
Optimization of Electronic Health Record Usability 
Through a Department-Led Quality Improvement Process

ABSTRACT
BACKGROUND Electronic health records (EHR) have become commonplace in medicine. A 
disconnect between developers and users while creating the interface often fails to create a 
product that captures clinical workflow, and issues become apparent with implementation. 
Optimization allows collaboration of clinicians and informaticists after implementation, but 
documentation of success has only been at the institutional level.

METHODS A 4-month, department-wide EHR optimization was conducted with information 
technology (IT). Optimizations were developed from an intensive quality improvement pro-
cess involving all levels of clinicians and clinical staff. The optimizations were then catego-
rized as accommodations (department adjusted workflow to EHR), creations (IT developed 
new workflows within EHR), discoveries (department found workflows within EHR), and 
modifications (IT changed workflows within EHR). Departmental productivity, defined as 
number of visits, charges, and payments, was standardized to ratios prior to the COVID-19 
pandemic and evaluated by Taylor’s change point analysis. Significant improvements were 
defined as shifts (change points), trends (5 or more consecutive values above/below the 
mean), and values outside 95% CIs.

RESULTS The 124 optimizations were categorized as 43 accommodations, 13 creations, 54 
discoveries, and 14 modifications. Productivity ratios of monthly charges (0.74 to 1.28) and 
payments (0.83 to 1.58) significantly improved with the optimization efforts. Monthly visit 
ratios increased (0.65 to 0.98) but did not change significantly.

CONCLUSION Departmental collaboration with organizational IT for EHR optimization 
focused on detailed analysis of how workflows can impact productivity. Discovery optimiza-
tion predominance indicates many solutions to EHR usability problems were already in the 
system. A large proportion of accommodation optimizations reinforced the need for better 
developer-user collaboration before implementation.
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INTRODUCTION

In 2009, $27 billion in incentives were generated by the Health Information 
Technology for Economic and Clinical Health Act for development and imple-
mentation of electronic health records (EHRs).1-8 What followed was an 11-fold 

increase in EHR implementations over the next 6 years,9 by which time 96% of 
all non-federal acute care hospitals and 86% of office-based practices utilized 
EHRs.2,10-12 The impetus of these changes was to improve communication, standard-
ization, quality, and safety throughout medical care.3,13-18 Unfortunately, there have 
also been multiple unintended consequences such as increased work burden,1,2,16,19-23 
negative clinician emotions,1,21,22 attenuated work flow communication,1,10,13,15,21 
burnout,1,2,11,16,19 and facilitated medical errors.14,21

The implementation of EHR technology may be the root cause of some of these 
issues, beginning with developers designing a product based upon an organizational 
strategic vision, which routinely desires regulation compliance, billing productiv-
ity, and organizational growth.1 End-users are then asked to evaluate and custom-
ize the EHR for purchase. The time required for in-depth analysis of an unfamiliar 
system is often more than busy clinicians can commit to preimplementation.20 This 
results in an poorly aligned interface that fails to meet the clinicians’ needs as the 
developers lack an understanding of the clinicians’ workflow and the clinicians fail 
to appreciate all of the nuanced digital amenities.3,18,20,24 Overall efficient usability 
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ELECTRONIC HEALTH RECORD OPTIMIZATION

(speed and accuracy of task completion) can be compromised 
with this approach. Compromised usability directly relates to 
problems in productivity, error rate, and satisfaction.20

The theory of affordances states the benefits created 
by a concept, object, or system exist but are not utilizable 
(afforded) until they are perceived.15 New technologies take 
time before their outputs meet or exceed their inputs (infor-
mation technology [IT] productivity paradox).1,4 The lack 
of time afforded busy clinicians to explore the nuances of 
an new EHR leaves them with feelings of helplessness and 
hopelessness.25 Furthermore, the formative usability of the 
interface depends upon the developers’ understanding of the 
workflow complexities for a group of diverse individuals.20 
This is better handled in an optimization process, because 
developers rarely conduct a deep dive into the granular 
aspects of daily patient care before implementation, and users 
rarely become deeply involved in implementation.3,14,18,20,24 
Therefore, it was essential for the project’s aim of improv-
ing our EHR’s summative usability that sufficient time and 
resources were afforded to fully understand each component 
of all aspects of all daily workflows, maximize their efficiency, 
identify those responsible for them, and create standardized 
best practices for each workflow.

Family physicians, and departments that train them, 
require a user-friendly EHR interface. When implementation 
fails to yield an EHR with high usability, optimization is nec-
essary. Optimization is the process of continually improving a 
standing EHR1,3,24 using data analysis through real-time feed-
back16 and a focus on efficiency of patient outcomes, work-
flow, and sustainability.1,17 The quality improvement process 
is identified as a method for conducting the optimization pro-
cess.3 Because of this, our family medicine department created 
a department-wide, multidisciplinary improvement process, in 
partnership with the institution’s IT department, to optimize 
our EHR 9 months after its implementation. The current 
literature on EHR optimization best practices is limited, but 
predominately details overall institutional initiatives.1,11,17,19 
Even smaller organizations have had difficulty adjusting to 
large, complicated EHR systems.3 Our aim is to demonstrate 
that an individual department can create measurable changes 
in productivity, as defined by charges, payments, and visits, 
to preimplementation levels through a quality improvement–
driven EHR optimization process.

METHODS
The EHR optimization plan (Table 1, Figure 1) was con-
ducted at a moderate-sized (24 residents and 40 faculty) 
family medicine department in a public academic health 
care center serving a mostly rural population. Initially, senior 
departmental leadership validated the project’s importance 
by understanding the need, empowering a project lead, pro-
viding time and resources, and communicating these to the 
faculty. Eight work groups were created, related to specific 
critical areas within the department’s daily workflow: care 

coordination, communication, front desk, medication, notes, 
nursing, orders/referrals, and revenue. Groups were facilitated 
by a faculty lead and were comprised of a multidisciplinary 
team of both senior-level and junior-level individuals: admin-
istrators (3), care coordinators (3), junior and senior faculty 
(21), IT (4), nurses (7), pharmacy (1), front desk staff (2), 
residents (8), and social worker (1). Each team had 1-hour 
monthly meetings over a 4-month period co-facilitated by 
project and work group leads. Workflow problems were 
identified, and each facet of each problem was analyzed for 
efficiency in a step-by-step manner to identify best practices 
(responsibility, appropriate orders, appropriate location) and 
create workflow policy. Ideas were collected from all indi-
viduals within the department between meetings. Newfound 
knowledge was disseminated piecemeal at the time of dis-
covery and in consolidated virtual job-specific formats that 
allowed participants to view the presentation and experiment 
within the EHR simultaneously on a double-screen set-up. 
Following dissemination, clinicians and staff were encouraged 
to schedule one-on-one sessions with IT to create their own 
favorite order set collections and text templates.

We considered project interventions if they had potential 
to be impactful on productivity. Productivity was defined by 
clinical work and measured by the metrics of number of vis-
its, charges, and payments. Number of visits allowed assess-
ment of the relative speed with which patients could be seen. 
Charges and payments reflected changes in visit complexity 
that the EHR allowed physicians to identify and document. 
These numbers were collected from corporate accounting. 
The initial intervention of this optimization was the project’s 
initiation in June 2021. After the 4 monthly meetings, formal 
dissemination of the EHR improvements occurred in October 
2021. The final intervention was the individualized favorite 
order sets and templets in February 2022.

Optimizations within and related to the EHR were 
tracked and categorized (Tables 2 and 3) as either an accom-
modation (workflow adjustments made by the department 
outside of the EHR), creation (workflow added to the EHR 
by IT), discovery (workflow found by the department already 
inside the EHR), and modification (workflow changed within 
the EHR by IT). Category designation was assigned when 
more than 80% of author agreement occurred from inde-
pendent ratings. Improvements failing to meet this consensus 
were assigned based on group discussion. Improvements 
spawned from multiple groups and were attributed to each.

Analysis
Monthly departmental measurements of productivity (number 
of departmental visits, charges, and payments) were obtained 
from verifiable institutional numbers. A baseline was cre-
ated for analysis by the average of the 2 months before the 
COVID-19 pandemic and all numbers were reported as a 
ratio of that. The statistical process control methodology was 
utilized to identify significant process variance. Significant 
results include 5 or more consecutive values above the mean 
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ELECTRONIC HEALTH RECORD OPTIMIZATION

Table 1. Departmental EHR Optimization Process

Preimplementation

Empowerment from the department chair
  Set expectations for outcomes
  Freed adequate time from participants’ schedule
  Mandated participation in the dissemination process
Created a vision
Mission statement: Due to issues beyond our control, the EHR is here to stay. We, as a department, will move past the inertia of helplessness 

and improve the EHR by either molding it into a tool for our purposes or becoming agile enough to accommodate its imperfections. This will 
be accomplished through the following:

  Identifying imperfections in the way the EHR allows patient care
  Creating practical solutions to optimize physician workflow
  Allowing transparency of our innovation to the department and beyond
Designating an individual to facilitate the project 
Engaging organizational IT resources

Implementation

Create multidisciplinary work groups for target areas in workflow

Work Groups

Composition of Work Groups by Rolesa

Adiminstrators
Care 

Coordinators Faculty IT Nurses Residents Pharmacy
Front 

Desk Staff
Social 
Worker

Care coordination 0 1 3 1 1 1 1 0 1

Communication 0 0 3 1 2 1 0 1 0

Front desk 1 1 3 1 1 1 0 1 0

Medications 0 0 4 1 1 1 1 0 0

Notes 0 0 4 1 1 1 0 0 0

Nursing 0 0 3 1 3 1 0 0 0

Orders/referrals 0 1 4 1 2 1 1 1 1

Revenue 2 1 3 1 0 1 0 1 0

Meet Monthly 
  Hourly standing monthly meetings for each work group for 4 months
  Project lead attended all meetings to provide inter-group insights
  Facilitated discussions sought to understand every facet of the workflow
  Optimizations created to optimize patient safety
  Changes were implemented immediately upon group consensus
  Assignments (testing and developing workflows) were carried out by work group members between meetings
  New issues were brought to the attention of work group chairs between meetings

Dissemination

Departmental dissemination meetings 
Mandatory
Virtual format
Participants utilized a dual screen computer format to allow for simultaneous experimentation
Role-specific meetings (nurses, patient service representatives, and clinicians)
IT staff also attended

Individualized favorite order sets and templates
Disseminated to new hires
Institutional dissemination

Real-time improvements shared with all departments
Process presented at the institution’s annual Quality Improvement and Safety Conference

EHR = electronic health record; IT = information technology. 

a This table shows the number of individuals in each work group by role. Some served on more than 1 work group.
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(trend), shifts identified by Taylor’s change point analysis, and 
values outside the 95% CIs.26,27 Upper and lower 95% CIs 
were assigned through the bootstrapping method. This proj-
ect was deemed exempt by the Marshall University Internal 
Review Board.

RESULTS
There were 124 identified optimizations divided into 4 cat-
egories: accommodations, discoveries, creations, and modifi-
cations (Table 2, 3). 

Of those, 27 (22%) were in the IT dependent categories: 
13 were creations (11%) and 14 were modifications (11%). For 
IT-driven changes, the work groups for care coordination, 

communication, orders/referrals, and revenue were nearly 
evenly split in contributions and exceeded the combined total 
of 22%. Front desk, medications, notes, and nursing had few 
contributions. Creations optimizations had the highest per-
centages of changes from work groups for care coordination 
(25%), communication (20%), and revenue (22%). Modifica-
tions optimizations were predominatly created by the order-
ing/referrals group (6 of the 14 modifications). 

Departmental dependent categories accounted for 97 
(78%) of the optimizations: 43 (35%) were accomodations and 
54 (44%) were discoveries. Accommodations optimizations 
were predominantly from the front desk (70%) and nursing 
(71%) groups. Discoveries optimimizations were dominated 
by the notes work group (88%).

Figure 1. Flow diagram of departmental EHR optimization process.

EHR = electronic health record; IT = information technology.

EHR project inception

Preimplementation: Conceptualization

Develop a mission statement

Create support from leadership

Engender participation from faculty 
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Identify project lead
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work groups

Identify work group leaders

Secure time for monthly work group 
meetings
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EHR Implementation (4 Months)

Monthly work group meetings

Work group leaders facilitate discussion

Work� ows evaluated for ef� ciencies

Project lead and IT attend all meetings

EHR altered by IT 
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of creation and 
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department for optimi-
zations of accommoda-

tion and discovery
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Favorites

Facilitated by IT to 
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Clinicians

Multiple 2-hour 
sessions

Work simultaneously 
on own computer

Nurses

Single 2-hour session
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Front Desk
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Special cause variation in departmen-
tal productivity  (Figure 2), displayed as 
a ratio compared with production prior 
to COVID-19, was measured by overall 
trend, shifts in change point analysis, and 
values extending beyond the 95% CIs.26,27 

Minimal change was observed for 
number of visits where a shift was only 
seen from February to March 2021 (0.63 
to 0.91; 99% confidence). Still, gradual 
improvement was seen from the first 
full month of COVID-19 in April 2020 
(0.62) until data collection ceased in 
March 2022 (0.98). 

Charges plummeted in March 2020 
(0.96 to 0.77; 94% confidence) creating 
a nadir outside the lower limit of normal 
in April 2020 (0.46). Change points were 
seen in March 2021 (0.82 to 1.01; 99% 
confidence) and October 2021 (1.02 to 
1.24; 97% confidence). Significant values 
above the upper limit of normal were 
seen in the latter data of October 2021 
(1.24) and March 2022 (1.28). 

Payments had similar shifts in March 
2021 (0.67 to 1.38; 100% confidence) 
and September 2021 (1.20 to 1.50; 95% 
confidence), as well as values above the 
95% CI in 3 of the last 5 months (1.57, 
1.64, and 1.58). Unlike in charges, the 
payment measurement in November 
2020 (0.49) was below the 95% CI, 
which was 1 month following the EHR 
implementation date.

Table 2. Optimization Breakdown by Work Group and Improvement Type

Work Group
Overall 
No. (%)

Accommodationsa 
No. (%)

Creationsb 
No. (%)

Discoveriesa 
No. (%)

Modificationsd 
No. (%)

By IT Total 
No. (%)

By Dept. Total 
No. (%)

All groups 124 (100) 43 (34.7) 13 (10.5) 54 (43.5) 14 (11.3) 27 (21.8) 97 (78.2)
Care coordination 12 (9.7) 5 (41.7) 3 (25.0) 3 (25.0) 1 (8.3) 4 (33.3) 8 (66.7)
Communication 20 (16.1) 4 (20.0) 4 (20.0) 9 (45.0) 3 (15.0) 7 (35.0) 13 (65.0)
Front desk 30 (24.2) 21 (70.0) 2 (6.7) 7 (23.3) 0 (0.0) 2 (6.7) 28 (93.3)
Medications 8 (6.5) 3 (37.5) 0 (0.0) 4 (50.0) 1 (12.5) 1 (12.5) 7 (87.5)
Notes 17 (13.7) 0 (0.0) 1 (5.9) 15 (88.2) 1 (5.9) 2 (11.8) 15 (88.2)
Nursing 21 (16.9) 15 (71.4) 1 (4.8) 5 (23.8) 0 (0.0) 1 (4.8) 20 (95.2)
Orders/referrals 27 (21.8) 3 (11.1) 2 (7.4) 16 (59.3) 6 (22.2) 8 (29.6) 19 (70.4)
Revenue 18 (14.5) 6 (33.3) 4 (22.2) 5 (27.8) 3 (16.7) 7 (38.9) 11 (61.1)

Dept = department; IT = information technology.

Note: Duplicate optimizations were included in work group numbers if they independently originated in more than 1 group. The all groups row and overall column show numbers and percent-
ages with duplicates eliminated.

a Accommodations and discoveries are adjustments made by the department outside of the EHR.
b Creations are workflows added to the EHR by IT.
c Discoveries are workflows found by the department already in the EHR.
d Modifications are workflows changed in the EHR by IT.

Table 3. Examples of Optimizations

Accommodationsa • �Adjusted phone triage, removing the burden of all incoming calls going 
to the front desk

• Changed rooming and documentation workflow

• Standardized process for scanning documents into the EHR

• Modified scheduling workflow to EHR capabilities

Creationsb • Created a way to connect multiple printers for specific clinicians

• Generated a function for attending billing attestations on resident notes

• Developed a unified method for interdepartmental referrals

• �Designed an algorithm for attribution of patients to primary care clinicians

• �Created functions that closed the loop for completion of quality 
measures

Discoveriesc • Uncovered functionality of a resource tab for quality measures

• �Identified filters for monitoring referrals, listing patients by site, and 
searching documents

• �Became aware of how to create prefabricated tests and laboratory orders

• �Discovered functionality for clinicians to view data when creating notes 
during patient visits

• �Found capability to extend search ranges for vital signs, laboratory, and 
test results

Modificationsd • Extended time that unsaved data remains in system

• Developed a connection to state immunization database

• �Added a permanent and adjustable code status icon to the patient infor-
mation screen

• �Updated department-specific favorite lists for medications, labs, and tests 
for efficiency

• Eliminated redundant edit lists for outgoing billing

EHR = electronic health record; IT = information technology.

a Accommodations are workflow adjustments made by the department outside of the EHR.
b Creations are workflows added to the EHR by IT.
c Discoveries are workflows found by the department already in the EHR.
d Modifications are workflows changed in the EHR by IT.
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DISCUSSION
Ostensibly, the usability of an EHR 
is a function of how its interface 
allows users to care for their patients 
effectively, efficiently, and safely. 
It should be intuitive and provide 
necessary information in a timely 
manner. Usability of the EHR is 
directly related to productivity, error 
rate, and user fatigue metrics, but is 
perceived through user satisfaction 
which should not be the ultimate 
assessment.20 As a whole, EHRs were 
rated as unacceptable (9th percen-
tile; mean 46; SD 21) on the System 
Usability Scale for Technology in 
a survey of 870 physicians (70% 
response rate).2 The wide variance 
is thought to be due to the many 
unique EHR systems.2 Poorly com-
municated strategic vision, unengaged 
clinicians, and insufficient resources 
for training result in an oft-missed 
opportunity to enhance an EHR’s 
productive usability before and during 
implementation.3,20,25 

The aim of our optimization 
project was to enhance the usabil-
ity of our existing EHR through an 
intentional and coordinated effort 
that incorporated ideas from every 
individual in the department. As this 
was a multidisciplinary departmental 
effort (Figure 1), it differs from previ-
ously described optimizations in the 
literature, which were conducted at 
the organizational level.1,11,17,19,28 By 
conducting this optimization on the 
departmental level, we were able 
to tailor changes to create a more 
homogenous workflow, specific to a 
single specialty, while also designing 
a format that could be replicated in 
other departments or institutions.

Productivity data must be exam-
ined through the context of specific 
events to evaluate the impact of an 
optimization process. Operational 
changes created to mitigate the 
clinical impact of the COVID-19 
pandemic were devastating to depart-
mental productivity.29 This was 
seen with a shift in charges between 
March 2020 and April 2020, and 
in a drop below the lower limit of 

Figure 2. Longitudinal assessment of charges, payments, and visits in and 
around the time of the digital optimization project. 

Timeline

A COVID-19 pandemic: April 2020
B EHR: October 2020
C Inclement weather shutdown: February 2021
D Optimization project started: June 2021
E Dissemination of EHR improvements: October 2021

EHR = electronic health record.

Note: Data represented as a ratio of the monthly rate compared with the average monthly level of function prior to COVID-19 with 
95% CIs (solid lines) and mean level (dotted line). Shaded areas represent shifts in baseline by Taylor’s change point analysis.
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normality in April 2020 for visits and charges. Six months 
later, as visits, charges, and payments were just beginning 
to rebound, the improved EHR implementation occurred. 
This further depressed visits and charges,20 while the nor-
mally delayed effect on payments was not seen until the 
significantly lower level the following month. A trend above 
the mean was seen from the beginning of the optimization 
efforts in June 2021 through the end of data collection in 
March 2022 for both charges (0.92) and payments (1.05). 
Benefits of the interventions were further affirmed with an 
upward shift in charges and visits when improvements were 
disseminated in October 2021, and in payments the following 
month. Finally, the cumulative effect of all interventions can 
be seen with 2 values above the 95% CI noted for charges 
and 3 seen for payments in the project’s last 6 months. Fewer 
significant findings occured for visits. This is likely due to a 
wellness intervention during the project that changed visit 
duration from 15 to 20 minutes. Any impact on visits was 
blunted by the reduction of 8 visits per clinician per day. 
This made the return to near pre-pandemic levels in March 
2022 (0.98) noteworthy. Unexpectedly, there was a shift 
seen on all 3 productivity metrics between February 2021 
and March 2021. This is likely due to the combination of 
February being a short month and impactful ice storms in 
the area that prevented clinic visits for a week, reducing the 
number of office days to 15, compared with the 23 in fol-
lowing month.

Further lessons can also be understood from the interven-
tions themselves. The IT-remedied interventions (creation 
and modification) were surprisingly few in number (27), 
accounting for only 22% of all. This is consistent with cur-
rent literature,11,25 but different from what the department 
anticipated prior to optimization, as members thought that 
most improvements would occur from IT adding or amending 
current EHR functions. Within the IT interventions, changes 
were predominately compiling department-specific order 
entry preference lists (ie, medications, laboratories, billing 
codes, and orders) based on the most utilized departmental 
options from the previous 9 months. This ameliorated the 
fundamental issue of clinicians having an overabundance of 
options, which resulted in orders being abandoned in elec-
tronic destinations outside of the workflow of their intended 
recipients. These optimizations could have been generated 
before implementation had there been better collaboration 
between designers and users.

Another lesson can be seen in the large proportion (44%)  
of discovery optimizations (44%), in which the answers were 
already in the EHR, but the users were unaware that the 
function existed. This disconnect, dominant in the notes work 
group (88%), aligns with the current literature that better 
education during implementation allows for better interface 
functioning.3,14,18,20,24 As this is a well-established problem but 
continually occurs, we ask, “How do we fix the disconnect 
that continues to allow EHR implementation to be suboptimal 
for clinician needs?”

Sadly, the second largest proportion of optimizations 
(35%) were accommodations by the department adjusting 
workflow issues outside of the EHR. This was felt most by 
the front desk (70%) and nursing (71%) work groups and 
occurred when a digital fix for EHR difficulties was deemed 
impossible. Accepting the limitations within the EHR and 
working around them did become more palatable to clinicians 
the more they saw beneficial changes occurring from their 
collaboration with IT. Here too was a missed opportunity 
where better pathways could have been built in the EHR’s 
design before implementation when the structure was poten-
tially more malleable. The only potential remedy at this point 
would be with better user engagement in future upgrades.

The costs of the process included 4 hours of optimiza-
tion meetings for the participants in each group. The project 
lead and work group leaders spent an additional 2 to 4 hours 
in coordination and documentation efforts. Dissemination 
required meetings for front desk staff (patient service repre-
sentatives, 1 hour), nurses (2 hours), and clinicians (6 hours). 
Despite the widespread dissemination efforts, the department 
maintained some level of patient care at all times and at all 
sites. The return on investment, in addition to the improved 
productivity, was better engagement with IT. This translated 
into some leaders and early adopters becoming clinician 
advocates within the greater organizational digital structure. 
Working directly with clinicians identifying barriers in pro-
ductivity and workflow challenged the IT staff to identify 
EHR solutions, allowing for creation of workflows for how to 
address similar issues from other departments and disperse 
education at an organizational level.

Attempts to mitigate data limitations included group clas-
sification of improvements and pulling productivity numbers 
from an external record. Utilizing multidisciplinary frontline 
staff prevented EHR improvements from being too clini-
cian- or administrative-centric. Including IT personnel likely 
provided a more balanced picture of the process. This study’s 
single site does limit its external validity. However, creating a 
framework from disparate evidence-based recommendations 
that explores and identifies the workflow needs of an organi-
zation and optimizes the standing EHR resources should be 
widely applicable. There is an obvious observation bias, as 
just starting this effort sparked noticeable enthusiasm for the 
optimization process. We, however, claim that as a benefit 
derived from breaking the prior user melancholy that this 
framework promotes. The external factor of the COVID-19 
pandemic did inhibit our productivity, but this only muted 
the impact of our interventions.

CONCLUSION
This work is the first to demonstrate that a highly success-
ful EHR optimization can be conducted at the departmental 
level. A practical, detail-oriented, proactive approach can 
produce real-world gains in productivity. Lessons learned 
herein, specifically regarding collaboration with IT, can be 
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extrapolated to not only improving the function of active 
EHRs but potentially creating novel EHRs with better clini-
cian interfaces. Optimization is a constant process. Further 
collaboration is required to maintain and enhance already-
realized benefits. We hope that this work can inspire and 
empower other departments to optimize their digital records.

 Read or post commentaries in response to this article.
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