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Abstract

Background: Health care organizations implement electronic health record (EHR) systems with the expectation of improved
patient care and enhanced provider performance. However, while these technologies hold the potential to create improved care
and system efficiencies, they can also lead to unintended negative consequences, such as patient safety issues, communication
problems, and provider burnout.

Objective: This study aims to document metrics related to the In Basket communication hub (time in In Basket per day, time
in In Basket per appointment, In Basket messages received per day, and turnaround time) of the EHR system implemented by
Alberta Health Services, the province-wide health delivery system called Connect Care (Epic Systems). The objective was to
identify how a newly implemented EHR system was used, the timing of its use, and the duration of use specifically related to In
Basket activities.

Methods: A descriptive study was conducted. Due to the diversity of specialties, the providers were grouped into medical and
surgical based on previous similar studies. The participants were further subgrouped based on their self-reported clinical full-time
equivalent (FTE ) measure. Thisresulted in 3 subgroups for analysis: medical FTE <0.5, medical FTE >0.5, and surgical (all of
whom reported FTE >0.5). The analysiswas limited to outpatient clinical interactions and explicitly excluded inpatient activities.

Results: A tota of 72 participants from 19 different specialties enrolled in this study. The providers had, on average, 8.31
appointments per day during the reporting periods. The providers received, on average, 21.93 messages per day, and they spent
7.61 minuteson averageinthetimein In Basket per day metric and 1.84 minutes on averagein thetimein |n Basket per appointment
metric. The time for the providers to mark messages as done (turnaround time) was on average 11.45 days during the reporting
period. Although the surgical group had, on average, approximately twice as many appointments per scheduled day, they spent
considerably less connected time (based on almost al time metrics) than the medical group. However, the surgical group took
much longer than the medical group to mark messages as done (turnaround time).

Conclusions. We observed arange of patterns with no consistent direction. There does not seem to be evidence of a*“learning
curve,” which would have shown a consistent reduction in time spent on the system over time due to familiarity and experience.
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While this study does not show how the included metrics could be used as predictors of providers' satisfaction or feelings of
burnout, the use trends could be used to start discussions about future Canadian studies needed in this area.

(J Med Internet Res 2024;26:€53122) doi: 10.2196/53122
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Introduction

Background

Electronic health record (EHR) systems have been implemented
with many goals including streamlining information sharing
among providers, empowering patients to be active partnersin
their care, supporting evidence-based individualized care, and
monitoring population hedlth. Heath care organizations
implement EHR systems with the expectation of improved
patient care and enhanced provider performance [1,2].

EHR systems are not new in Canada [3]; however, their
implementation has been faced with delays, changesin vendors,
and reluctant adoption by users [4]. Canada continues to see
activity in EHR implementation including in British Columbia
[5], Saskatchewan [6], Ontario [ 7], Alberta (Connect Care; Epic
Systems) [8], and Nova Scotia[9].

While EHR systems hold the potential toimprove care delivery,
they can also contribute to unintended negative consequences,
such as patient safety issues, communication problems, and
provider burnout [10-13]. Rather than implementing EHR
systems and waiting to identify unintended consequences, we
should proactively identify metrics to measure the impact of
these EHR systems on the work of health care providers and
enable ways to improve the diffusion and the subsequent
adoption of EHR systemsin Canada[9-12].

Advantages of the EHR System

EHRs are systems designed “to collect patient datain real time
to enhance care by providing data at the provider’'s fingertips
and enabling decision-making where it needs to occur” [14].
These systems provide functions such asviewing (eg, |aboratory
or test results); documenting (eg, entering data and notes);
ordering (eg, referrals, prescriptions, and tests); web-based
messaging (eg, notifying patients of test results); care
management (eg, disease-specific tools and alergy alerts);
analysis and reporting; and patient-directed engagement
capabilities (eg, accessto own laboratory values and web-based
messaging care providers) [15-20]. EHRs can provide benefits
such as easy access to accurate and timely point-of-care data,
easy navigation to enhance workflow, automation of mundane
tasks, evidence-based management pathways to individualize
care, convenient sharing of data across organizations, and
population health monitoring [13,19,21]. Furthermore, when
fully implemented, in some instances, EHRs have resulted in
the comprehensive replacement of traditional paper charts[13].

Burden of EHR System

Although EHR systems are designed to deliver positive
outcomes, unintended and technology-specific negative
outcomes have also been described related to the workflow,
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patient-provider interactions (technology seen as impersonal),
and the challenges of implementing these technologies within
current health care systems[10]. Thereisincreasing awareness
that physician well-being has an important impact on the health
system, and concernsexist over increasing rates of burnout [11],
job dissatisfaction, intention to leave practice, and job turnover
[22]. Among the consistently reported drivers of burnout and
job dissatisfaction are adverse clinician interactionswith EHRS.
While EHRSs are intended to streamline workflows, they are
cited as increasing the inefficiency of clinical work, adding to
user frustration [23].

Studies suggest that in clinical environments that include an
integrated EHR system, physicians spend an additional 1.5 hours
[16] of time using the EHR system for every 1 hour of direct
patient interaction, with an additional 6 to 30 hours[17,24] per
month of cumulative time spent on EHR documentation and
inbox management outside routine working hours [25].
Furthermore, studies have demonstrated a negative impact on
providers time dueto managing test results and communications
within In Basket, the EHR system’s communication hub [24,26]
for administrative, clerical, and documentation functions and
after-hour activities related to accomplishing required tasks
[23]. In Basket is where health care providers receive and
manage various tasks, web-based messages; and notifications
such as appointment requests, medication refill requests,
laboratory or imaging results, consultation requests, and
web-based messages from other health care team members[27].
Many of these tasks, previously performed by administrative
staff, have been increasingly offloaded to providers.

In a primary care setting, a health care provider may receive
anywhere from afew to several dozen In Basket messages per
day [28]. In specialized settings, such asahospital or specialized
clinic, the volume of In Basket messages can be higher,
especially for providers who are involved in complex cases or
have alarger patient population [29,30]. Specialists may receive
additional types of web-based messages, such as
interdepartmental consult requests or referrals from primary
care providers. Due to these challenges, the time spent in In
Basket activities can vary depending on factors such as the
volume of web-based messages, complexity of tasks, and
individual work practices [26]. The number of In Basket
messages received per day can vary significantly depending on
several factors, such asthe size of the health care organization,
the specialty or department, and the individual provider's
practice [31]. Managing In Basket time requires a balance
between efficiency, prioritization, and effective communication
to ensure timely and appropriate handling of tasks while
delivering quality patient care [26]. Health care organizations
have attempted to manage these challenges with one-on-one
provider training, optimization and upgrade of processes,
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increased availability of technical support, added or expanded
use of scribes, voicerecognition, and improved EHR governance
[32,33].

While physician burnout and distress, more broadly, are
prevalent issuesin Canada[34], to our knowledge, research on
EHR use and physician well-being in a Canadian context has
been limited, so the relationship of EHRsto surrogate outcomes
of well-being (eg, burnout) in the Canadian context isunknown.
This knowledge gap is significant, given the substantial
disparities between the Canadian and American health care
systems, particularly concerning documentation requirements
for billing, insurance, and medicolegal purposes, which EHR
systems are designed to streamline [32]. Notably, while EHR
system implementation isunderway in Canadian hospitals, most
US hospitals have aready adopted these EHR systems[35,36].

Canada operates under a federated system where health
governance is federal, but health care delivery and associated
tasks such as EHR implementation are managed provincially.
Moreover, unlike in the United States, where much of the
charting is focused on billing, the Canadian health care
landscape differs substantially, as billing is not part of the need
for implementing EHR systems [35,36]. These contextual
distinctions between the 2 health care systems mean that
research findings from one setting cannot simply be extrapolated
to the other [13,21,23,24,26,37].

Objectives

The extent to which EHRs contribute to physician dissatisfaction
in Canada, akin to their presumed impact in the United States,
remains uncertain. This study lays the groundwork for
addressing this gap in knowledge by studying the use metrics
of an EHR system implementation in Alberta. This study
provides essential insightsthat not only pave the way for future
investigationsinto the correlation between clinician well-being
and EHRs in Canadian contexts but also inform interventional
studiesaimed at enhancing the user experience. In addition, our
findings contribute to the development of best practices for
EHR system implementation and use.

This study documented In Basket metrics of an EHR system
implemented by Alberta Hedth Services (AHS), the
province-wide health delivery system in Alberta branded as
Connect Care. Understanding and documenting granular use
metrics of Connect Care in Alberta is foundational for future
studies examining the relationship between clinician wellness
and EHRs in a Canadian setting, for example, understanding
how the EHR-clinician interface contributes to adverse
unintended consequences such as burnout. Through gaining an
in-depth understanding of how the EHR system in Alberta
captures In Basket metrics, this study was designed as a
precursor to forthcoming studies examining the association
between provider wellness and EHR systems in Canadian
settings and to studies focused on improving the EHR system'’s
user experiences and developing best practices for the EHR
system rollout and subsequent use.

https://www.jmir.org/2024/1/e53122
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Methods

Study Design

This was a descriptive study of a volunteer cohort of
multidisciplinary speciaistsworking at the University of Alberta
Hospital (UAH) [38]. Asthe goal of the study was to measure
thetrendsin In Basket use in the EHR system from the launch
of Connect Care by specidists at the UAH over 33 months of
use, thisstudy design allowed usto commencetheidentification
of how the EHR was used, when it was used, and for how long
it was used related to the In Basket activities. To the best of our
knowledge, this study is the first to explore the In Basket use
of Connect Care by specialistsin Alberta.

Explored In Basket Domain Measures (Metrics)

In Basket metrics refer to performance indicators that assess
the efficiency and effectiveness of managing tasks, web-based
messages, or aertswithin the EHR system. These metrics assess
various aspects of workflow management and communication
within the EHR environment. In this study, we used the
following In Basket metricsto capture the use of the In Basket
toolbar by study participants: time spent in the In Basket per
day, time spent in the In Basket per appointment, number of In
Basket messages received per day, and turnaround Time. The
time in In Basket per day metric is defined as the average
number of minutes a provider spendsin In Basket per day. The
timein In Basket per appointment metric isthe average number
of minutes a provider spends in In Basket per scheduled
appointment. The In Basket messages received per day metric
isthe average number of |n Basket messages a provider receives
per day. The turnaround time metric is the average number of
days a provider takes to mark a message of a specific type as
done. Furthermore, In Basket metrics included appointments
per day, which is the average number of appointments per day
within the reporting period for comparison purposes (workload
Vs use) between the participating specialists.

Ethics Approval

Ethics approval was received from the University of Alberta
Health Research Ethics Board (study ID Pro00119194), and
operational approval was received from AHS (OAG60778,
0A60779, and OA60780).

EHR System

Connect Careisacomprehensive EHR system that allows users
to access, generate, and manage documents, laboratory results,
text reports, radiology images, notes, prescriptions, referrals,
and web-based messages. Furthermore, Connect Care contains
advanced auditing capabilities that record the actions of users
when accessing the EHR system.

Study Setting

AHS is Canada’s largest integrated provincial health system
and isresponsiblefor delivering health servicesto >4.3 million
people. Health care programs and services are offered at >900
facilities throughout the province (eg, hospitals, clinics,
continuing carefacilities, cancer centers, mental health facilities,
and community health sites) [39]. The UAH isaquaternary care
research and teaching hospital in Edmonton, Alberta. This
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hospital provides a wide range of inpatient and outpatient
diagnostic and treatment services [40]. Study sites within the
UAH were selected based on the length of time that they had
been using the EHR system. The departments of medicine and
surgery at the UAH were part of the first wave of the AHS
Connect Care implementation. The speciaists in these
departments were considered to have used Connect Care for a
time period that would provide sufficient use data required for
this study.

Study Sample Recruitment

We decided on the following inclusion criteria for potential
study participants: (1) any specialist located at the UAH and
(2) =7 months of Connect Care use.

We used a purposive sampling method to recruit specialists.
Theclinical coinvestigators (RPP, DB, and NK) introduced and
explained the project at departmental meetings. RPP devel oped
aPowerPoint (Microsoft Corp) presentation, which was adapted
by DB and NK to fit the context of their respective departments.
During these presentations, the coinvestigators started by
describing the potential impact of EHRs on provider well-being,
the lack of Canadian use data, the need to understand the user
experience, and the opportunity for EHR improvement driven
by users. Furthermore, potential participantswereinformed that
their individual results from the study would be shared with
them. Theclinical leadsemailed all attending specialistsasking
them to complete the consent form (using REDCap [Research
Electronic Data Capture]; Vanderbilt University) and provide
therequired information (eg, department, EHR login ID, clinical
workload defined by the self-reported fraction of a full-time
equivalent [FTE] measure, and work position) for data access.

Data Source

The raw In Basket data source was from Signal (an analytical
platform developed by Epic Systems Corporation) using EHR
user action log data (Epic Systems Corporation, unpublished
data, April 2023). The user action log measures the time that
the user interacted with the EHR system. The metrics captured
in Signal are defined, and quantifiable measurements are used
in reports to summarize information about processes or
outcomes (Epic Systems Corporation, unpublished data,
September 2020). Information about time spent in particular
ambulatory (outpatient) In Basket activities (user action logs)
was obtained for each participant from their first login to the
EHR system. The analysis was limited to outpatient clinical
interactions and explicitly excluded inpatient activities.

Once a specialist agreed to participate in the study, their name,
login ID, and study ID were stored in a zipped and encrypted
file and sent to the AHS Connect Care and Epic data team
through REDCap to retrieve the required event logs data.
REDCap is a secure web-based platform hosted by the Women
and Children’s Health Research Institute in collaboration with
the Northern AlbertaClinical Trialsand Research Centre at the
University of Alberta. Once the Epic data team reviewed the
requested information, data were pulled and transferred to the
AHS Connect Care team. The anonymized data were zipped
and encrypted before being transferred to the principal
investigator for analysis.

https://www.jmir.org/2024/1/e53122
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Data Description

Participants

A total of 72 participants from 19 different specialties enrolled
inthisstudy. Of the 72 providers, 1 (1%) provider was excluded
due to an absence of In Basket outpatient ambulatory Signal
data. Due to the diversity of specidties, the providers were
grouped into a medical group and a surgical group based on
previous similar studies and the fact that these categories have
similar EHR workflows [41,42].

The participants were further subgrouped based on their
self-reported clinical FTE measure. Clinical FTE is a measure
used in health care to quantify the work hours of health care
providersor clinical staff in relation to afull-time position. This
resulted in 3 subgroupsfor analysis. medical FTE <0.5, medical
FTE >0.5, and surgical (all of whom reported FTE >0.5) groups.

In this study, providers in each group are independent of each
other (ie, each provider contributes to the weighted means of
only 1 group). However, for each In Basket metric, various
subsets of providersinthegroup (ie, medical FTE <0.5, medical
FTE >0.5, or surgical group) contribute to the weighted mean
of various reporting periods.

Missing Values

Once the EHR data for each of the 72 providers was received,
weidentified missing values. Asthis study is one of thefirst to
explore the provider's use of Connect Care in the Alberta
context, we wanted to gain an in-depth understanding of the

missing In Basket outpatient ambulatory provider-related Signal
data

On the basis of discussions with the Epic team, the study team
identified 3 reasons for missing values in the data. The first
reason wasthat a participant must be“registered” with Connect
Care (AHS), be active, and must have logged in to the EHR
system and seen at least 1 patient in the reporting period [38].
Second, for thetimein In Basket per appointment metric, there
was an additional inclusion criterion where the provider needed
at least 5 appointments scheduled per week within the reporting
period for Signal to capture user interactionsin the EHR system
[2]. We identified this as an issue as many part-time specialists
might have <4 appointments per week; for example, if they
were on ward duties, they would be managing only inpatients
during that time. Although they interacted with the EHR system,
no data would be recorded for these metrics. Since inpatient
datawere not studied, thetrueimpact of EHR system use might
be underestimated. The third reason for missing dataisthat the
EHR system did not capture any datafor certain metricsfor all
participating providers during certain months such as the In
Basket messagesreceived per day (missing datafor all providers
during April 2021, May 2021, July 2021, August 2021, and
September 2021) and time in In Basket per appointment (April
2021) metrics. Neither we nor the analysts from Epic Systems
could determine the root cause of the missing data.

Onthebasis of thesefindings, we used acomplete case analysis
to address missing values [29]. The observations with
denominator=0 were excluded. The weighted averages did not
capture the missing values data. As each In Basket metric was
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considered individually, aprovider had to have at least 1 month
of data for a particular In Basket metric to be included in the
metric anaysis.

Data Ranges

The start date was November 1, 2019 (the date of launch of
Connect Care), and the end date was July 30, 2022, for the In
Basket metrics.

Data Types

Depending on the available data for the metrics, the monthly
reporting periods included in the analysis ranged between 14
and 33 months. The overall amount of datavaried between 1528
(15.92%) observationsfor thetimein In Basket per appointment
metric and 2203 (22.95%) observationsfor thetimein In Basket
per day metric. Thetotal number of observationsfor all included
metrics was 9598.

Statistical Analysis

Data aggregation, analysis, and visualization were performed
using SAS (version 9.4; SAS Ingtitute) and Tableau (version
2021.4.3; Tableau Software, LLC) [43,44]. The numerator and
denominator from each metric were used to caculate the
weighted daily means of al participants and each group.

A 2-samplet test (2-tailed) was used to compare the weighted
daily mean of every metric for themedical FTE >0.5 group with
the medical FTE <0.5 group and compare those of the medical
FTE >0.5 group with the surgical FTE >0.5 group. A weighted
average calculates the mean of a data set while considering the
varying importance or significance of each number within the
set. This approach is commonly used in statistical analysis. It
isacritical tool for addressing fluctuations, managing uneven
or distorted data, and ensuring fair representation of similar data
points based on their respective weights.

In time-series analysis, such as the one we have conducted,
time-weighted averages were used because the time series was
not evenly sampled. Ideally, data points in a time series are
evenly spaced, such ashourly, daily, or monthly intervals, where
each point carries equal weight. However, in our data set,
reporting periods were irregular, with varying lengths ranging
from 27 to 35 days. Consequently, these reporting periods had
different weights. To address this, we converted the reporting
periodsto adaily scale, ensuring each data point carried equal
weight. In summary, a time-weighted average assigns weight
to each value based on itsduration rel ative to surrounding points,
leading to significantly improved accuracy in the final
calculation.

Avdagovska et al

Trend analysis was used to evaluate the use trends over time to
determine changes in Connect Care use by the participating
providers. A simple moving average (SMA) curve was used to
explore the learning curves (changes over time) for each metric
[45,46]. A linear trend line wasfitted to the SMA curvefor each
group (ie, medical FTE <0.5, medical FTE >0.5, and surgical
groups) based on each included metric to determine the changes
intrends (ie, whether the slopeincreased, decreased, or remained
unchanged).

In all these analyses, a P value of <.05 was considered
statistically significant.

Results

Participant Characteristics

In total, 71 providers were included in the analysis. Of the 71
providers, 29 (40%) were women providers and 43 (60%) were
men providers. The analysis did not compare results by age or
gender because the numbers were small. The largest specialty
group was interna medicine (n=14, 20%), followed by
nephrology (n=10, 14%) and general surgery (n=9, 13%). The
least represented specialties were dermatol ogy, intensive care,
neurosurgery, and cardiac surgery, at about 1% (n=1) each. Due
to the diversity of specialties, the providers were grouped into
amedical group (n=53, 75%) and asurgical group (n=18, 25%)
based on previous similar studies (Multimedia Appendix 1)
[41,42].

Furthermore, the self-reported FTE was used to further subgroup
participants. Of the 53 participants in the medica group, 27
(51%) participantsreported FTE <0.5 and 26 (49%) participants
reported FTE >0.5. All 18 (100%) surgical specialists reported
FTE >0.5. This resulted in 3 subgroups: medical FTE <0.5,
medical FTE >0.5, and surgical (all FTE >0.5) groups.

Overall Results

Table 1 shows the weighted daily means for all participating
providers (including weighted daily means for the medical and
surgery groups) for each metric in this study. The use of
weighted dailly means indicates a more precise method for
determining the average appointments per day compared to a
simple average based solely on the number of providers and
reporting periods. In this study, because the reporting periods
varied in duration, they were assigned different weights based
on the number of days within each period. This adjustment
ensured a more accurate representation of daily appointment
averages.

Table 1. Weighted daily means per metric for the medical and surgical groups.

Metric Weighted daily mean (95% ClI)

All specialties Medical group Surgical group
Appointments per day 8.31(8.27-8.35) 6.41 (6.39-6.44) 14.01 (13.93-14.10)
In Basket messages received per day 21.93 (21.64-22.22) 22.02 (21.67-22.38) 21.70 (21.45-21.94)

Time spent in In Basket per day
Time spent in In Basket per appointment

Turnaround time

7.61 (7.59-7.64)
1.84 (1.83-1.85)
11.45 (10.83-12.08)

8.86 (8.84-8.89)
2.78 (2.77-2.79)
9.72 (9.21-10.23)

3.95(3.92-3.97)
0.60 (0.59-0.61)
16.22 (14.69-17.76)

https://www.jmir.org/2024/1/e53122

JMed Internet Res 2024 | vol. 26 | €53122 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

On the basis of the weighted daily means adjustment, each
provider had, on average, 8.31 appointments per day during the
entire reporting period. The providers received, on average,
21.93 web-based messages per day and spent 7.61 minutes on
averageinthetimein In Basket per day metric and 1.84 minutes
on averageinthetimein In Basket per appointment metric. The
time for the providers to mark messages as “done” (meaning
that they had completed tasks associated with them; Turnaround
Time) was, on average, 11.45 days during the reporting period.
Although the surgical group had, on average, approximately
twice as many appointments per scheduled day, they spent
considerably less “connected time” (based on almost all time
metrics) than the medical group. However, the surgical group

Avdagovska et al

took much longer than the medical group to mark messages as
done (Turnaround Time; Table 1).

Table 2 showsthe weighted daily means per provider group (ie,
medical FTE <0.5, medical FTE >0.5, and surgical groups) for
each metricin thisstudy. According to the raw data, the medical
FTE <0.5 and the surgical groups had, on average, more
appointments per day during the reporting period than the
medical FTE >0.5 group. In addition, al the time metrics
indicate that the medical FTE <0.5 group had less time on
Connect Care than the medical group FTE >0.5. The samewas
observed between themedical FTE >0.5 and the surgical groups,
except for the turnaround time metric (Table 2).

Table 2. Full-time equivalent (FTE) comparison between medical and surgical groups.

Metric Weighted daily mean (95% CI)

Medical group FTE <0.5 Medical group FTE >0.5 Surgical group
Appointments per day 6.47 (6.44-6.49) 6.36 (6.33-6.39) 14.01 (13.93-14.10)
In Basket messages received per day 20.59 (20.39-20.78) 22.07 (21.75-22.38) 21.70% (21.45-21.94)

Time spent in In Basket per day 7.98 (7.95-8.02)
2.69 (2.68-2.71)

6.23 (5.98-6.48)

Time spent in In Basket per appointment

Turnaround time

9.73 (9.68-9.77)
2.88 (2.86-2.90)
12.24 (11.50-12.98)

3.95(3.92-3.97)
0.60 (0.59-0.61)
16.22 (14.69-17.76)

3Surgical group versus medical FTE >0.5 group comparison: P value=.07.

Trend Analysis

Table 3 presents the results of the trend analysis. All 3 groups
had a statistically significant increase in the appointments per
day and turnaround time metrics over the study period.

As presented in Table 3, for the medical FTE <0.5 group, the
appointments per day, In Basket messages received per day,
timein In Basket per appointment, and turnaround time metrics
showed statistically significant changing slopes (increasing
trends over time), while the time in In Basket per day metric

remained unchanged. The largest slope for this group was
observed for the turnaround time metric with avalue of 0.0055.

For themedical FTE >0.5 group, all metrics showed statistically
significant changes (Table 3). This group showed the largest
number of statistically significant trend changes among the 3
studied groups. A total of 3 metrics (ie, appointments per day,
In Basket messages received per day, and time in In Basket per
day) that showed statistically significant changes had increasing
trends, while the time in In Basket per appointment metric
showed statistically significant changes with a negative slope
(decreasing trend).

Table 3. Trend analysis over time for the 3 groups: medical full-time equivalent (FTE ) <0.5, medical FTE >0.5, and surgical groups.

Metric Medical FTE <0.5 group Medical FTE >0.5 group Surgical group

Slope Pvaue  Trend Slope Pvaue Trend Slope Pvaue Trend
Appointmentsper  0.0008  <.001 Increasing? 0.0014 <.001 Increasing 0.0015 <.001  Increasing
day
InBasket messages  0.0047  <.001 Increasing 0.0194 <.001 Increasing -0.0020 A7 Unchanged®
received per day
Timespentinin  0.0002 .16 Unchanged 0.0009 <.001 Increasing -0.0004 .01 Decreasing®
Basket per day
Timespentinin 0.0003 <.001 Increasing —0.0006 <.001 Decreasing -0.0001 <.001 Decreasing
Basket per appoint-
ment
Turnaround time ~ 0.0055 <.001 Increasing 0.0147 <.001 Increasing 0.0175 .001 Increasing

8 ncreasing: positive slope and P valueis statistically significant.
bUnchanged: P valueis not statistically significant.
“Decreasing: negative slope and P value is statistically significant.
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For the surgical group, the appointments per day and
turnaroundtime metrics showed a statistically significant
increasing trend, while the time in In Basket per day and time
in In Basket per appointment metrics showed a statistically
significant decreasing trend.

Although there wereincreasing and decreasing patterns among
the included metrics, there were no obvious patterns across
metrics and among groups. Therefore, there does not seem to
be evidence of a “learning curve,” which would have shown a
consistent reduction in time spent in the EHR system over time
due to familiarity and experience.

Findingsby Metric
The following sections describe the findings for each metric.

Appointments Per Day

During the reporting period, the weighted daily average number
of appointments per day was 8.31 (95% CI 8.27-8.35) for all
providers. For the medical group, the daily weighted average
was 6.41 (95% Cl 6.39-6.44), while for the surgical group, this
number was 14.01 (95% CI 13.93-14.10) appointments per day.
Theweighted daily mean for the medical FTE <0.5 group (mean
6.47, 95% Cl 6.44-6.49), compared to the mean for the medical
FTE >0.5 group (mean 6.36, 95% Cl 6.33-6.39), was
significantly different (Multimedia Appendix 2).

Although the slope changes were subtle, the SMA trends for
the appointments per day metric for al 3 groups were
statistically increasing over time (Multimedia Appendix 2).

In Basket Messages Received Per Day

Theweighted daily mean of web-based messages received was
21.93 (95% CI 21.64-22.22) messagesfor al 71 providers. The
weighted daily mean for the medical FTE >0.5 group was
significantly larger than that for the medical FTE <0.5 group.
Furthermore, the difference between the weighted daily mean
values of the medical FTE >0.5 group (mean 23.29, 95% CI
22.70-23.57) and the surgical group (mean 21.70, 95% CI 21.45,
21.94; P<.001) was datistically significant (Multimedia
Appendix 2).

In June 2021, Signal data recorded that 1 particular specialist
received an unusualy large number of In Basket messages.
After an examination, it was determined that this was due to
the EHR system sending a batch of all laboratory results from
many patients to this particular medical speciaist, who was
probably on call. The spike from this individua’s data is
reflected in the 2 graphsrelated to the medical group (FTE >0.5)
andthe graph for al providers (Multimedia Appendix 2). While
this particular case may be seen as an outlier, it serves as an
illustration of what can potentially happen within an EHR
system. Instances like this one may not be uncommon.

According to the SMA trend analysis, both medical groups
experienced statistically significant increasing trends in this
metric, while the surgery group’s trend remained statistically
unchanged. The trend change was much more pronounced for
the medical FTE >0.5 group (slope=0.0194) than that of the
medical FTE <0.5 group (slope=0.0047). Notably, for the
medical FTE >0.5 group, this metric had the largest slope and
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was the fastest changing over time (Multimedia Appendix 2).
This might have been because of the “anomaly” of a single
physician inthe medical FTE >0.5 group receiving avery large
number of emails, as described in the previous paragraph.
Furthermore, these results show the situations that are possible
within the EHR system and need to be recognized.

Timein In Basket Per Day

The weighted daily mean for al providers was 7.61 (95% Cl
7.59-7.64) minutes in In Basket per day. The weighted daily
mean for the medical group was 8.86 (95% Cl 8.84-8.89)
minutes in In Basket per day, while that for the surgical group
was 3.95 (95% CI 3.92-3.97) minutes per day. Themedical FTE
<0.5 group’sweighted daily mean was 7.98 (95% Cl 7.95-8.02)
minutes in In Basket per day, and the weighted daily mean for
the medical FTE >0.5 group (P<.001) was 9.73 (95% CI
9.68-9.77) minutes per day. The surgical group spent lesstime
in In Basket per day than the medical FTE >0.5 group (mean
3.95, 95% Cl 3.92-3.97, vs mean 9.73, 95% Cl 9.68-9.77;
P<.001; Multimedia Appendix 2).

On the basis of the trend analysis, the medical FTE >0.5 group
showed agtatistically significant increasing trend for thismetric,
while the surgery group showed a statistically significant
decreasing trend and the medical FTE <0.5 group’strend stayed
statistically unchanged. While the result of trend analysis for
this metric is different for each group, it is important to note
that the slopes for each group were very small and clinically
insignificant (Multimedia Appendix 2).

Timein In Basket Per Appointment

After analyzing 1528 observations related to the time that
providers spent in the In Basket per appointment, the total
average time for both surgical and medical groups was 1.84
(95% CI 1.83-1.85) minutes. The surgical groups spent 0.60
(95% CI 0.59-0.61) minutes, while the medical group spent
2.78 (95% Cl 2.77-2.79) minutes. The weighted daily mean for
the medical FTE <0.5 group was significantly different
compared to the mean for the medical FTE >0.5 group (mean
2.69, 95% Cl 2.68-2.71, vs mean 2.88, 95% Cl 2.86-2.90;
P<.001). Furthermore, a significant difference was observed
when comparing the medical FTE >0.5 group (mean 2.88, 95%
Cl 2.86-2.90) and the surgical group (mean 0.60, 95% CI 0.59,
0.61; P<.001; Multimedia Appendix 2).

For the time in In Basket per appointment metric, the medical
FTE <0.5 group wasthe only group that saw astatistical increase
in their use over time. The other 2 groups showed a statistical
decrease in their use over time for this metric (Multimedia
Appendix 2).

Turnaround Time

Turnaround timeisametric group under the In Basket category
within Signal. It reports the average number of days a provider
takesto mark amessage of aspecific typeas“done.” According
to the data, the surgical group spent 16.22 (95% Cl 14.69-17.76)
days on average to mark messages as done. The medical group
spent, on average, 9.72 (95% CI 9.21-10.23) days to mark
messages as done (Multimedia Appendix 2). For this metric, a
significant difference was observed when comparing the 2
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medical groups and between the medical FTE >0.5 and the
surgical group. The study team was unable to identify the
reasons for the delays.

For this metric, spikes in recorded data were observed
(Multimedia Appendix 2) for 2 study participants (1 medical
and 1 surgical specialist) over severa months, indicating
extremely long delaysin marking received messagesas“ done.”
An explanation for these anomalies in data capture within the
turnaround time metric remains elusive. Once more, we
encounter an outlier; nonetheless, it serves as an example of
potential EHR system use scenarios.

Onthebasisof the SMA trend analysis, al 3 groups experienced
statistically increasing trends over time for their turnaround
time metric (MultimediaAppendix 2). Thelargest dope (0.0175)
belonged to the surgical group and the smallest slope (0.0055)
belonged to the medical FTE <0.5 group for this metric.

Discussion

Principal Findings

Implementing Connect Care by AHS has transformed how
providers capture and share information by establishing changes
to workflows, processes, and charting approaches [47]. While
the overall objective is to establish uniformity in the EHR
system’s use, this study has revealed disparities in the timing
of task completion within the EHR system. Furthermore, in
certain cases, outliers have emerged whose use patterns are not
easily explained with the existing data. This study revealed
significant gaps in our understanding of EHRs and In Basket
management, highlighting the need for further exploration and
comprehension in these areas.

Khairat et a [48] evauated the time spent by general and
specialist pediatricians performing clinical documentation and
In Basket tasks outside work hours. Specialists spent moretime
in the EHR system, and “this may be because specialists see
more complex patientsand, therefore, need moretimeto review
the patient chart and to respond to In Basket messages’ [48].
Although in our study, we cannot say what percentage of
workload the providers spent on In Basket activities, we
identified that they spent 7.61 minutesin thetimein In Basket
per day metric and 1.84 minutes in the time in In Basket per
appointment metric. According to the raw data, the medical
FTE <0.5 group and the surgical group had, on average, more
appointments per day during the reporting period than the
medical FTE >0.5 group. It would be valuable to explore the
main workflow drivers of In Basket time and try to optimize
efficiency in thisareafor all specidties.

The proportion of time spent in the EHR system based on the
included metrics between the providers within the medical
groups (FTE <0.5 and FTE >0.5) was similar; however, little
can be concluded about the similarities or differences in use
dueto the high variability within the specialties. Although data
analysis showed statistical significance for al metrics, it is
apparent that FTE made no difference to the workload between
providersworking (FTE <0.5 or FTE >0.5). Before comparing
part-time medical providers with full-time ones, we could not
definitively attribute the observed differences between the
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medical and surgical groups to the fact that some medical
providers worked part time or to the fact that all surgical
providers worked full time. Our study did not reveal important
differences in In Basket metrics among medical specialists
regardless of the clinica FTE . Significant differences were
observed between medical and surgical colleagues. Presumably,
these differences relate to broad differences in medical versus
surgical consultation and their associated workflows.

When comparing the 3 groups, the medical FTE >0.5 group
was more “connected” than the medical FTE <0.5 group and
the surgical group when considering the time in In Basket per
day and time in In Basket per appointment metrics. Although
the surgical group treated more patients (on average, 14.01
appointments during the reporting period), they spent lesstime
in In Basket per day and per appointment, so they were “less
connected” than the 2 medical groups. Nonetheless, while the
data do not provide a direct explanation for these differences,
they do provide insight into the structuring of workloads. This
insight is crucial for comprehending how various professionals
use the EHR system and identifying areas where workflow
enhancements could prove beneficial.

Weidentified several providers datathat were outliersinterms
of their EHR use. For example, 2 providers took inordinately
long times to mark received web-based messages as done
(turnaround time), which impacted the data on between-group
differences. Furthermore, there was a medical provider who
received an extremely high number of web-based messagesin
June 2021. Such outliers demonstrate that certain scenarios can
significantly influence the averages of various metrics, leading
to skewed results. It underscores the possibility that data
generated by the EHR system may not always be accurate,
emphasizing the need for discussions and considerations with
EHR system vendorsregarding EHR functionality and measures
to reduce outlier occurrences. Future research with amore robust
statistical approach should be conducted to delve deeper into
addressing and mitigating anomaliesin the data.

One factor that we identified in our study is that Connect Care
did not capture all interactions due to various vendor-imposed
rules (eg, 5 appointments per reporting period). Similarly, Cohen
et al [49] identified issueswith vendor-derived metrics and how
different vendors cal cul ated the same activitiesin different ways
and identified that not all EHRs (vendors) drew information
from audit log data, which led to the inability to provide the
whole picture of provider’s interaction with the EHR system
[49]. Therefore, using only vendor-derived metrics may miss
important aspects of thetrue impact of the EHR system on users.
In the study by Cohen et a [49], 1 participant stated that “if
different EHR (vendors) are attacking the issue differently, you
will get variations not related to burden but just how the math
isdone” Documentation timefor In Basket use must be captured
completely with the intent to understand how In Basket
contributesto the overall workload of providers. If EHR systems
are being associated with burnout, In Basket messages could
be a starting point for common ground around the discussion
of how web-based messages should be delivered and managed
[50].
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Future Directions

Onthe basis of the resultsfrom this study, we identified several
future studies that can build upon this study. This study was
descriptive and did not explore the correlation between the
included metrics and provider satisfaction and burnout due to
EHR system use. The next step would be to conduct a study
exploring the circumstances around the individual EHR data.
It would be valuable to explore the main workflow drivers of
In Basket use time and try to optimize efficiency in this area
for all speciaties. A qualitative study should be conducted to
explore the variances between actual and perceived EHR system
use. While data from this study do not provide a direct
explanation for these differences, they do provide insight into
the structuring of workloads.

Furthermore, future studies should focus on the difference
between providerswith part-time and full-time clinical schedules
and how that trandates into EHR use. This insight is key for
understanding how various professions use the EHR system in
order to identify areas where workflow enhancements could
prove beneficial. Moreover, future research should explore EHR
use between different specialties and whether these specialties
impact EHR use habits. In addition, studies should explore the
association between other metrics and quality outcomes. Finaly,
future studies need to work on developing strategies for EHR
data quality appraisal. In our study, we identified that the data
generated by the EHR system may not always be accurate,
emphasizing the need for discussions and considerations with
EHR vendors regarding EHR functionality. In future studies
with a more robust statistical approach, there may be an
opportunity to delve deeper into addressing and mitigating
anomaliesin the data.

Limitations

Thisstudy has several limitations. The analyzed datawere only
the participating providers ambulatory (outpatient) data.
Inpatient data were not included, which might have provided
additional information on some of the metrics (inpatient data
were unavailablefor all included metricsin this study). Another
limitation isthe underestimation of some metrics based on how
Epic defines and captures activity (eg, aprovider needs at least
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5 appointments scheduled per week within the reporting period
and inbox activities related to phone calls or chart review).
Furthermore, to address some In Basket issues, a person may
need to access other parts of the EHR system to gather more
infformation or complete some other task (eg, write a
prescription) and only then go back into the In Basket to sign
off on it. Therefore, the actual time in the In Basket is a
systematic underestimation of the actual timeit took to complete
atask.

Due to the high variability of specialties (19 in total) and the
low number of recruited providers for each specialty (ranging
between 1 and 14 providers), we were unable to explore and
compare the differences in EHR use between the specialties.
The small number of participants might have created a bias
regarding the reasonsfor participation. Another study limitation
was that the FTE was self-reported, which might have led to
providersover- or underestimating their clinical schedules. The
final limitation isthat we did not eval uate the types of web-based
messages that the providers received in the In Basket. As this
isone of the first studies evaluating Connect Care, we deemed
that the focus should be on the overall metrics rather than the
submetrics or categories.

Conclusions

This study demonstrated the enormous promise of the ability
to harvest datafrom an EHR that describes system use and the
potential impact that it has on the workflow of physicians. To
take complete advantage of this, there must be an appropriate
understanding of how EHR systems capture and measure the
use by providers. This would be foundational to forthcoming
studies examining the association between provider wellness
and EHR systems in Canadian settings and studies focused on
improving the EHR system’s user experiences, devel oping best
practices for EHR systems rollout and subsequent use, and
understanding how the interface of the user and the EHR
systemsinterrelate. Although this study does not show how the
included metrics could be used as predictors of providers
satisfaction or feeling of burnout, the use trends could be used
to start discussions about future Canadian studies needed in this
area.

Acknowledgments

The authors would like to acknowledge and thank the providers who participated in this study. Without their help, this research
would not have been possible. The authors would also like to thank the staff from Alberta Health Services and Epic Corporation
for their willingness to provide the required data. Furthermore, the authors would like to thank the Canadian Institutes of Health
Research (grant 180993) for providing funding for this work. Without this funding support, this study would have not been

possible.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Grouping of included providers according to specialties.
[DOCX File, 29 KB-Multimedia Appendix 1]

https://www.jmir.org/2024/1/e53122

JMed Internet Res 2024 | vol. 26 | €53122 | p. 9
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v26i1e53122_app1.docx&filename=4c49eb2dc296fe1021af9e883dfaeb8e.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e53122_app1.docx&filename=4c49eb2dc296fe1021af9e883dfaeb8e.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Avdagovska et al

Multimedia Appendix 2

Findings by metric.
[DOCX File, 957 KB-Multimedia Appendix 2]

References

1.

© ®

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Donnelly C, Janssen A, Vinod S, Stone E, Harnett P, Shaw T. A systematic review of electronic medical record driven
quality measurement and feedback systems. Int J Environ Res Public Health. Dec 23, 2022;20(1):200. [FREE Full text]
[doi: 10.3390/ijerph20010200] [Medline: 36612522]

Negro-Calduch E, Azzopardi-Muscat N, Krishnamurthy RS, Novillo-Ortiz D. Technological progressin electronic health
record system optimization: systematic review of systematic literature reviews. Int JMed Inform. Aug 2021;152:104507.
[FREE Full text] [doi: 10.1016/j.ijmedinf.2021.104507] [Medline: 34049051]

Boothe C, Bhullar J, Chahal N, Chai A, Hayre K, Park M, et a. The history of technology in nursing: the implementation
of electronic health records in Canadian healthcare settings. Can J Nurs Inform. Sep 23, 2023;18(3). [FREE Full text]
Chang F, Gupta N. Progress in electronic medical record adoption in Canada. Can Fam Physician. Dec
2015;61(12):1076-1084. [FREE Full text] [Medline: 27035020]

Electronic medical and health records. HealthLink BC. URL.: https.//tinyurl.com/mrxyuky6 [accessed 2021-03-27]
MySaskHealthRecord. eHealth Saskatchewan. URL: https.//www.eheal thsask.ca/lMy SaskHea thRecord/My SaskHea thRecord
[accessed 2021-03-27]

What's an EHR? eHealth Ontario. URL: https.//ehealthontario.on.calen/patients-and-families/ehrs-explained [accessed
2021-10-08]

Connect care. Alberta Health Services. URL: https.//www.al bertahealthservices.calcig/cis.aspx [accessed 2021-10-08]
Primary health information management and electronic medical records. Government of Nova Scotia. URL: https.//novascotia.
ca/dhw/primaryhealthcare/PHIM-EMR.asp [accessed 2021-10-08]

Buntin MB, Burke MF, Hoaglin MC, Blumenthal D. The benefits of health information technology: areview of the recent
literature shows predominantly positive results. Health Aff (Millwood). Mar 2011;30(3):464-471. [FREE Full text] [doi:
10.1377/hithaff.2011.0178] [Medline: 21383365]

Rotenstein LS, Torre M, Ramos MA, Rosales RC, Guille C, Sen S, et al. Prevalence of burnout among physicians. a
systematic review. JAMA. Sep 18, 2018;320(11):1131-1150. [FREE Full text] [doi: 10.1001/jama.2018.12777] [Medline:
30326495]

Physician burnout. Agency for Hedlthcare Research and Quality. URL : https://www.ahrg.gov/prevention/clini cian/ahrg-works/
burnout/index.html [accessed 2022-01-13]

National Academies of Sciences, Engineering, and Medicine, Committee on Systems Approaches to Improve Patient Care
by Supporting Clinician Well-Being, National Academy of Medicine. Taking Action Against Clinician Burnout: A Systems
Approach to Professional Well-being. Washington, DC. National Academies Press; 2019.

McGonigle D, Mastrian K. Nursing Informatics and the Foundation of Knowledge. Burlington, MA. Jones & Bartlett
Learning; 2017.

Ouyang D, Chen JH, Hom J, Chi J. Internal medicine resident computer usage: an electronic audit of an inpatient service.
JAMA Intern Med. Feb 2016;176(2):252-254. [FREE Full text] [doi: 10.1001/jamainternmed.2015.6831] [Medline:
26642261]

Sinsky C, ColliganL, Li L, Prgomet M, Reynolds S, GoedersL, et al. Allocation of physician timein ambulatory practice:
atime and motion study in 4 speciaties. Ann Intern Med. Dec 06, 2016;165(11):753-760. [doi: 10.7326/M 16-0961]
[Medline: 27595430]

Arndt BG, Beasley JW, Watkinson MD, Temte JL, Tuan WJ, Sinsky CA, et a. Tethered to the EHR: primary care physician
workload assessment using EHR event log data and time-motion observations. Ann Fam Med. Sep 2017;15(5):419-426.
[FREE Full text] [doi: 10.1370/afm.2121] [Medline: 28893811]

Isam MM, Poly TN, Li Y C. Recent advancement of clinical information systems. opportunities and challenges. Yearb
Med Inform. Aug 2018;27(1):83-90. [FREE Full text] [doi: 10.1055/s-0038-1667075] [Medline: 30157510]

Piscotty RJ, Tzeng HM. Exploring the clinical information system implementation readiness activities to support nursing
in hospital settings. Comput Inform Nurs. Nov 2011;29(11):648-656. [doi: 10.1097/NCN.0b013e31821a153f] [Medline:
21532469]

Sheikh A, Sood HS, Bates DW. L everaging health information technology to achieve the "tripleaim" of healthcare reform.
JAmM Med Inform Assoc. Jul 2015;22(4):849-856. [ FREE Full text] [doi: 10.1093/jamia/ocv022] [Medline: 25882032]
Menachemi N, Collum TH. Benefits and drawbacks of electronic health record systems. Risk Manag Healthc Policy.
2011;4:47-55. [FREE Full text] [doi: 10.2147/RMHP.S12985] [Medline: 22312227]

Degen C, Li J, Angerer P. Physicians' intention to leave direct patient care: an integrative review. Hum Resour Health. Sep
08, 2015;13:74. [FREE Full text] [doi: 10.1186/s12960-015-0068-5] [Medline: 26350545]

https://www.jmir.org/2024/1/e53122 JMed Internet Res 2024 | vol. 26 | €53122 | p. 10

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v26i1e53122_app2.docx&filename=59e44f7a4fa323287a5652e0e89346b3.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e53122_app2.docx&filename=59e44f7a4fa323287a5652e0e89346b3.docx
https://www.mdpi.com/resolver?pii=ijerph20010200
http://dx.doi.org/10.3390/ijerph20010200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36612522&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1386-5056(21)00133-7
http://dx.doi.org/10.1016/j.ijmedinf.2021.104507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34049051&dopt=Abstract
https://cjni.net/journal/?p=7192
http://www.cfp.ca/cgi/pmidlookup?view=long&pmid=27035020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27035020&dopt=Abstract
https://tinyurl.com/mrxyuky6
https://www.ehealthsask.ca/MySaskHealthRecord/MySaskHealthRecord
https://ehealthontario.on.ca/en/patients-and-families/ehrs-explained
https://www.albertahealthservices.ca/cis/cis.aspx
https://novascotia.ca/dhw/primaryhealthcare/PHIM-EMR.asp
https://novascotia.ca/dhw/primaryhealthcare/PHIM-EMR.asp
https://doi.org/101377/hlthaff20110178
http://dx.doi.org/10.1377/hlthaff.2011.0178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21383365&dopt=Abstract
https://europepmc.org/abstract/MED/30326495
http://dx.doi.org/10.1001/jama.2018.12777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30326495&dopt=Abstract
https://www.ahrq.gov/prevention/clinician/ahrq-works/burnout/index.html
https://www.ahrq.gov/prevention/clinician/ahrq-works/burnout/index.html
https://europepmc.org/abstract/MED/26642261
http://dx.doi.org/10.1001/jamainternmed.2015.6831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26642261&dopt=Abstract
http://dx.doi.org/10.7326/M16-0961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27595430&dopt=Abstract
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=28893811
http://dx.doi.org/10.1370/afm.2121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28893811&dopt=Abstract
http://www.thieme-connect.com/DOI/DOI?10.1055/s-0038-1667075
http://dx.doi.org/10.1055/s-0038-1667075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30157510&dopt=Abstract
http://dx.doi.org/10.1097/NCN.0b013e31821a153f
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21532469&dopt=Abstract
https://europepmc.org/abstract/MED/25882032
http://dx.doi.org/10.1093/jamia/ocv022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25882032&dopt=Abstract
https://europepmc.org/abstract/MED/22312227
http://dx.doi.org/10.2147/RMHP.S12985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22312227&dopt=Abstract
https://human-resources-health.biomedcentral.com/articles/10.1186/s12960-015-0068-5
http://dx.doi.org/10.1186/s12960-015-0068-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26350545&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Avdagovska et al

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

Eschenroeder HC, Manzione LC, Adler-Milstein J, Bice C, Cash R, Duda C, et al. Associations of physician burnout with
organizational electronic health record support and after-hours charting. JAm Med Inform Assoc. Apr 23,
2021;28(5):960-966. [FREE Full text] [doi: 10.1093/jamia/ocab053] [Medline: 33880534]

Akbar F, Mark G, Warton EM, Reed ME, Prausnitz S, East JA, et a. Physicians' electronic inbox work patterns and factors
associated with high inbox work duration. JAm Med Inform Assoc. Apr 23, 2021;28(5):923-930. [EREE Full text] [doi:
10.1093/jamia/ocaa229] [Medline: 33063087]

Berg S. Family doctors spend 86 minutes of “pajamatime”’ with EHRs nightly. American Medical Association. Sep 11,
2017. URL: https://www.ama-assn.org/practice-management/digital/
family-doctors-spend-86-minutes-pajamartime-ehrs-nightly [accessed 2021-10-12]

Tai-Seale M, Dillon E, Yang Y, Nordgren R, Steinberg R, Nauenberg T, et a. Physicians well-being linked to in-basket
messages generated by algorithmsin electronic health records. Health Aff (Millwood). Jul 2019;38(7):1073-1078. [FREE
Full text] [doi: 10.1377/hlthaff.2018.05509] [Medline: 31260371]

Baxter SL, Saseendrakumar BR, Cheung M, Savides TJ, Longhurst CA, Sinsky CA, et al. Association of electronic health
record | nbasket message characteristics with physician burnout. JAMA Netw Open. Nov 01, 2022;5(11):e2244363. [FREE
Full text] [doi: 10.1001/jamanetworkopen.2022.44363] [Medline: 36449288]

Lieu TA, Altschuler A, Weiner JZ, East JA, Moeller MF, Prausnitz S, et al. Primary care physicians experiences with and
strategies for managing electronic messages. JAMA Netw Open. Dec 02, 2019;2(12):€1918287. [FREE Full text] [doi:
10.1001/jamanetworkopen.2019.18287] [Medline: 31880798]

Nguyen OT, Turner K, Apathy NC, Magoc T, Hanna K, Merlo LJ, et al. Primary care physicians electronic health record
proficiency and efficiency behaviors and time interacting with electronic health records: a quantile regression analysis. J
Am Med Inform Assoc. Jan 29, 2022;29(3):461-471. [FREE Full text] [doi: 10.1093/jamia/ocab272] [Medline: 34897493]
Cutrona SL, Fouayzi H, BurnsL, Sadasivam RS, Mazor KM, Gurwitz JH, et al. Primary care providers opening of
time-sensitive alerts sent to commercial electronic health record InBaskets. J Gen Intern Med. Nov 14,
2017;32(11):1210-1219. [FREE Full text] [doi: 10.1007/s11606-017-4146-3] [Medline: 28808942]

Akbar F, Mark G, Prausnitz S, Warton EM, East JA, Moeller MF, et al. Physician stress during electronic health record
inbox work: in situ measurement with wearable sensors. IMIR Med Inform. Apr 28, 2021;9(4):€24014. [FREE Full text]
[doi: 10.2196/24014] [Medline: 33908888]

Brunken M, Bice C. Achieving EHR satisfaction in any specialty: impact report. KLAS Research. 2019. URL: https:/
[Klasresearch.com/archcollaborative/report/achieving-ehr-sati sfaction-in-any-special ty/310 [accessed 2024-04-08]

Kroth PJ, Morioka-DouglasN, Veres S, Babbott S, Poplau S, Qeadan F, et a. Association of electronic health record design
and use factors with clinician stress and burnout. JAMA Netw Open. Aug 02, 2019;2(8):€199609. [FREE Full text] [doi:
10.1001/jamanetworkopen.2019.9609] [Medline: 31418810]

CMA national physician health survey: anational snapshot. Canadian Medical Association. 2018. URL: https.//www.
cma.ca/cma-national -physi cian-heal th-survey-nati onal -snapshot [accessed 2024-04-08]

Holmgren AJ, Downing NL, Bates DW, Shanafelt TD, Milstein A, Sharp CD, et al. Assessment of electronic health record
use between US and non-US health systems. JAMA Intern Med. Feb 01, 2021;181(2):251-259. [FREE Full text] [doi:
10.1001/jamainternmed.2020.7071] [Medline: 33315048]

Esstn A, Stern AD, Haase CB, Car J, Greaves F, Paparova D, et a. Health app policy: international comparison of nine
countries approaches. NPJDigit Med. Mar 18, 2022;5(1):31. [FREE Full text] [doi: 10.1038/s41746-022-00573-1] [Medline:
35304561]

Moy AJ, Schwartz IM, Chen R, Sadri S, Lucas E, Cato KD, et al. Measurement of clinical documentation burden among
physicians and nurses using electronic health records: a scoping review. JAm Med Inform Assoc. Apr 23,
2021;28(5):998-1008. [FREE Full text] [doi: 10.1093/jamia/ocaa325] [Medline: 33434273]

Aggarwa R, Ranganathan P. Study designs: part 2 — descriptive studies. Perspect Clin Res. 2019;10(1):34-36. [doi:
10.4103/picr.picr_154 18]

About AHS. Alberta Health Services. URL: https://www.al bertaheal thservices.ca/about/about.aspx [accessed 2020-08-19]
University of Alberta Hospital. University Hospital Foundation. URL: https://givetouhf.ca/university-of-alberta-hospital/
[accessed 2023-01-16]

Nath B, Williams B, Jeffery MM, O'Connell R, Goldstein R, Sinsky CA, et al. Trends in electronic health record inbox
messaging during the COVID-19 pandemic in an ambulatory practice network in New England. JAMA Netw Open. Oct
01, 2021;4(10):e2131490. [FREE Full text] [doi: 10.1001/jamanetworkopen.2021.31490] [Medline: 34636917]

Saag HS, Shah K, Jones SA, Testa PA, Horwitz L1. Pajamatime: working after work in the electronic health record. J Gen
Intern Med. Sep 9, 2019;34(9):1695-1696. [FREE Full text] [doi: 10.1007/s11606-019-05055-x] [Medline: 31073856]
SAS/STAT® 14.3 user’s guide high-performance procedures. SAS Institute Inc. 2017. URL: https://support.sas.com/
documentation/onlinedoc/stat/143/stathpug.pdf [accessed 2024-04-08]

What istableau? Tableau. URL: https.//www.tabl eau.com/why-tabl eau/what-is-tableau [accessed 2023-01-16]

Dulku K, Toll E, Kwun J, van der Meer G. The learning curve of BiZact™ tonsillectomy. Int J Pediatr Otorhinolaryngol.
Jul 2022;158:111155. [doi: 10.1016/j.ijporl.2022.111155] [Medline: 35584567]

https://www.jmir.org/2024/1/e53122 JMed Internet Res 2024 | vol. 26 | €53122 | p. 11

(page number not for citation purposes)


https://europepmc.org/abstract/MED/33880534
http://dx.doi.org/10.1093/jamia/ocab053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33880534&dopt=Abstract
https://europepmc.org/abstract/MED/33063087
http://dx.doi.org/10.1093/jamia/ocaa229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33063087&dopt=Abstract
https://www.ama-assn.org/practice-management/digital/family-doctors-spend-86-minutes-pajama-time-ehrs-nightly
https://www.ama-assn.org/practice-management/digital/family-doctors-spend-86-minutes-pajama-time-ehrs-nightly
https://doi.org/101377/hlthaff201805509
https://doi.org/101377/hlthaff201805509
http://dx.doi.org/10.1377/hlthaff.2018.05509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31260371&dopt=Abstract
https://europepmc.org/abstract/MED/36449288
https://europepmc.org/abstract/MED/36449288
http://dx.doi.org/10.1001/jamanetworkopen.2022.44363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36449288&dopt=Abstract
https://europepmc.org/abstract/MED/31880798
http://dx.doi.org/10.1001/jamanetworkopen.2019.18287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31880798&dopt=Abstract
https://europepmc.org/abstract/MED/34897493
http://dx.doi.org/10.1093/jamia/ocab272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34897493&dopt=Abstract
https://europepmc.org/abstract/MED/28808942
http://dx.doi.org/10.1007/s11606-017-4146-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28808942&dopt=Abstract
https://medinform.jmir.org/2021/4/e24014/
http://dx.doi.org/10.2196/24014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33908888&dopt=Abstract
https://klasresearch.com/archcollaborative/report/achieving-ehr-satisfaction-in-any-specialty/310
https://klasresearch.com/archcollaborative/report/achieving-ehr-satisfaction-in-any-specialty/310
https://europepmc.org/abstract/MED/31418810
http://dx.doi.org/10.1001/jamanetworkopen.2019.9609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31418810&dopt=Abstract
https://www.cma.ca/cma-national-physician-health-survey-national-snapshot
https://www.cma.ca/cma-national-physician-health-survey-national-snapshot
https://europepmc.org/abstract/MED/33315048
http://dx.doi.org/10.1001/jamainternmed.2020.7071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33315048&dopt=Abstract
https://doi.org/10.1038/s41746-022-00573-1
http://dx.doi.org/10.1038/s41746-022-00573-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35304561&dopt=Abstract
https://europepmc.org/abstract/MED/33434273
http://dx.doi.org/10.1093/jamia/ocaa325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33434273&dopt=Abstract
http://dx.doi.org/10.4103/picr.picr_154_18
https://www.albertahealthservices.ca/about/about.aspx
https://givetouhf.ca/university-of-alberta-hospital/
https://europepmc.org/abstract/MED/34636917
http://dx.doi.org/10.1001/jamanetworkopen.2021.31490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34636917&dopt=Abstract
https://europepmc.org/abstract/MED/31073856
http://dx.doi.org/10.1007/s11606-019-05055-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31073856&dopt=Abstract
https://support.sas.com/documentation/onlinedoc/stat/143/stathpug.pdf
https://support.sas.com/documentation/onlinedoc/stat/143/stathpug.pdf
https://www.tableau.com/why-tableau/what-is-tableau
http://dx.doi.org/10.1016/j.ijporl.2022.111155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35584567&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Avdagovska et al

46.

47.

48.

49,

50.

ZouYM, MaY, LiuJH, Shi J, FanT, Shan YY, et a. Trends and correlation of antibacterial usage and bacterial resistance:
time series analysis for antibacteria stewardship in a Chinese teaching hospital (2009-2013). Eur J Clin Microbiol Infect
Dis. Apr 10, 2015;34(4):795-803. [doi: 10.1007/s10096-014-2293-6] [Medline: 25487131]

Frequently asked questions. Alberta Health Services. URL : https.//www.al bertaheal thservices.ca/info/Page15938.aspx
[accessed 2024-04-08]

Khairat S, ZallaL, Gartland A, Seashore C. Association between proficiency and efficiency in electronic health records
among pediatricians at amajor academic health system. Front Digit Health. Sep 6, 2021;3:689646. [FREE Full text] [doi:
10.3389/fdgth.2021.689646] [Medline: 34713161]

Cohen GR, Boi J, Johnson C, Brown L, Patel V. Measuring time clinicians spend using EHRs in the inpatient setting: a
national, mixed-methods study. JAm Med Inform Assoc. Jul 30, 2021;28(8):1676-1682. [FREE Full text] [doi:
10.1093/jamia/ocab042] [Medline: 33899105]

Tai-Seale M, Olson CW, Li J, Chan AS, Morikawa C, Durbin M, et a. Electronic health record logsindicate that physicians
split time evenly between seeing patients and desktop medicine. Health Aff (Millwood). Apr 01, 2017;36(4):655-662.
[FREE Full text] [doi: 10.1377/hithaff.2016.0811] [Medline: 28373331]

Abbreviations

AHS: AlbertaHealth Services

EHR: electronic health record

FTE: full-time equivalent

REDCap: Research Electronic Data Capture
SMA: simple moving average

UAH: University of Alberta Hospital

Edited by K Williams; submitted 10.10.23; peer-reviewed by M Zaidi, N Shaw; commentsto author 26.01.24; revised version received
12.03.24; accepted 19.03.24; published 29.04.24

Please cite as:

Avdagovska M, Kuziemsky C, Koosha H, Hadizadeh M, Pauly RP, Graham T, Safinski T, Bigam D, Kassam N, Menon D

Exploring the Impact of In Basket Metrics on the Adoption of a New Electronic Health Record System Among Specialistsin a Tertiary
Hospital in Alberta: Descriptive Sudy

J Med Internet Res 2024, 26:€53122

URL: https://mww.jmir.org/2024/1/e53122

doi: 10.2196/53122

PMID:

©Melita Avdagovska, Craig Kuziemsky, Helia Koosha, Maliheh Hadizadeh, Robert P Pauly, Timothy Graham, Tania Stafinski,
David Bigam, Narmin Kassam, Devidas Menon. Originally published in the Journal of Medica Internet Research
(https://www.jmir.org), 29.04.2024. Thisis an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the origina publication on https://www.jmir.org/, as well as this copyright and license
information must be included.

https://www.jmir.org/2024/1/e53122 JMed Internet Res 2024 | vol. 26 | €53122 | p. 12

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1007/s10096-014-2293-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25487131&dopt=Abstract
https://www.albertahealthservices.ca/info/Page15938.aspx
https://europepmc.org/abstract/MED/34713161
http://dx.doi.org/10.3389/fdgth.2021.689646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34713161&dopt=Abstract
https://europepmc.org/abstract/MED/33899105
http://dx.doi.org/10.1093/jamia/ocab042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33899105&dopt=Abstract
https://europepmc.org/abstract/MED/28373331
http://dx.doi.org/10.1377/hlthaff.2016.0811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28373331&dopt=Abstract
https://www.jmir.org/2024/1/e53122
http://dx.doi.org/10.2196/53122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

