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Abstract Objective To evaluate informatics-enabled quality improvement (QI) strategies for
promoting time spent on face-to-face communication between ophthalmologists and
patients.
Methods This prospective study involved deploying QI strategies during implemen-
tation of an enterprise-wide vendor electronic health record (EHR) in an outpatient
academic ophthalmology department. Strategies included developing single sign-on
capabilities, activating mobile- and tablet-based applications, EHR personalization
training, creating novel workflows for team-based orders, and promoting problem-
based charting to reduce documentation burden. Timing data were collected during
648 outpatient encounters. Outcomes included total time spent by the attending
ophthalmologist on the patient, time spent on documentation, time spent on
examination, and time spent talking with the patient. Metrics related to documenta-
tion efficiency, use of personalization features, use of team-based orders, and note
length were also measured from the EHR efficiency portal and compared with averages
for ophthalmologists nationwide using the same EHR.
Results Time spent on exclusive face-to-face communication with patients initially
decreased with EHR implementation (2.9 to 2.3 minutes, p¼ 0.005) but returned to
the paper baseline by 6 months (2.8 minutes, p¼ 0.99). Observed participants out-
performed national averages of ophthalmologists using the same vendor system on
documentation time per appointment, number of customized note templates, number
of customized order lists, utilization of team-based orders, note length, and time spent
after-hours on EHR use.
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Background and Significance

Burnout among physicians is increasing,1,2 affecting nearly 80%
ofAmericanphysicians according to a national survey in2018.3

While the causes of physician burnout are complex andmulti-
factorial, increasing use of electronic health records (EHRs) has
been frequently cited as a contributing factor.1,4–10 Although
documentation in EHRs has been demonstrated to be more
complete than paper-based documentation,11 EHRs have also
been associated with increased clerical burden and decreased
face-to-face time with patients due to computer use.1,4,7,12–16

One longitudinal study conducted in an academic ophthalmol-
ogy department over 2 years before and after EHR implemen-
tation demonstrated that ophthalmologists were significantly
more likely to express concern about the impact of an EHR on
meaningful patient interaction after implementation.17 One
strategy to address these issues has focused on redesigning
EHRs, with multiple studies examining how to improve EHR
usability, optimize user interfaces, and reduce click
burden.8,18–23 However, executing EHR design changes can
be constrained by limitations imposed by institutional infra-
structure or by EHR vendors. Another strategy to reduce the
documentation burden and altered physician–patient commu-
nication patterns imposed by EHRs is to use scribes. Scribes
have been shown to improve physician satisfaction, charting
efficiency, productivity, and face-to-face communication with
patients.24–28However, somehave suggested that using scribes
results in lost nuance and cognitive processing time,29 and
relatively little isknownabout thesafetyandaccuracyofscribe-
related documentation.30 Moreover, scribes may not always
be financially feasible. Therefore, additional strategies to
improve EHR use warrant further investigation.

Objectives

In this study, we evaluated whether a suite of informatics-
enabledquality improvement (QI) interventions couldoptimize
documentation efficiencyand face-to-face communicationdur-
ing outpatient encounters. Ophthalmology serves as a repre-
sentative use case as it entails both medical and surgical
practice, involves clinical workflows similar to many other
ambulatory specialties (initial staff exam followed by clinician),
and tends to be high volume.31 We leveraged a paper-to-EHR
transition in an academic ophthalmology department as an
opportunity to study the efficacy of QI interventions deployed

during the implementation process. The efficacy of these inter-
ventionswas evaluated by comparing timing outcomes for EHR
use with those for paper charts, which have been previously
reported.32Basedonprior studies,33–35weanticipatedthat EHR
usewould be associatedwith significantly increased documen-
tation time and decreased face-to-face communication time.

We hypothesized that these anticipated effects could be
mitigated by a multipronged approach: (1) developing single
sign-on (SSO) capabilities; (2) activating mobile- and tablet-
based applications; (3) training on existing EHR personaliza-
tion features; (4) creating novel workflows for team-based
orders; and (5) focusing onmitigating documentation burden.
Here we demonstrate that this approach enabled the time
spent on face-to-face communication during outpatient oph-
thalmology encounters using EHRs to reach equivalence to
paper charting, even without scribes. Although these inter-
ventions were studied in the context of an EHR implementa-
tion, they leveragedexistingEHR functionalities and couldalso
be operationalized immediately for clinical settings that are
already using EHR. With increasing EHR adoption among
ophthalmologists,36 these types of interventions will become
increasingly relevant and offer potential strategies for reduc-
ing EHR dissatisfaction and preventing associated burnout.

Methods

Study Design and Subjects
Thiswas a prospective study at theUniversity of California San
Diego (UCSD) Shiley Eye Institute, a multispecialty academic
ophthalmology clinic in La Jolla, California, United States. Prior
to September 2018, all outpatient encounters were docu-
mented using paper charts. A convenience sample of outpa-
tient encounters in clinics of attending ophthalmologists who
underwent implementation of the ophthalmology module of
the enterprise EHR (Kaleidoscope from Epic Systems, Verona,
Wisconsin, United States) in September 2018 was used to
obtain manual time–motion observations before and after
implementation. Institutional review board/ethics committee
approval was obtained. Waiver of documented consent was
granted to allowobservation of patients and ophthalmologists
without disruption of normal workflows.

Intervention Strategies
Building on the national experience and published literature
around EHR optimization,37–39 the following strategies were

Conclusion Informatics-enabled QI interventions can promote patient-centeredness
and face-to-face communication in high-volume outpatient ophthalmology encoun-
ters. By employing an array of interventions, time spent exclusively talking with the
patient returned to levels equivalent to paper charts by 6 months after EHR implemen-
tation. This was achieved without requiring EHR redesign, use of scribes, or excessive
after-hours work. Documentation efficiency can be achieved using interventions
promoting personalization and team-based workflows. Given their efficacy in preserv-
ing face-to-face physician–patient interactions, these strategies may help alleviate risk
of physician burnout.
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employed to decrease ophthalmologists’ documentation
burden and improve their ability to engage in patient-facing
activities.

Developing Single Sign-On Capabilities
To reduce click burden, secure SSO capability was installed for
all workstations (Imprivata, Inc., Lexington, Massachusetts,
United States). This allowed simultaneous access to the work-
station desktop, the enterprise EHR, and the ophthalmology
picture and archiving communication system (PACS; ZEISS
Forum Enterprise, Carl Zeiss Meditec, Oberkochen, Germany)
with a single-badge contact to a proximity card reader. Not
only was this process keyboard and mouse-free, but it also
allowed for simultaneous navigation between the EHR and the
PACS as ophthalmologists entered different patient charts. In
addition, functionality was developed so that ophthalmolo-
gists badging into aworkstationwould automatically open the
last patient chart that was active on that workstation, which
was typically prepopulated by a technician and/or a trainee.
This eliminated the need to scroll through the clinic schedule
to select a particular patient’s chart at every log-in.

Activating Mobile- and Tablet-Based Applications
To allow greater flexibility of EHR use and improve the
ophthalmologists’ ability to turn and face the patient instead
ofbeingobligated to facea staticcomputer screen, trainingwas
also provided on how to use the EHR on mobile- and tablet-
based applications (Epic Haiku and Epic Canto, Epic Systems).

Training on Existing EHR Personalization Features
The enterprise EHR allowed users to customize a wide range
of features, including note templates, order sets, and menus/
displays. Multiple methods were employed to train ophthal-
mologists, technicians, and trainees about these features.
EHR analysts with expertise of the ophthalmology module
conducted formal 4-hour training sessions for all users,
divided by user group and by subspecialty division to cus-
tomize each session to specific workflow needs. These
sessions were not wholly didactic; each had 1 to 2 hour
built-in time for users to develop personalization features
with analysts’ assistance. Additionally, individual consulta-
tions from EHR analysts, the ambulatory Chief Medical
Information Officer (M.M.), and a dedicated liaison between
the ophthalmology department and the health information
technology (IT) team (H.E.G.) were also offered to all oph-
thalmologists for further guidance.

Creating Novel Workflows for Team-Based Orders
Recognizing that EHR adoption could shift clerical responsi-
bilities to physicians, the implementation team developed
and implemented novel workflows for team-based orders
within the EHR, leveraging ophthalmic technicians who had
been accustomed to offering substantial support to ophthal-
mologists in paper-based workflows. The ophthalmology
module allowed technicians to pend orders for imaging
and other ancillary tests. In addition, for tests that were
likely to be repeated over time (i.e., visual fields), technicians
could easily pend repeating orders—once signed, these

orders would automatically activate for future encounters.
Technicians provided input as the workflow was being
developed, and multiple “dress rehearsals” were conducted
prior to EHR implementation to refine the workflows.

Documentation Burden
Lengthy physician notes as a result of billing, coding, and
regulatory requirements, as well as conservative local inter-
pretation of these guidelines, may contribute substantially to
EHR-relatedworkburden.40,41 In close collaborationwith local
compliance experts, the team built innovative problem-based
documentation workflows to reduce data entry burden
and shorten note length. Providers were able to document
and order all in one screen using problem-based documenta-
tion. They documented results of imaging in their notes and
avoided needing to navigate to other areas of the chart. In
addition, a new type of note was created to make the visit
information easily visible to other providers aswell as format-
ted to be billed.

Main Outcome Measures: Timing Metrics

Timing Metrics Based on Manual Time–Motion
Observations
The main outcome measures consisted of timing metrics for
each patient encounter. Detailed timestamp data were col-
lected using manual time–motion observations regarding
total time spent by the ophthalmologist on the encounter,
time spent on documentation (which was broadly defined to
include any activities entailing interactionwith the patient’s
medical chart), time spent onphysical examination, and time
spent talking with the patient. Time spent on documentation
included time spent interacting with the patient’s medical
chart whether on paper, desktop-based EHR, EHR mobile
application, or EHR tablet application. All other activities (i.e.,
performing procedures, talking with trainees or staff about
the patient) were categorized as “other.” Consistent with
previously published methodology,32,33 if talking with the
patient occurred simultaneously with another activity, only
the nontalking activity was recorded. Therefore, “talking
with the patient” was only recorded if the ophthalmologist
was engaged in exclusive, face-to-face communication with
the patient. Timing data were recorded using customized
data entry tools (Numbers, Apple Inc., Cupertino, California,
United States) with automated timestamp functionality and
preloaded menus with specified activities to facilitate rapid
data entry and decrease interobserver variability. Training
and quality controlmeasures formanual time–motion obser-
vations in the outpatient ophthalmology setting have been
previously described.32 In summary, paired observations
were conducted to ensure interobserver consistency in
accurate timing and identification of clinical activities.

Manual time–motion observations were performed for
648 patient encounters. All patient encounters in clinics of
full-time faculty members with stable practices (defined as
working >1 year at UCSD with four or more half-day clinic
sessions per month) who were undergoing EHR implemen-
tationwere eligible for inclusion. Time–motion observations
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were performed in three phases: (1) 2 to 3 weeks before EHR
implementation in September 2018, with paper-based doc-
umentation (“preimplementation”); (2) 5 to 6 weeks after
EHR implementation in November 2018 (“early postimple-
mentation”); and (3) 6 months after EHR implementation in
April 2019 (“6months postimplementation”). In a systematic
reviewexamining the impact of EHRuse on time efficiency,42

the most common time period from implementation to
evaluation was 6 to 7 months. Prior time–motion studies
in ophthalmology also evaluated EHR use at 5 to
6 months after implementation.34,35 We therefore selected
6 months as an evaluation time point to enable comparison
with prior studies. We also evaluated timing outcomes at
6 weeks postimplementation to characterize early EHR use.
Manual time–motion observations required a physically
present observer and therefore precluded masking or blind-
ing procedures. For each patient, demographic data (age,
gender, and ethnicity), primary language used during the
encounter, and visit type (new patient, routine follow-up,
and postoperative visit within 90 days of surgery) were
recorded. This allowed comparison of patient characteristics
across study phases.

Timing Metrics Based on the EHR Efficiency Portal
Wealso analyzeddata fromanefficiency portalwithin the EHR
(EpicSignal, EpicSystems) to characterizeusagemetricsamong
observed ophthalmologists regarding efficiency and adoption
of EHR features after these intervention strategies had been
implemented. We used readily available usage metrics that
were developed by the EHR vendor and accessible on the
efficiency portal, which is a web-based interface that reports
the usage metrics alongside an array of visualization tools.
These metrics, aggregated by monthly reporting periods, are
based on vendor-designed algorithms that process time-
stamped EHR data and map them into specific domains such
as notes, orders, clinical review, in-basket time, and other
activities. We collected EHR timing metrics for ophthalmolo-
gists inour study in theApril 2019 reporting period,whichwas
the same time period as the final phase of time–motion
observations (6 months post-EHR implementation). These
were compared with aggregated, deidentified data reported
for all ophthalmologists using the same EHR vendor nation-
wide during the same reporting period.

Process Measures
Because patient volume has been shown to impact EHR use
time, the first process measure was clinical volume, defined
as the number of patient encounters completed by each
observed ophthalmologist within a half-day clinic session,
defined by their usual scheduling template. For each session
where manual time–motion observations were performed,
the total number of completed patient encounters was also
recorded. Patients that had been scheduled but did not arrive
for their appointments (no-shows) were excluded. Themean
clinical volume was calculated across all observed sessions
for all ophthalmologists in each study phase.

Besides clinical volume, other processmeasures described
the adoption of the intervention strategies described. Direct

observation was used to determine whether ophthalmolo-
gists used the SSO/badge-in functionality or manually typed
in their log-in credentials, and whether they used mobile
and tablet EHR applications. The EHR efficiency portal was
used to collect data on whether observed ophthalmologists
adopted various personalization features in the EHR, what
percentage of orders had team contributions, and how long
their noteswere based on character count. These data helped
generate insight about which processes may have contribut-
ed to the observed effects on timing outcomes.

Balancing Measures
Balancing measures reflect perceptions of a system from
different dimensions and are aimed at quantifying possible
new problems in the system.43 As such, balancing measures
help elucidate whether changes designed to improve one
part of a system may cause new problems in other parts of
the system. In this study, our balancingmeasure consisted of
patient satisfaction scores. Patient satisfaction scores were
obtained using routinely administered Press Ganey surveys
that ask patients whether they would “recommend the
physician and service.”44 We defined patient satisfaction as
the percentage of patients who responded “Yes, definitely.”
Patient satisfaction scores were obtained in August 2018, as
this represented the final full month of paper-based docu-
mentation, before EHR implementation in September 2019.
This was averaged across all observed ophthalmologists and
considered the baseline patient satisfaction value. Subse-
quent monthly averages across all observed ophthalmolo-
gists throughout the duration of the study period were
reported relative to the baseline value (i.e., each average
monthly value was divided by the baseline value).

Statistical Analysis
The differences between continuous timing outcomes from the
study phaseswere analyzedusing theKruskal–Wallis rank sum
tests. If the Kruskal–Wallis rank sum test demonstrated a
statistically significantdifferencebetween study phases, subse-
quentmultiplepairwisecomparisonswereperformedbetween
groups using pairwise Wilcoxon rank sum tests. We used the
falsediscovery ratemethod tocorrect formultiple comparisons.
Differences in clinical volume across study phases were evalu-
ated using analysis of variance (ANOVA) testing. Statistical
significance was defined as p< 0.05 for all hypothesis tests.
Besides timing outcomes and clinical volume, descriptive
statistics were generated for other measures, but hypothesis
testing was not performed given that aggregated data in the
EHR efficiency portal did not provide measures of variance. All
statistical analyses were performed using R (The R Project for
Statistical Computing).45

Results

Cohort Characteristics
Time–motion observations were performed for 648 encoun-
ters (n¼ 227 preimplementation, n¼ 170 at 5–6 weeks after
EHR implementation, and n¼ 251 at 6 months after EHR
implementation). The baseline characteristics of observed
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patients were similar across the three study phases
(►Table 1). Among the four ophthalmologists whose clinics
were observed across all the three study phases, the mean
(standard deviation, SD) age was 43.5 (8.1) years. The distri-
bution of ophthalmologists by subspecialty division was one
(25%) comprehensive, one (25%) glaucoma, and two (50%)
oculoplastics. Two (50%) were full professors, one (25%) was
an associate professor, and one (25%) was an assistant
professor. All had prior experience using the enterprise
EHR for inpatient consultations and in the ambulatory
surgical suite, which had implemented the EHR 4 years prior.

Outcome Measures: Timing Metrics

Timing Outcomes Based on Time–Motion Observations
Distributions of timing outcomes based on manual time–
motion observations are illustrated in ►Fig. 1, while
►Table 2 details key timing outcomes across all study phases
based on manual time–motion observations. The time spent
exclusively talking with patients initially decreased from 2.9

(2.4) minutes on paper charts to 2.3 (2.2) minutes early
postimplementation (p¼ 0.005). This corresponded to a
decrease in the proportion of the total encounter devoted
to talking with the patient from 40.8 to 25.8% (►Fig. 2).
However, time spent talking with the patient subsequently
increased to 2.8 (2.3) minutes (34.1%) at 6 months post-
implementation (p¼ 0.005, when comparedwith early post-
implementation; ►Fig. 2). After 6 months of EHR use, the
time spent on exclusive face-to-face communication with
patients was not significantly different when comparedwith
paper charts (p¼ 0.99).

The mean (SD) documentation time increased from 2.1
(1.3) minutes on paper to 4.1 (2.1) minutes early postim-
plementation (p< 0.001). However, by 6 months postimple-
mentation, the mean (SD) documentation time decreased to
3.3 (2.0) minutes, which was significantly less than the
documentation time early postimplementation (p< 0.001)
but still significantly more than the paper baseline
(p< 0.001). Similarly, the proportion of the total encounter
devoted to documentation increased from 29.6% on paper

Table 1 Characteristics of patients whose outpatient encounters with attending ophthalmologists were observed 2 to 3 weeks
prior to electronic health record (EHR) implementation (“preimplementation”), 5 to 6 weeks after EHR implementation (“early
postimplementation”), and 6 months after EHR implementation (“6 months postimplementation”)

Preimplementation
(n¼ 227)

Early postimplementationa

(n¼ 170)
6 months postimplementation
(n¼ 251)

Age

Mean (SD) 63.2 (18.8) 63.5 (17.6) 59.2 (20.0)

Gender

Female 136 (59.9%) 97 (57.1%) 153 (61.0%)

Male 91 (40.1%) 70 (41.2%) 98 (39.0%)

Ethnicity

White or Caucasian 139 (61.2%) 97 (57.1%) 146 (58.2%)

Black or African American 8 (3.5%) 7 (4.1%) 10 (4.0%)

Asian 40 (17.6%) 27 (15.9%) 42 (16.7%)

Latino or Hispanic 30 (13.2%) 20 (11.8%) 44 (17.5%)

Other 10 (4.4%) 16 (9.4%) 9 (3.6%)

Language

English 206 (90.7%) 150 (88.2%) 221 (88.0%)

Spanish 9 (4.0%) 7 (4.1%) 20 (8.0%)

Other 12 (5.3%) 10 (5.9%) 10 (4.0%)

Visit type

New patient evaluation 62 (27.3%) 42 (24.7%) 61 (24.3%)

Routine follow-up 96 (42.3%) 96 (56.5%) 143 (57.0%)

Postoperative (within 90 days) 69 (30.4%) 29 (17.1%) 47 (18.7%)

Subspecialty division

Comprehensive 62 (27.3%) 36 (21.2%) 69 (27.5%)

Glaucoma 50 (22.0%) 55 (32.4%) 43 (17.1%)

Oculoplastics 115 (50.7%) 79 (46.5%) 139 (55.4%)

Note: Different patients were examined across the phases.
aNumbers and percentages do not add up to 100% due to three patients with missing demographic data in the early postimplementation phase.
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charts to 46.1% in the early postimplementation phase, then
decreased to 40.2% by 6 months after EHR implementation
(►Fig. 2). Time spent examining patients was stable across
all phases of the study (p¼ 0.09).

Timing Outcomes Based on the EHR Efficiency Portal
Based on EHR usage metrics provided by the vendor’s
efficiency platform, observed ophthalmologists spent less
time in orders, notes, and clinical review per appointment
compared with the average values of ophthalmologists
nationwide using the same EHR at 6 months postimplemen-
tation (►Table 3). Moreover, ophthalmologists in this study
who had undergone the aforementioned intervention strat-
egies spent less time outside scheduled hours, less time on
unscheduled days, and less time outside 7 a.m. to 7 p.m.
compared with national averages (►Table 3).

Process Measures: Clinical Volume and Adoption of
Intervention Strategies

Clinical Volume
The mean (SD) number of patient encounters per half-day
clinic for the observed ophthalmologists was 30.9 (4.6) during
preimplementation, 29.4 (2.0) during early postimplementa-
tion, and 28.7 (3.4) at 6 months postimplementation. EHR
implementation was not associated with any significant
changes in clinical volume (p¼ 0.37).

Single Sign-On Functionality
SSO capabilities were successfully installed on all desktop
workstations in the ophthalmology department before
implementation. All ophthalmologists observed used SSO;
none typed in their log-in credentials after SSO became active.

Fig. 1 Distributions of timing outcomes for outpatient ophthalmology encounters 2 to 3 weeks before electronic health record (EHR)
implementation (“preimplementation,” n¼ 227), 5 to 6 weeks after EHR implementation (“early postimplementation,” n¼ 170), and 6 months
after EHR implementation (“6 months postimplementation,” n¼ 251). Probability densities of the data are depicted with overlying boxplots
delineated by medians and interquartile ranges for total time per patient (A), documentation time per patient (B), examination time per patient
(C), and talking time per patient (D).

Table 2 Timing outcomes for 648 patients whose encounters with attending ophthalmologists were observed 2 to 3 weeks before
electronic health record (EHR) implementation (“preimplementation”), 5 to 6 weeks after EHR implementation (“early
postimplementation”), and 6 months after EHR implementation (“6 months postimplementation”)a

Preimplementation
(n¼ 227)

Early postimplementation
(n¼ 170)

6 months postimplementation
(n¼ 251)

Total time per patient 7.1 (3.9) 8.9 (4.7) 8.2 (4.6)

Documentation time per patient 2.1 (1.3) 4.1 (2.1) 3.3 (2.0)

Examination time per patient 1.2 (0.8) 1.0 (0.8) 1.2 (1.1)

Talking time per patient 2.9 (2.4) 2.3 (2.2) 2.8 (2.3)

aValues are reported as mean (standard deviation) time in minutes.
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Fig. 2 Mean proportion of time spent by ophthalmologists on various clinical activities during outpatient encounters on paper charts
(“preimplementation,” n¼ 227), 5 to 6 weeks after electronic health record (EHR) implementation (“early postimplementation,” n¼ 170), and
6 months after EHR implementation (“6 months postimplementation,” n¼ 251). The proportion of the encounter devoted to documenting
initially increased in the early postimplementation period and subsequently decreased by 6 months after EHR implementation. In contrast, the
proportion of the encounter devoted to exclusively talking with the patient initially decreased after EHR implementation but increased by
6 months of EHR use. The proportion of time spent on examining patients and other activities (which included activities such as performing
procedures or teaching residents and fellows) remained approximately the same regardless of clinical documentation method.

Table 3 Efficiency metrics and adoption of various EHR features

Metric Metric definition Observed
ophthalmologists

National
average

Time in orders per
appointment (min)

Time spent in orders per scheduled appointment 1.1 1.2

Time in notes per
appointment (min)

Time spent in notes per scheduled appointment 1.4 2.1

Time in clinical review
per appointment (min)

Time spent in clinical review activities per scheduled appointment. 0.6 0.7

Orders with team
contributions (%)

Percentage of orders signed that were pended by another provider 52% 40%

Orders with unchanged
defaults (%)

Percentage of orders placed from a preference list withoutmodification 68% 66%

User-level preference
list entries

Number of user-level preference list entries created 54 24

Copy/paste Percentage of notes composed by the provider and other contributors
using copy/paste functionality

15% 31%

SmartPhrases created Number of SmartPhrases (note composition templates) created by
provider

78 67

Time outside scheduled
hours (min)

Number of minutes spent in the system outside of scheduled hours
based on EHR appointment data with a 30-minute buffer before the first
appointment and after the last appointment

17 27

Time on unscheduled
days (min)

Average number of minutes spent in the system on days with no
scheduled patients

12 22

Time outside 7 to 7 Average number ofminutes spent in the system outside of 7 a.m. to 7 p.
m.

13 16

Visits closed same day Percentage of visits closed on the same day as the scheduled
appointment

95% 71%

Documentation length Average number of characters documented in all notes 991 1,200

Progress note length Average number of characters documented in progress notes 929 1,400

Note: Average values for observed ophthalmologists undergoing targeted intervention strategies during EHR implementation in September 2018
compared with ophthalmologists nationwide using the same EHR vendor, all measured in April 2019.
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Ophthalmologists initiated face-to-face communication with
patientswhile tapping their badge to theproximitycard reader,
which automatically logged into the workstation and opened
the EHR to that patient’s chart. This eliminated the need to first
face the computer to type in log-in credentials on the desktop,
click the EHR shortcut icon, type in EHR log-in credentials, load
the clinic schedule, and click to open the patient’s chart. With
SSO, log-inproceeded in thebackground, enablingophthalmol-
ogists to direct attention to the patient first when entering the
room.

Use of EHR in Mobile and Tablet Applications
Of the four observed ophthalmologists, two (50%) activated
functionality toenterorders, reviewallergies andmedications,
take clinical photographs, and select patient pharmacies from
the mobile app. This allowed simultaneous EHR documenta-
tion on two different devices and improved efficiency. For
example, ophthalmic technicians often assisted in taking
clinical photographs of the patient using the tablet-based
EHR appwhile the ophthalmologist documented the progress
note. Thesepicturesweredirectlydeposited intotheEHRusing
the tablet’s camera and the EHR app. Previously, ophthalmic
technicians took photographs using separate digital cameras,
which then had to be separately uploaded into the EHR and
required a substantial amount of time and effort outside of
clinic.

Adoption of Various EHR Features Based on the EHR
Efficiency Portal
Over half (52%) of orders signed byobserved ophthalmologists
had team contributions, compared with 40% nationally
(►Table 3). The ophthalmologists in this study had more
customized order lists (user-level preference list entries) com-

pared with national averages. Nearly all (95%) visits were
closed the same day as scheduled appointments.

Documentation Burden Based on the EHR Efficiency
Portal
Novel workflows were developed to facilitate problem-based
charting in an effort to reduce note length. In response to
training about theseworkflows and various methods to facili-
tate rapid and succinct note creation, the average note length
of the observed ophthalmologists was several hundred char-
acters shorter than that of national averages when examining
all notes (991vs. 1,200) andprogress notes specifically (929vs.
1,400; ►Table 3) at 6 months postimplementation based on
the EHRusagemetrics provided by the vendor. In addition, the
observed ophthalmologists had a higher average number of
personalized SmartPhrase note composition templates (78 vs.
67). About 15% of notes were composed with copy/paste,
compared with 31% nationally.

Balancing Measures: Patient Satisfaction
In total, 374 patients responded to Press Ganey surveys
assessing patient satisfaction during the study period. In
October 2018, the month immediately following EHR imple-
mentation, patient satisfaction scores were slightly decreased
comparedwith thepaper baseline (►Fig. 3). For the remainder
of the study period, an upward trend in patient satisfaction
scoreswasobserved,witha20% increase inpatient satisfaction
by 6 months postimplementation (►Fig. 3).

Discussion

Although EHRs can be leveraged for care coordination, popula-
tion health surveillance, clinical research, and other beneficial

Fig. 3 Patient satisfaction scores for ophthalmologists before and after electronic health record implementation in September 2018. Values are
presented relative to the baseline patient satisfaction value while documenting on paper charts.
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applications, their use has also presented challenges. Physician
burnout has been attributed at least in part to decreasing face-
to-face communication in the EHR era. Here, we deployed a
range ofQI interventions during the implementation of anEHR
in the outpatient ophthalmology setting to mitigate some of
these unintended consequences. Our key findings were: (1)
time spent exclusively talking face-to-face with patients
returned to levels equivalent to paper charts; (2) increased
documentation time associated with EHRs was less than
previously reported; and (3) ophthalmologists adopted EHR
personalization features and engaged in team-based orders
with appropriate training and workflow development.

One of the primary concerns about widespread EHR use is
its potential adverse effect on the physician–patient interac-
tion.12–14 The computer has been described as the “third
wheel” in this interaction.12 We recorded the ophthalmolo-
gists as “talking with the patient” only when talking was the
sole activity. Although time spent exclusively talking with the
patient decreased significantly in the early postimplementa-
tion period, by 6 months after implementation it returned to
levels equivalent to paper charts. Given that talking was only
recorded if no other activity was occurring simultaneously,
these results show that ophthalmologists can engage in dedi-
cated face-to-face communication at levels comparable to
paper charts after a relatively short period of adaptation.
Notably, patient satisfaction scores also demonstrated an
upward trend throughout the study period, which further
supports the finding that the observed ophthalmologists
were able to maintain positive interactions with patients
even while adapting to an electronic documentation system.
Desktop computer use is associated with inherent changes in
bodyposition, eye contact, and communicationpatterns,13but
expansion of EHRs into mobile- and tablet-based applications
may lessen some of these changes (i.e., in body position).
However, ophthalmologists in our study did not routinely
use mobile- and tablet-based EHR applications, perhaps
becausetheseformatsstill offer less functionality thandesktop
versions. Designing more functionality into flexible EHR for-
mats represents an area for future growth.

In this study, the mean total time to complete each
encounter was 1.1minutes longer with EHR use at 6 months
postimplementation. Although this difference was statisti-
cally significant, it is strikingly shorter than that reported by
Chiang et al at another academic ophthalmology depart-
ment, where EHR took 6.8 minutes longer per encounter
than paper based on observations from two ophthalmolo-
gists.34 Thus, the difference in total encounter time between
paper charts and EHR use may be less pronounced than
previously thought. Thiswas not simply reflecting changes in
clinical volume, since there were no significant changes in
clinical volume for the observed ophthalmologists when
comparing study phases before and after EHR implementa-
tion. The total time increase here was also less than a
previously reported EHR-to-EHR transition at an academic
glaucoma practice encompassing 131 patient encounters, in
which the average time spent by patients with their physi-
cian in clinic increased from 11minutes before to 14minutes
6 months after the EHR transition, which was statistically

significant.35 Based on comparisons with these prior studies
in the ophthalmology literature, the QI strategies we used
may have lessened the anticipated impact of the paper-to-
EHR transition. Moreover, the strategies described in this
study are all applicable to existing EHR users and therefore
could potentially be used for EHR-to-EHR transitions as well.

Using data from the EHR efficiency portal at 6 months
postimplementation, the QI strategies employed here were
associated with shorter EHR use time, documentation effi-
ciency, adoption of existing personalization features within
the EHR, and implementation of team-based orders, as the
observed ophthalmologists outperformed national averages
on a range ofmetrics in these domains. Notably, the observed
ophthalmologists did not appear to achieve face-to-face
communication during the encounter simply by deferring
note-writing and documentation completion to after-hours
or subsequent days. Their after-hoursworkloadmetricswere
well below national averages, and 95% of visits were closed
the same day as the appointment. This corresponded with
direct observations. In addition, these ophthalmologists
were not achieving documentation efficiency by simply
copying and pasting notes either. Their usage of that feature
(15%) was less than half of the national average (31%).

The outcomes from both themanual time–motion observa-
tions and the EHR efficiency portal support the notion that
optimization strategies can achieve success without major
redesign of the EHR interface or employing scribes. Patient-
centeredness was promoted by streamlining workflow pro-
cesses (such as sign-on procedures, team-based orders, and
problem-based charting) and leveragingexistingEHRfunction-
alities. A key factor was a high level of institutional investment,
the importanceofwhichwashighlighted inasurveyof>72,000
physicians across 150 provider organizations,wherein approx-
imately 70% of the variance in physician satisfactionwith EHRs
was explained by initial training, trust in IT (or organizational
culture), and the level of EHR personalization.46

Strengths of this study included the large number of
observedpatient encounters, inclusion ofmultiple subspecial-
ties, and multiple follow-up periods. Timing outcomes were
examined in detail during almost 650 encounters across the
duration of the study, exceeding prior time–motion studies in
ophthalmology related to EHR implementations and transi-
tions.34,35 Generalizability was improved by including multi-
ple ophthalmic subspecialties. Having multiple time points of
observation characterized the evolution of time requirements
rather than depicting a single snapshot.

Limitations included not being able to assess the effects of
individual intervention strategies separately and the possible
limited generalizability to settings besides academic medical
centers, which may have more resources for QI efforts com-
pared with smaller community-based practices, as well as
possible limited generalizability to other specialties or oph-
thalmic subspecialties that were not included in the study
population.Notall ophthalmologists in thedepartment imple-
mented the EHR during the study period. This presented a
limitation in that not all ophthalmic subspecialties could be
studied. In addition, those who transitioned to EHR may have
been more avid users of technology with “early adopter”
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mindsets. Thus, this may represent a “best-case scenario” in
terms of physician selection. Understanding how training or
other QI strategies might be tailored to late adopters, or
those who may be relatively more resistant to changes in
the EHR, represents another area of future study. Moreover,
future studies to investigate the efficacy of these strategies
among existing EHR users, other specialties, and/or geo-
graphically disparate clinics could help assess the gener-
alizability of these interventions. Finally, our study focused
on time spent on documentation and other clinical activi-
ties, but we did not examine the quality of the documenta-
tion itself.

Conclusion

In conclusion, QI strategies can promote face-to-face commu-
nication with patients while using EHRs, even to levels on par
with paper charts, without requiring redesigning the EHR
interface itself, the assistance of scribes, or deferral of docu-
mentation work to after-hours. While EHR use did require
more documentation time, the increase was less pronounced
than previously reported. Therewere no significant decreases
in clinical volume, and patient satisfaction increased after EHR
implementation. Moreover, these strategies are widely appli-
cable to current EHRusers and are not limited to paper-to-EHR
transitions. Because the EHR serves as the primarymedium of
delivery for health IT innovations, studying and optimizing
EHR use will become increasingly important in the years to
come.

Clinical Relevance Statement

Informatics-enabled interventions such as developing SSO
capabilities, activating mobile- and tablet-based applications,
training on EHR personalization features, creating workflows
to facilitate team-based orders, and utilizing problem-based
documentation can help decrease documentation burden
while using EHRs. We demonstrated that these strategies
helped maintain time spent on face-to-face communication
to levels equivalent to paper charting in a multispecialty
ophthalmology clinic. Investments in ongoing training and
workflow development are crucial for promoting efficiency of
EHR use, particularly in high-volume settings.

Multiple Choice Questions

1. The time spent on physical examination of patients is
__________ with EHR use compared with paper charts.
a. Longer.
b. Shorter.
c. About the same.

Correct Answer: The correct answer is option c. Multiple
studies have demonstrated that the time spent on physical
examination of patients is about the same, regardless of the
documentationmethod.However, timespentondocumen-
tation can be variable—while EHR usewas initially thought
to increase efficiency, several studies have shown that EHR

use is more commonly associated with an increased
amount of time spent on clinical documentation. Similarly,
time spent on face-to-face communication is commonly
perceived to decrease as more attention is directed to
screens. However, informatics-enabled strategies can be
undertaken to promote face-to-face communication.

2. Which of the following factors contributes the most to
physician satisfaction with EHRs?
a. Prior background in computer science.
b. Level of EHR personalization.
c. Salary.

Correct Answer: The correct answer is option b. A large
multi-institutional survey found that 70% of the variance
in physician satisfaction with EHRs was explained by
initial training, trust in IT (or organizational culture),
and the level of EHR personalization. Strategies to pro-
mote EHR personalization were used in this study to
decrease documentation burden and facilitate efficiency
of EHR use.
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