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Abstract

Background—The intensive care unit (ICU) is a stressful and complex environment in due to its
dynamic nature and severity of admitted patients. EHR interface design can be cumbersome and
lead to prolonged times to complete tasks.

Objectives—This paper investigated the relationship between a prominent EHR interface design
and interruptions with physician’s efficiency during patient chart review at ICU Pre-Rounds.

Methods—We conducted a live observation of ICU physicians in a 30-bed MICU at a tertiary,
southeastern medical center. Directly after the observation sessions, the physicians completed a
modified System Usability Scale (SUS) survey.

Results—A total of 52 EHR patient chart reviews were observed at the MICU Pre-rounds. There
was statistically significant positive correlation between time spent to review patient EHR with
both number of scrolling(p-value<0.0001) across EHR interface; and with number of visited EHR
screens (p-value=0.0444). There was positive correlation between number of interruptions with
time spent to review patient EHR during ICU prerounds.
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Conclusions—EHR design and the occurrence of interruptions lead to reduced physician-EHR
efficiency levels. We report that the number of scrolling and visited screens executed by physicians
to gather the required information was associated with increased screen time and consequently
decreased physician efficiency.
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Introduction

The intensive care unit (ICU) is a stressful and complex environment because of its

dynamic nature and severity of admitted patients (1, 2). Physicians value lies in the

expert and specialized skills they bring to the care provided in ICUs, including high-level
clinical decision making, managing the inter-professional team, coordinating consultant
recommendations, performing advanced bedside procedures, and supervising trainees.
Physicians’ most valuable resource in the ICU is time. Professional communication,
documentation, and reviewing patient data occupy significant amounts of time, the latter two
accomplished primarily on the computer. Developing efficient communication and computer
systems is necessary to facilitate maximum allocation of time to delivery of high-quality
care (3, 4).

The use of Electronic Health Records (EHR) has become a central component in clinical
settings. EHRs centralize patient data while reducing medical errors, controlling cost, and
providing an efficient communication between the interdisciplinary healthcare team (5). The
interface of EHR is designed to eliminate duplicate testing and facilitate easier workflow
for providers when inputting and examining patient’s information, however, substantial gaps
exist on the efficiency of usage of EHR (6). Due to the large volume of data and unfriendly
interface of EHR, providers are often left with information overload and disruption of
workflow. This can lead to medical error and waste of valuable time (7, 8).

EHRs designed for stressful work environment is expected to facilitate the workflow,
maximize efficiency, effectiveness and satisfaction of its workers. In ICU setting, design
with usability in mind can be translated into enhanced performance of providers, better
decision making with subsequent improved patient outcome (9). EHRs has the potential
to facilitate patient-centered care by improving care coordination and enhancing patient—
provider communication (10).

Visions for transforming physician-EHR interaction in the future include design
modifications that: provide rapid access to new information, organize by systems or
problems as well as by current versus historical patient data, and apply intelligence toward
detecting and representing change and urgency (11). This study aims to characterize the
specific barriers to efficient EHR interaction during ICU pre-rounds.
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The objective of this paper was to study the association between ICU Interruptions EHR
efficiency and satisfaction among physician trainees’.

To evaluate EHR experience during pre-rounds, we conducted live observations. Prior to
data collection, the study team conducted two testing observation sessions to obtain training
on the data collection instrument and to become familiar with the MICU environment.
Using a Flowsheet chart, two team members would observe a second- or third-year

resident while they were pre-rounding on their patients. The team members recorded on
paper the EHR screens they viewed, the sequence in which they viewed them, and the

time spent collecting data per patient. This was performed on three occasions with two
independent pairs of observers. Directly after the observation sessions, the physicians were
given a modified System Usability Scale (SUS) to complete. The inter-rated reliability and
agreement between the two observers was 79.3%.

One interaction is defined as one physician reviewing one patient’s chart in the EHR

during morning pre-rounds, i.e. standard work. Each interaction is observed in tandem

by two graduate research assistants, who utilize a checklist to record duration, key EHR
screens visited, navigation pathway, scrolling burden, toggle burden, interruptions, and use
of external resources. A modified version of the validated User Experience Questionnaire is
administered to gauge participants’ satisfaction with the EHR in real-time (12).

Setting and Participants

Materials

We observed six physicians in a 30-bed medical ICU (MICU) at a tertiary, southeastern
medical center. A sample size of six physicians exceed the recommended sample size for
usability studies that indicate that 75% of usability problems can be exposed from a sample
of five participants (13). Participants were recruited through convenience sampling using
verbal communication. The inclusion criteria was a physician or physician trainee whose
was, at the time of the study, serving at the MICU. Physicians who agreed to be shadowed
had to sign a consent form. This study was approved by the institutional review board (IRB).

We designed and built an observation tool based on our previous observational studies in the
ICU (14, 15). The observational tool included information about the observational session
such as date, time, observation number, start/end time, and the initials of the observers.

The tool was divided into two section (1) filters, (2) screen activity. Under filters, the
observers recorded the frequency and the type of EHR filters used by the participant. Under
screen activity, observers recorded the frequency and type of distractions, the frequency and
direction of scrolling, the screens visited.

Interruptions were characterized as either directly related to patient care (paging and others
related to professional care collaboration) or indirectly related to patient care (social and
cell phone interruptions). Interruptions were defined as a question from staff member of
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colleague, code, or rapid response team. Cell phone was defined as received call, text,
or checking of time. Social interactions were defined as non-clinical communications that
disrupted the on-going EHR interaction.

The primary outcomes of this study were number of EHR screens visited, duration per
patient chart, and interruptions. Secondary outcomes were scrolling per EHR screens and
provider satisfaction.

The studied barriers of EHR interaction were: (1) EHR interface design: evaluated by efforts
physicians exert to gather required information through number of scrolling across the
screen and number of viewed screens. (2) Interruptions: number and type of interruptions
occurred in the work place environment. The impact of studied barriers on physician -

EHR interaction was evaluated through: (1) Physician efficiency: time required to complete
revision of patient condition through Epic interface. (2) Physician satisfaction: system
usability score.

We used descriptive statistics to analyze EHR interaction data. Pearson correlation was

used to investigate any associations between the study outcomes. We conducted multivariate
analysis (MVA) to examine the correlation between measures of EHR interface design with
physician efficiency independent of interruptions effect.

A total of 52 distinct EHR patient chart reviews were observed during the MICU Pre-rounds.
Six physicians were observed during pre-rounds as end users of EHR interface. Among
participating physicians, ICU rotation average was 3.3 range (IQR: 2-5) rotations, while
years of training after graduation average was 2.8, range (IQR: 2-6) years. Our sample
included two female physicians out of total 6 physicians who were observed through unique
52 EHR interaction with average number of 8.6, range (IQR: 5-12) interactions per resident,
Table 1.

EHR interaction barriers related to EHR interface design

Most of the physicians had to scroll across EHR interface (screen) to review the required
information. Average of scrolling across the screen was 4.8, range (IQR: 0 — 16) scrolling
per interaction across physicians with a cumulative total of 251 scrolling across 52 EHR
interactions.

All of the physicians had to navigate through more than one screen to review the required
information. The average number of patient charts viewed were 4, range (2-6) screens per
interaction across physicians. The total number of discrete screens viewed was 20, where
results review, summary, flow sheets and chart review (20% of visited screens) constitute
more than 50% of total viewed screens.
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EHR interaction barriers related to interruption

During ICU preround, social interruptions were the most common type constituting (>60%)
28 interruptions out of total 42 interruptions observed. Other types of interruption related

to professional collaboration and paging follow in frequency, while cell phone interruption
occurred once only across all 52 EHR interactions.

Physician efficiency

The time spent to revise patient EHR during ICU preround varies across physicians with
average 2 minutes and 20 seconds, range (35 -397) per patient across physicians. The total
number of minutes spent per resident for the pre-rounding session ranged from 14 minutes
to 34 minutes with a cumulative total of 2 hours 40 minutes and 10 seconds for the all
pre-rounding sessions.

Physician satisfaction

The average total System Usability Score was an acceptable usability grade A of 72 (IQR:
50-87) among all participants. The lowest satisfaction score (SUS) was observed among
the two female physicians with unacceptable 50 grade F (SUS) and marginal 62.5 grade C
(SUS), after interaction with Epic interface. All male physicians (4 out of 6) had acceptable
(SUS), Figure (1).

Correlation between EHR interface design with physician efficiency

There was statistically significant positive correlation between time spent to review patient
EHR with both number of scrolling (p value < 0.0001) across EHR interface and with
number of reviewed screens (p value = 0.0444). In other words, EHR interface design that
require scrolling and navigation across multiple screens was associated with increased time
to find the required information, Table 1.

Correlation between interruption with physician efficiency

There was positive correlation (although not statistically significant) between number of
interruptions with time spent to review patient EHR during ICU preround. So, increased
number of interruptions was associated with decreased physician efficiency, Table 2.

Multivariate analysis

We conducted multivariate analysis (MVA) to examine the correlation between measures
of EHR interface design with physician efficiency independent of interruptions effect. EHR
interface design measured by scrolling (p value < 0.0001) and number of screens (p value=
0.0216) show significant correlation with resident efficiency independent of interruption.
Our study findings emphasized the role of EHR interface design as a barrier to physician
EHR interaction independent of other variables like interruption occurred during ICU pre-
rounds, Table 3.

Correlation based on data analysis per resident level

There was no statistically significant correlation between resident characteristics (age,
gender, number of rotations, post graduate years) with any of the following: (1) Barriers
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to EHR interaction; interface design (number of scrolling, number of screens) and
interruptions; (2) Physician efficiency using time spent to review patient EHR; (3) Physician
satisfaction using SUS.

n

Our study emphasized the important role of EHR user interface design in shaping EHR
interaction. We found that the number of scrolling and visited screens executed by
physicians to gather the required information was associated with increased screen time

and consequently decreased physician efficiency independent of interruptions occurred in
ICU work environment. Interruptions were still associated with increased screen time and
decreased efficiency of physician during ICU prerounds. In a research by Stanford Medicine,
conducted by The Harris Poll on 2018, showed that improving EHR user interface design
was the top priority of short-term changes that physicians need when interacting with EHR
followed by shifting the load of data entry to other support staff. In fact, six out of 10 (59%)
believe EHRs need a complete overhaul (16).

All physicians in the present study had to navigate through more than one screen during
EHR interaction. For categories and frequency of visited screens, results review, summary
and flow sheets were the most frequently visited screens while demography and vital sheets
were the least visited. In a systematic review by Tiago et al, note-entry studies revealed

that what clinicians document is affected by EHR interfaces. Similar to our findings, they
demonstrated that "assessment and plan™ is the most read note section and what clinicians
read is affected by external stimuli, care/information goals, and what they know about the
patient (17).

Two studies by Nolan et al demonstrated that certain report subtypes likely represent highly
important components to medical ICU decision making (18, 19). They found that nearly
half of all chart review sessions began by viewing notes (outpatient notes, progress notes,
discharge summary), which were overall the most likely data category to which clinicians
return after viewing other data. While about one-third of chart review sessions never
referenced like historical vital sign data which presumably obtained only at the bedside.
Another interesting finding from the same study is that clinicians spent nearly 10% of their
time searching or scrolling through screens of meta- data, representing the fourth most
common workflow activity by time. While it is possible that useful information can be
gleaned during this activity, it may suggest ineffective data presentation.

Carayon et al compared time spent by ICU resident and attending physicians on various
tasks before and after EHR implementation. They observed some evidence of efficiency
gains, such as less time spent on administrative review and documentation and in-between
tasks, for resident physicians but not for attendings, while both physicians and attendings in
the ICU spent more time on review and documentation of clinical information (20).

and EHR efficiency

In the this study, we observed type and number of interruptions occurred to physicians
during ICU preround workflow. Four types of interruptions were tracked; paging, other
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interruptions related to direct patient care, social and cellular phone calls interruptions.
We found that interruptions were associated (although not statistically significant) with
increased screen time and decreased physician efficiency.

Physicians’ EHR Satisfaction

For resident satisfaction, female physicians (two out of 6) reported the lowest score

after interaction with Epic interface in comparison with their male peers. However,

female physicians in our sample had the lowest number of ICU rotations and years of
training after graduation. The matter that marginalize the impact of gender on resident
satisfaction after interaction with Epic interface in ICU preround settings. There was no
statistically significant correlation between resident characteristics (age, number of rotations,
post graduate years) with; number of interruptions happened in clinical environment;

EHR interface design; efficiency using Epic interface. Absence of statistically significant
correlation can be attributed to small sample size of our study.

In a previous study Khairat et al EHR usability impact was examined in emergency
department with equal distribution of gender and experience among participating
physicians(21). They identified some factors that cause high EHR frustrations like;
remembering menu and button names; performing tasks that are not straightforward; system
speed; and system reliability. In comparison between attending and resident physicians,
frustration levels linked to the EHR were significantly higher for attending physicians
compared with physicians who were faster in completing half of the assigned tasks and in
their overall reaction to the EHR (21).

Usability study design

Assessment of end-user EHR behavior has often been conducted via self-reports and
surveys, direct observation, and meaningful use measure reporting. An observational time
motion study found that ICU physicians spent only 17% of their time on direct patient

care. In contrast, ICU physicians spent the majority of their time (62%) on professional
communication, followed by 38% of their time on data review and documentation, and 9%
on educational activities. Interruptions were common, occurring an average of 2.5 times per
hour, and participants were found to be multitasking 67% of the time (8).

A systematic review and meta-analysis conducted by Khairat et al demonstrated that
currently no conclusion can be made regarding the effect of health information technology
on inpatient and ICU outcomes such as mortality, length of stay, and cost. They concluded
that more research is needed with standardized interventions and endpoints to evaluate EHR
use and implementation (22).

Epic vendor among others

A recent study by Holmgren et al, showed that vendor choice accounts for a meaningful
proportion of variation in hospital meaningful use performance. Epic was associated with
significantly higher performance on 5 of the 6 criteria; relationships for other vendors were
mixed, with some associated with significantly worse performance on multiple criteria (23).
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Recently, research efforts have been focusing on improving EHR interaction to enhance
efficiency and effectiveness of healthcare providers. In a literature review, visualization
dashboard solutions showed decrease time spent on data gathering, difficulty of data
gathering process, cognitive load, time to task completion, errors, and improve situation
awareness, compliance with evidence-based safety guidelines, usability, and navigation (22).
Pickering et al, observed the impact of an ICU-specific patient viewer and monitoring
system called The Ambient Warning and Response Evaluation (AWARE) system. They
found that compared to the existing EMR, information management (data presentation
format, efficiency of data access) and cognitive mental load was reported to be better after
AWARE implementation (24). In a study conducted by Asan et al, the importance of training
and orientation affects the adoption and use patterns of a new EHR interface technology
Large Customizable Interactive Monitor (LCIM) (25). Another study by Robinson et al
demonstrated that EHR training programs may have impact on the safety, quality, accuracy,
and timeliness of care and may also help reduce physician burnout by improving critical
skills and reducing time interfacing with all aspects of a patient’s health record (26).

Recommendations

EHR implementation is a major additions to the clinical workflow however, developing EHR
interface with a user centered design is a challenging task for many developers because of
the multifaceted nature of healthcare practices. Many studies concluded that transformative
changes in EHR interaction need multidisciplinary approach including but not limited to;
user centered design, visualization dashboard solutions, ongoing training for healthcare
providers to build up skills for effective use of advances in HIT. Such approach should

flip the coin of current EHR interaction barriers into facilitators and achieve better HCP
performance and overall patient outcome.

Study Limitation

Our purposive sample size for participating physicians was relatively small, which was
homogenous purposive sample based on participants’ age, clinical experience, and EHR
experience. However, the current study can be considered as a pilot for future larger studies
to further examine and explore physician EHR interaction especially with expected ongoing
changes in EHR interface design.

Participating physicians were not controlled for number of ICU rotation and years of
training after graduation. These factors may affect physician EHR interaction regarding
efficiency and satisfaction. Also, we only looked at Medicine physicians in one setting, so
findings may not apply to trainees in Surgery or Anesthesia or Pediatrics, etc.

Observation in this study was based on subjective evaluation of barriers to EHR interactions
like scrolling number across the screen, screens viewed and time. We tried to enhance
accuracy and reliability of our study results by taking the average of two observers for each
EHR interaction measurable.
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Conclusion

We investigated the association between the EHR interface design and interruptions with
physician’s efficiency and satisfaction during patient chart review at ICU Pre-Rounds. We
report that the number of scrolling and visited screens executed by physicians to gather the
required information was associated with increased screen time and consequently decreased
physician efficiency independent of interruptions occurred in ICU work environment. Also,
EHR design and the occurrence of interruptions can lead to reduced physician-EHR
efficiency levels. In conclusion, more user-centered design is required to deliver an EHR
interface that is useful by the users.
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Key Messages

1 The amount of scrolling and visited screens executed by physicians to
gather the required information was associated with increased screen time
and consequently decreased physician efficiency independent of interruptions
occurred in ICU work environment.

2. Interruptions were still associated with increased screen time and decreased
efficiency of physician during ICU prerounds.

3. Interruptions were associated with increased screen time and decreased
physician efficiency.
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System Usability Score by Participant

Acceptable
Grade A 87.5

Marginal
Grade C
(51-69)

P1 P2 P3 P4 P5 P6

System Usability Scale (SUS) scores across ICU physicians.
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Table 1.
Participant Characteristics.

.- Number of | Total
Physician Age | Gender Level of Charts Screen
Participant Training Reviewed Visits

1 29 M PGY-3 6 42

2 28 F PGY-2 12 63

3 29 F PGY-2 11 71

4 36 M PGY-2 9 62

5 28 M PGY-2 5 56

6 N/A M PGY-6 9 36
CUMULATIVE 52 330
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Table 2.

Correlation between different variables of EHR interaction

Variable Variable Correlation | p-value
Time Interruption | 0.26827 0.1456
Time Scrolling 0.47498 <0.0001%
Time Screens 0.30715 0.0444 *
Interruption | Scrolling -0.09111 0.4277
Interruption | Screens -0.30061 0.1191
Scrolling Screens 0.07851 0.6355

*
statistically significant value (p<.05)
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Table 3.
Correlation between EHR interface design with physician efficiency after controlling for interruption effect
using MVA.
Variable | Correlation | p-value
Scrolling | 0.52059 <0.0001~
Screens 0.42207 0.0216 ™

*
statistically significant value (p<.05)
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