study design allows each participant
to act as their own control. This minimizes between-
subject variability and enables the obtention of statis-
tically significant results on the relatively small study
sample. We standardized study procedures to min-
imize confounding that might occur and used previ-
ously validated instruments for outcomes assessment
(56). To minimize potential bias on the study results
were adjusted to participant age, clinical experience,
and AMP use experience.

The Study Also Has Some Limitations:

This was a single-center study that may have limited
generalizability to other settings including nonaca-
demic settings and institutions without the informatics
infrastructure that our institution has built. A non-
response bias may also occur. Those who responded
might be more interested in digital strategies and may
perform better than other clinicians who are less en-
gaged in these types of innovations. Study participants
could not be blinded to the study environment and in-
tervention (EMR or AMP) potentially modifying their
performance. Similarly, outcome assessors could not be
blinded to the intervention. One more important lim-
itation was a physical isolation of providers from the
patients and from the potential distractors and inter-
ruptions they are usually exposed to in their working
places. This was done to standardize the conditions in
which different providers performed the task. As with
a lot of research methods we wanted to establish the
efficacy before integrating and testing in a real-world
setting. Also, the unit-level tasks were focused on iden-
tifying the most acutely ill patients. The sickest patients
may not necessarily be the same as the patients who
need immediate attention and who would benefit from
clinical intervention. Our study may be prone to carry-
over and within-participant effects. To minimize these
potential flaws, we compared the performance within
pairs for same patients using either AMP of EMR,
and then after the crossover each participant started
the task on new patients using the other electronic
environment.
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CONCLUSIONS

The findings of this study suggest that the novel AMP,
created with an understanding of ICU clinician in-
formation and process requirements, reduces time to
clinical task completion and clinician task load com-
pared with the standard EMR. Additional research is
needed to assess clinician performance while using
AMP in the live ICU setting.
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