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Abstract

Obijective: To analyze how physician clinical note length and composition relate to
electronic health record (EHR)-based measures of burden and efficiency that have
been tied to burnout.

Data Sources and Study Setting: Secondary EHR use metadata capturing physician-
level measures from 203,728 US-based ambulatory physicians using the Epic Systems
EHR between September 2020 and May 2021.

Study Design: In this cross-sectional study, we analyzed physician clinical note length
and note composition (e.g., content from manual or templated text). Our primary out-
comes were three time-based measures of EHR burden (time writing EHR notes, time
in the EHR after-hours, and EHR time on unscheduled days), and one measure of effi-
ciency (percent of visits closed in the same day). We used multivariate regression to
estimate the relationship between our outcomes and note length and composition.
Data Extraction: Physician-week measures of EHR usage were extracted from Epic's
Signal platform used for measuring provider EHR efficiency. We calculated physician-
level averages for our measures of interest and assigned physicians to overall note length
deciles and note composition deciles from six sources, including templated text, manual
text, and copy/paste text.

Principal Findings: Physicians in the top decile of note length demonstrated
greater burden and lower efficiency than the median physician, spending 39%
more time in the EHR after hours (p < 0.001) and closing 5.6 percentage points
fewer visits on the same day (p < 0.001). Copy/paste demonstrated a similar
dose/response relationship, with top-decile copy/paste users closing 6.8 percent-
age points fewer visits on the same day (p < 0.001) and spending more time in the
EHR after hours and on days off (both p < 0.001). Templated text (e.g., Epic's
SmartTools) demonstrated a non-linear relationship with burden and efficiency,
with very low and very high levels of use associated with increased EHR burden
and decreased efficiency.

Conclusions: “Efficiency tools” like copy/paste and templated text meant to reduce

documentation burden and increase provider efficiency may have limited efficacy.
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1 | INTRODUCTION
Following the passage of the HITECH Act of 2009, acute care deliv-
ery organizations have rapidly adopted electronic health records
(EHRs) in response to federal incentives.? While EHRs have promised
significant improvements to care quality and reductions in costs,
broad adoption of EHRs in ambulatory care has led to increased cleri-
cal burden and detrimental effects for the clinician experience.® Stud-
ies estimate that between 50% and 80% of physicians experience
symptoms of burnout, and time spent working in the EHR is often
cited as a driver of this phenomenon.*~® While the causes of burnout
are numerous and complex, there is strong evidence that greater EHR
burden has been associated with a higher risk of emotional exhaus-
tion” and perceptions of clerical burden.®? On average, physicians
spend nearly a third of their EHR time on documentation and writing
notes, with questionable clinical value given concerns over “note bloat”
and burdensome administrative requirements contributing to the docu-
mentation work known as “desktop medicine.”*°~*2 The prevalence of
this onerous clerical work—combined with its dubious clinical value—
has led to broad policy changes, such as those championed by the
American Medical Association (AMA) and Centers for Medicare and
Medicaid Services (CMS) to common evaluation and management
(E/M) billing codes for the explicit purpose of reducing documenta-
tion requirements for billing, to alleviate some of this clerical burden
and improve physician efficiency by striking at one of the root
causes of clinician burnout.*®**> Reducing EHR documentation
burden at the organizational level has been a focus of several health
systems through a variety of interventions, such as outsourcing work
to virtual scribes or implementing one-on-one training sessions with
clinicians.1¢"21

Despite this focus on reducing documentation burden from
both policy makers and health system leaders, little is known about
the relationship between EHR documentation and physician effi-

ciency and productivity. While the 2021 coding changes reduced

What this study adds
e Our study offers the first and largest-scale national analysis of how physician note composi-

What is known on this topic

e Electronic health record (EHR)-derived burden is a major driver of physician burnout, espe-
cially burden associated with clinical documentation.

e Time in the EHR after hours, EHR use on off days, and same day visit closure rates have all
been correlated to physician burnout.

e Efforts to reduce burnout (e.g., the 2021 Evaluation and Management billing guideline
changes) have focused in part on reducing documentation requirements and changing clinical

tion relates to measures of physician burden and efficiency that have been tied to burnout.

e Physicians that write the longest notes use the EHR more during off hours and on days off,
and close fewer visits in the same day (i.e., experience more burden and less efficient).

o High use of the tools intended to improve documentation efficiency like templated text and

copy/paste do not correlate with decreased burden or improved efficiency.

documentation required to justify E/M billing codes, early evidence
suggests it did not immediately result in a reduction in EHR note
length, despite this policy's broad reach across payers and billing
codes used in more than half of outpatient visits.?2 Furthermore,
the 2021 E/M policy specifically targeted note length by reducing
what a note must contain, but note length and note composition
(i.e., how notes are written) may be related to physician burden and
efficiency in distinct ways. For example, note length may impact
efficiency in that certain care management workflows in primary
care or inclusion of specific content by specialists may simply
necessitate longer notes that lead to more EHR documentation
time and lower physician efficiency while also worsening quality by
making it harder to find key information. However, note composi-
tion may exert a different influence; for example, automated tools
that assist in documentation may speed the process for specialists
and improve these physicians' efficiency, but may be less effective for
primary care physicians that see a more diverse array of clinical cases,
rendering templates less universally applicable. Moreover, note compo-
sition style is likely upstream of note length, with long notes resulting
from certain practices like extensive copy/paste or use of bloated text
templates. It may also be the case that some physicians are more facile
at using the EHR and make better use of automated tools demonstrate
greater efficiency, independent of note length.2® Additionally, some
clinicians may be simply less aware or less well-versed in the use of
these automated documentation tools, and document in less efficient
ways. Affecting both, many EHRs lack good search tools to identify
relevant note templates. Finally, these relationships may be non-linear;
it may be that some amount of templated text improves efficiency, but
overreliance on automated tools reduces flexibility and results in
bloated notes that slow down clinicians and reduce overall efficiency.
Lacking empirical evidence of these relationships, however, policy
makers and health system leaders are largely flying blind with respect
to the highest-impact levers to pull to reduce documentation burden

and improve physician efficiency.
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Several studies have analyzed dimensions of EHR use and
burnout,?* and have reliably shown that more time in the EHR—
especially time spent in the domains of inbox management and
after-hours time—is positively associated with burnout.®”:2>:2%
Burnt out physicians are also less efficient in terms of same-day
visit closure rates.?® Despite this evidence, linking note length
and/or composition directly to burnout has been difficult, and thus
far the findings are mixed.>2?® In one study, note length was not
correlated with burnout, while copy/paste use counter-intuitively
appeared to be protective against burnout.® While most of the evi-
dence to-date has focused on time spent in the EHR as an anteced-
ent to burnout, it is important to recognize that total physician
time in the EHR is difficult to directly intervene on. Therefore, an
understanding of the mechanisms contributing to extended time in
the EHR for documentation and physician efficiency is critical for
identifying intervenable aspects of physician EHR use that have
the potential to reduce burnout.

To address this gap, we sought to characterize the relationship
between both note length and note composition and aspects of
physician EHR burden correlated with burnout in ambulatory care.
Using a unique national dataset, our study addresses three research
questions. First, how does overall note length relate to physician
EHR burden and efficiency? Second, how does note composition
(e.g., use of manual entry, copy/paste, and templated text) relates
to physician burden and efficiency? And finally, do these relation-
ships vary across specialties? Quantifying these relationships and
any specialty variation may inform cross-specialty learning and help
to disseminate documentation best practices, as well as highlight
specialties that may be under-served by existing EHR tools. More
broadly, a greater understanding of the mechanisms underlying the
factors correlated with physician burnout can help inform health
system and EHR vendor investment in documentation features and
tool usage to directly reduce burden, with second-order implica-
tions for physician burnout. Finally, these questions can shape CMS
and other payers' policies aiming to reduce physician burnout via

changes to how physicians document in the EHR.

2 | METHODS

2.1 | Datasource

Data for this study were derived from a national database of all outpa-
tient physicians who used Epic Systems' ambulatory EHR from
September 2020 through May 2021. All data came from weekly phy-
sician measures available through the Epic signal data warehouse??”
and were aggregated to physician-level averages for measures of
EHR time, note length, note composition, and visit closure rates for
203,728 physicians across 392 health systems. Measures represent
only time spent in the EHR for ambulatory care; inpatient EHR time is
not observed. This effectively represents Epic's entire US physician
user-base during this period. All physicians and organizations were

de-identified prior to receipt of the data, and the [University of

Pennsylvania] Institutional Review Board deemed this study exempt

as non-human subjects research.

2.2 | Measures: Note length and note composition

To measure note length, our primary independent variable was
average note length per note, measured in characters per note. This
measure is calculated by dividing total characters authored in notes by
the physician by the total number of notes the physician wrote. This
methodology is consistent with other studies using EHR audit log data
derived from Epic's Signal data extraction tool.**** We also computed
physician-level deciles of this measure for use in regression models,
described below.

To measure note composition, we identified the average
number of characters per note attributable to each of six documen-
tation methods identified in Signal: manual note entry; SmartTools
(templated text also known as “dot phrases”); NoteWriter
(templated text generated from a point-and-click graphical user
interface); copy and paste; transcription; and voice recognition.
For example, a 2000-character note might have 1000 characters
from SmartTools (e.g., templated text or semi-structured forms),
500 characters from manual entry (e.g., the physician entering
information by simply manually typing), and 500 characters from
copy and paste (e.g., content copied from other notes or result
reports). We binned physicians into deciles according to the full-
sample distribution of the amount of per note content from each

source for our regression analysis.

2.3 | Measures: Physician burden and efficiency

2.3.1 | EHR time and use on days off

We examined three outcome variables capturing measures that previ-
ous literature has found to be correlated with physician burnout: time
in notes per visit, time after hours per visit, and unscheduled days
with EHR use.

To measure time in the EHR, Epic calculates a measure of “active
time” in the EHR for each physician-week as the sum of time during
which the physician was actively engaged with the EHR system. Epic
measures active time across several domains of the EHR, including
in note-writing activities, clinical review of patient data, and inbox
management. Previous studies have explored in more detail the
precise methodology used to calculate this measure and how it
compares to other EHR vendors' methods.*?2728 Generally speaking,
Epic's measure can be interpreted as a lower-bound estimate of time
spent in the EHR. To account for differences in physician scheduling,
aggregate time in each domain (notes and after hours) was divided by
total visits, to arrive at measures of “active EHR time [in notes/after-
hours] per visit.” Off days were measured as the average number of
days per week during which the physician had no scheduled visits but

logged time in the EHR.
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FIGURE 1 Average physician burden and efficiency measures by overall note length decile. Source: Authors' analysis of outpatient EHR usage data
for 203,728 US-based physicians using the Epic EHR between September 2020 and May 2021. [Color figure can be viewed at wileyonlinelibrary.com]

2.3.2 | Physician efficiency

Our fourth outcome measure was visit closure efficiency, measured as
the percentage of a physician's visits that were closed on the same
day as the visit took place. We chose this measure following the logic
that a lower percentage of visits closed on the same day indicates
either physician inefficiency in EHR use, overly burdensome EHR
design that prevents efficient use, or some combination of these two
forces. As with all other measures, this was averaged at the physician

level over the study period for analyses.

2.3.3 | Physician and organization covariates

To facilitate comparisons across specialties, physicians included
in our analysis were grouped into primary care, medical specialties,
or surgical specialties consistent with previous work examining
specialty variation in EHR time.?? We excluded several specialties
such as anesthesiology that are not representative of general

outpatient practice.

We used several measures to account for physician case com-
plexity, which may influence both note length and physician burden.
These included average patient age, average number of weekly visits,
and five measures capturing the percent of weekly E/M visits billed to
new and established E/M levels one through five. Consistent with

prior work,'22?

and in order to preserve organizational anonymity, we
only observe structure (ambulatory-only; hospital and clinic facilities;

other) and US census region.

2.34 | Analysis

We first computed descriptive statistics across all measures for
the sample overall and stratified across the three specialty groups.
We then computed averages for all four outcome measures at each
note length decile and visualized these relationships.

For our first research question to analyze the relationship
between our outcomes of physician burden and overall note length,
we used multivariate ordinary least-squares regression models regres-

sing our four outcomes on a categorical variable capturing physician
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FIGURE 2 Relationship between overall note length and physician burden and efficiency measures. Each row displays findings from a single
multivariable ordinary least-squares regression model for each outcome adjusting for physician case load and case mix complexity, and
organizational factors. The fifth decile is used as the reference category to obtain estimates for physicians in each decile of note length. Each of
the four outcome panels represent some aspect of physician burden. Full regression results for all models can be found in Appendix Table 1.

[Color figure can be viewed at wileyonlinelibrary.com]

deciles of overall note length, with the fifth decile as the reference
category. For our second research question to analyze the relationship
between our outcomes and note composition, we used multivariate
ordinary least-squares regression models regressing our four
outcomes on six categorical variables, each capturing physician-
level deciles of note characters from each of the six sources of
note text: manual note entry; copy and paste; SmartTools; Note-
Writer; transcription; and voice recognition. For these independent
variables, the fifth decile was the reference group. For our final
research question examining differences across specialties, we
re-ran all regression models stratified by physician specialty group,
for a total of 24 stratified models. All models included covariates
to adjust for average patient age, visit volume, E/M visit mix,
organizational type, and US census region for the organization.

All models used two-way clustered errors at the physician and
organization levels, and we used an a value of 0.05 to gauge statisti-
cal significance. For all regression results, we present coefficient
plots showing the estimates and 95% confidence intervals for our

independent variable(s) of interest in each model. All analyses were
conducted in R version 3.6.0 using RStudio.®%3! The fixest package
was our primary analytical package.®? Data management was done

using the tidyverse suite of tools and the lubridate package.3%3#

3 | RESULTS

3.1 | Overall note length and burden

For all four outcomes of interest (EHR time in notes per visit, EHR time
after hours per visit, time in the EHR on unscheduled days, and percent
of visits closed on the same day), physicians in the top deciles of overall
note length demonstrated more burden (Figure 1). Physicians in the top
decile of overall note length spent more time in notes per visit than
physicians in the median (fifth) decile of note length (14.8 vs. 8.1 min
per visit). Similarly, top decile physicians spent more time in the EHR
per visit outside scheduled hours (7.3 vs. 4.0 min) and had more
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TABLE 1 Descriptive statistics of sample, overall, and stratified by specialty group
Overall Primary care Medical specialties Surgical specialties
# of physicians 203,728 66,968 80,267 56,493
Physician burden and efficiency measures
% of visits closed in the same day 72.1(29.7) 76.5 (26.5) 66.8 (32.2) 74.5 (28.5)
Time in notes per visit 9.1 (10.5) 9.3(9.4) 11.6 (11.7) .5(8.8)
Time outside scheduled hours per visit 4.6 (5.5) 4.8 (5.7) 5.7 (6.1) .6 (3.5)
Unscheduled days with any EHR use per week 2.3(1.0) 2.0(0.8) 2.3(1.0) .5(1.0)
Documentation length (characters per note) 4835.5 (3045.3) 4199.8 (2208.1) 6128.8 (3574.3) 3751.5 (2341.5)
Note composition (characters per note)
Copy/paste 749.5(1580.8) 245.8 (747.9) 1433.7 (2171.2) 374.6 (737.7)
SmartTools 1820.0 (1527.0) 1889.6 (1413.4) 2070.3 (1674.8) 1381.9 (1329.9)
Manual text 363.0(419.8) 330.3(347.8) 472.9 (514.7) 245.6 (288.7)
NoteWriter 208.8 (442.7) 350.6 (533.9) 158.5 (419.4) 112.3 (286.5)
Transcription 37.7 (335.1) 11.0(188.0) 54.0 (398.1) 46.2 (369.4)
Voice recognition/dictation 227.9 (455.8) 168.9 (371.0) 268.6 (520.7) 239.8 (440.8)
Average patient age 48.6 (19.0) 441 (21.3) 51.4(18.8) 50.1 (15.2)
Total weekly visits 35.2 (26.3) 44.8 (27.4) 27.3(23.1) 34.9 (25.5)
% of E/M visits billed to Level 1 .7 (4.5 0.4 (2.7) 0.7 (4.5) 1.2 (6.0)
% of E/M visits billed to Level 2 4(8.0) 2.7 (6.3) 2.2 (6.6) 5.9 (10.5)
% of E/M visits billed to Level 3 20.7 (18.8) 24.1(17.3) 15.4 (17.9) 24.1(19.8)
% of E/M visits billed to Level 4 27.7 (22.7) 29.3(20.3) 34.3(24.7) 16.6 (17.8)
% of E/M visits billed to Level 5 7(14.8) 3.6(%9.1) 13.8(18.9) 3.9 (10.0)
US census region (n, %)
Midwest 57,965 (28) 19,182 (29) 22,399 (28) 16,384 (29)
Northeast 45,318 (22) 13,386 (20) 20,210 (25) 11,722 (21)
South 50,136 (25) 15,707 (23) 19,785 (25) 14,644 (26)
West 50,309 (25) 18,693 (28) 17,873 (22) 13,743 (24)
Organizational type (n, %)
Ambulatory-only 14,492 (7) 7043 (11) 4067 (5) 3382 (6)
Hospital and clinic facilities 179,459 (88) 56,083 (84) 72,893 (91) 50,483 (89)
Other 9777 (5) 3842 (6) 3307 (4) 2628 (5)

Note: All values are mean (SD) unless noted otherwise.

Abbreviations: EHR, electronic health record; E/M, evaluation and management.

unscheduled days per week with any EHR use (2.5 vs. 2.2 days). These
physicians also demonstrated lower efficiency, closing only 64.5% of
visits on the same day, in comparison to 73.5% of visits closed in the
same day by median note length physicians.

These dose-response relationships held in our regression
analyses adjusting for physician visit volume, case complexity, and
organizational factors, with the top decile of note length reliably asso-
ciated with greater burden measures (Figure 2). Compared to median
note length physicians, being in the top decile of overall note length
was associated with 4.2 more minutes per visit spent on notes
(B =4.22;95% CI: 3.71-4.74; p < 0.001), representing 46% more time
in notes than the sample average of 9.1 min per visit (Table 1). These
physicians also spent 1.8 more minutes per visit in the EHR outside
scheduled hours (B = 1.84; 95% Cl: 1.64-2.03; p < 0.001), 39% longer
than the average physician. Top decile physicians also had 0.16 more

unscheduled days per week with any EHR use in comparison to
0.16; 95% Cl: 0.12-0.19; p < 0.001) and
closed 5.6 percentage points fewer visits on the same day as the visit
(B = —5.63; 95% Cl: —6.86 to —4.40; p < 0.001). These represent

increases of 6.9% and 7.8% compared to the average physician,

median physicians (B =

respectively. Full results of our note length decile regressions for all

four outcomes can be found in Appendix Table 1.

3.2 | Note composition and burden

3.21 | Timeinthe EHR

For our analysis using note composition tools as our independent vari-

ables of interest, we focus on reporting results on the relationships
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FIGURE 3 Relationship between note composition tool use and physician burden and efficiency. Each row displays findings from a single
multivariable ordinary least-squares regression model adjusting for additional deciles of note source (transcription, voice recognition, and
NoteWriter), physician case load (average visits per week) and case mix complexity, and organizational factors. For each note text source, the fifth
decile is used as the reference category to obtain estimates for physicians in each decile of note content from each of the three featured text
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for panel (C) is days per week; unit for Panel (D) is percentage points. Full regression results for all models can be found in Appendix Table 2.

[Color figure can be viewed at wileyonlinelibrary.com]

between our four outcomes and (1) copy/paste text, (2) manual text,
and (3) text from SmartTools, as these three sources account for more
than two-thirds of note text, on average. Physician time in notes
increased with increased note text from both copy/paste text and
manual text but was not higher for physicians with the most note text
from SmartTools (Figure 3). Most dramatically, physicians in the top
decile of manual text per note spent 10.9 more minutes in notes per
visit than physicians with median use of manual note text (B = 10.89;
95% Cl: 10.45-11.34; p <0.001; a 147.0% relative increase).

Conversely, physicians in the top decile of SmartTools text spent 0.53
fewer minutes in notes than median SmartTools users (B = —0.5329;
95% Cl: —0.8421 to —0.2236; p < 0.001; a 5.6% relative decrease).
Similar patterns were present for time in the EHR outside of
scheduled hours, although the magnitudes of these estimates were
smaller. Top-decile manual text physicians spent, on average, 4.9 more
minutes in the EHR outside of scheduled hours per visit than median
manual text users (B = 4.92; 95% Cl: 4.70-5.15; p < 0.001). As with
time in notes, physicians in the top decile of SmartTools use illustrated
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TABLE 2
regression models

Unscheduled days with any EHR use

Relationship between note composition tool use and physician burden and efficiency, selected results from specialty-stratified

Overall Primary care
B [95% Cl] B [95% ClI]
Copy/paste text
Decile 1 —0.07 [-0.09, —0.04]*** —0.03 [-0.06, 0]
Decile 5 (ref)
Decile 10 0.06 [0.02, 0.09]*** 0.14 [0.07, 0.22]***
Manual text
Decile 1 —0.02 [-0.05, 0.01] —0.06 [-0.1, —0.02]**
Decile 5 (ref)
Decile 10 0.08 [0.04, 0.12]*** 0.19 [0.14, 0.25]***

SmartTools text

Medical specialties
B [95% ClI]

Surgical specialties
B [95% Cl]

—0.07 [-0.13, —0.02]* —0.12 [-0.16, —0.07]***
0.07 [0.03, 0.11]*** —0.04 [-0.1, 0.02]
—0.04 [-0.09, 0] —0.02 [-0.06, 0.02]

—0.03 [-0.09, 0.03] 0.15 [0.08, 0.23]***

Decile 1 —0.01 [-0.04, 0.02] —0.01 [-0.05, 0.03] —0.04 [-0.08, O] 0.04 [-0.01, 0.08]
Decile 5 (ref)
Decile 10 —0.02 [-0.06, 0.01] —0.03 [-0.07, 0.01] —0.03 [-0.07, 0.02] —0.02 [-0.08, 0.03]
% of visits closed same day
Overall Primary care Medical specialties Surgical specialties
Copy/paste text
Decile 1 —0.15[-1.08, 0.78] 3.03 [1.84, 4.21]*** —4.49 [-6.08, —2.91]*** —1.52[-2.94, —0.11]*
Decile 5 (ref)
Decile 10 —6.83[-7.94, —5.71]*** —7.1[-9.28, —4.92]*** —6.36 [-7.65, —5.08]*** —9.31[-11.37, —7.26]***
Manual text
Decile 1 —4.6 [-5.75, —3.46]*** —2.59 [-3.95, —1.24]*** —2.55[-4.29, -0.81]** —4.36 [-5.99, —2.73]***
Decile 5 (ref)
Decile 10 1.75[0.64, 2.87]** —1.7[-3.15, —0.24]* 6.23 [4.66, 7.79]*** —1.33[-2.98,0.32]

SmartTools text

Decile 1 —5.68 [-6.96, —4.41]*** —7.31[-10.38, —4.23]***
Decile 5 (ref)
Decile 10 —1.28 [-2.2, —0.36]** —0.85[-2.23,0.52]

—3.08 [-4.89, —1.27]*** —5.61[-7.38, —3.84]***

—0.93[-2.3,0.44] —2.43[-4.21, —-0.65]**

Note: Highlighted estimates reflect specialty deviations from overall estimates in either a normatively “better” (blue) or “worse” (red) direction. For
example, primary care providers in the top decile of manual text demonstrate the reverse relationship from the overall average in the share of visits closed
in the same day (1.7 pp fewer for PCPs vs. 1.8 pp more overall), so that estimate is highlighted in red.

*p < 0.05; **p < 0.01; ***p < 0.001.

slight time savings (B = —0.39 min per visit; 95% Cl: —0.531 to
—0.252; p < 0.001; an 8.3% relative savings), and high use of copy/
paste text was associated with greater time spent in the EHR outside
scheduled hours. Physicians using the most copy/paste text spent on
average 14.4% more time in the EHR outside scheduled hours than
median copy/paste users (B = 0.627 min per visit; 95% Cl: 0.442-
0.813; p < 0.001).

Finally, these patterns also held for the relationship between note
text sources and the number of unscheduled days per week during
which a physician had any EHR use. Relative to the median copy/
paste and manual text physicians, physicians in the top deciles
had 0.06 and 0.08 more unscheduled days with EHR use, respectively
(Beopy/paste = 0.056; 95% Cl: 0.025-0.088; p <0.001 and
Bimanual = 0.082; 95% Cl: 0.043-0.122; p < 0.001).

3.2.2 | Physician efficiency

High use of copy/paste text was associated with lower efficiency.
Physicians in the top decile of copy/paste closed, on average, 6.8
percentage points fewer visits on the same day compared to
median copy/paste physicians (B = —6.83; 95% Cl: —7.94 to
—5.71; p < 0.001; a 9.2% relative decrease). Conversely, physicians
in the top decile of manual text use closed 1.8 percentage points
more visits on the same day (B = 1.75; 95% Cl: 0.64-2.87;
p < 0.001; a 2.5% relative increase). SmartTools use did not demon-
strate a strong relationship with physician efficiency. Regression
estimates for deciles four through nine of SmartTools use were not
statistically different from zero; however, physicians at the

extremes of SmartTools use (i.e., in the bottom decile or top decile)
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had lower efficiency, with bottom-decile SmartTools users closing
on average 5.7 percentage points fewer visits than the median
SmartTools user (B = —5.68; 95% Cl: —6.96 to —4.41; p < 0.001),
and those with very high use of SmartTools (in the top decile) clos-
ing 1.3 percentage points fewer visits (B = —1.28; 95% Cl: —2.20
to —0.036; p = 0.006; a 1.7% relative decrease). Full results of our
note composition decile regressions for all four outcomes can be

found in Appendix Table 2.

3.3 | Variation across physician specialty groups
In stratified regressions, we found very little variation across physician
groups in the relationships described above. Specialties did not vary in
the relationships between overall note length and note composition
and our two outcomes of per visit time in notes and time outside of
scheduled hours. However, for the outcome of unscheduled days with
any EHR use, some specialty differences emerged. Specifically, the rela-
tionship between high rates of copy/paste and manual text and more
unscheduled days per week with EHR use is largely driven by primary
care physicians. In stratified models, the relationship between this out-
come and the top two deciles of copy/paste and manual text was
roughly double the magnitude for primary care physicians, compared to
the overall physician sample (Table 2). For example, we noted above
that in the full sample, relative to the median manual text physicians,
physicians in the top decile had 0.08 more unscheduled days with EHR
use; for primary care physicians this estimate was 0.19 more unsched-
uled days with EHR use (B = 0.19; 95% Cl: 0.14-0.25; p < 0.001).
There were also two notable specialty differences in our physician
efficiency results. First, relative to the median physician, the lowest
decile of copy/paste use had a positive relationship with physician effi-
ciency among primary care physicians (B = 3.03; 95% Cl: 1.84-4.21;
p <0.001) but a negative relationship among medical specialists
(B = —4.49; 95% Cl: —6.08 to —2.91; p < 0.001). In the overall sample,
this relationship was not statistically different from zero. Finally, medi-
cal specialists in the top decile of manual text use appear to be driving
the findings in the overall sample, with these physicians closing on aver-
age 6.2 percentage points more visits on the same day than median
medical specialists (B = 6.23; 95% Cl: 4.66-7.79; p < 0.001). To contex-
tualize this result, it is important to note that medical specialists had on
average the fewest visits per week (27.3 visits, Table 1), the longest
notes (6129 characters per note), and the most manual text (473 charac-

ters per note).

4 | DISCUSSION

Physicians who write longer notes tend to exhibit more EHR-related
burden, in the form of more time in the EHR after hours, on off days,
and fewer visits closed on the day of the visit. These three measures

are all associated with physician burnout,®7-242¢

suggesting that note
length and note bloat play a key mechanistic role in the burnout crisis

among US physicians. Note bloat has been attributed in part to billing

requirements and medico-legal pressures;*® however, recent evidence
illustrates that note length was unresponsive to relaxed documenta-
tion requirements in 202122 and is not correlated with aggregate
measures of physicians' malpractice environment.3> These findings
call into question the salience of these oft-cited factors and suggest
exploration of other socio-technical factors that may underpin bloated
notes and frustrate efforts to alleviate burden. For example, physi-

17.3637 which creates

cians often lament the low usability of EHRs,
burdensome information retrieval processes.>®3° While EHRs are
highly configurable by organizations*® and clinicians can personalize
their views to an extent, the clinical note offers a more-or-less
infinitely customizable space for physicians to place any information
important for their practice in an easily retrievable location. This
creates duplicative information, fails to leverage structured data, and
may lead to bloated notes that our findings suggest increase physician
burden rather than decrease it. As a result, efforts to improve
EHR information retrieval and align clinical information systems

4142 may help to reduce the

with clinician cognition and intuition
dependence on notes as a “catch-all,” thus reducing note bloat and
alleviating at least some aspect of burden.

Our analysis of note composition suggests that some tools offer
gains to efficiency and reduced burden, but some of these relationships
are at odds with one another and demonstrate trade-offs. Physicians
using low amounts of copy/paste and manual text spend less time in
the EHR, both in notes and outside clinic hours—this may be in part due
to these physicians writing shorter, less burdensome notes overall.
However, these two note composition tools demonstrate opposing rela-
tionships with efficiency: less use of copy/paste is correlated with
greater rates of same day visit closure while the opposite is true of man-
ual text. Unfortunately, greater use of manual text is associated with
both higher visit closure rates and more EHR time burden, implying that
higher visit closure rates may come at a steep time cost and contribute
to after-hours and off-day EHR use. Heavy reliance on copy/paste may
reduce EHR documentation time during scheduled hours, but create a
“pile-up” of work that reduces same-day visit closure efficiency. This
mechanism is given support by our findings that higher levels of copy/
paste are associated with increased time in the EHR outside of sched-
uled hours and EHR use during unscheduled days. Furthermore, strati-
fied analyses show that this time burden is largely borne by primary
care physicians, who may realize visit closure inefficiencies at high rates
of manual text use in comparison to medical specialists.

Templated text demonstrated a nonlinear relationship with all
four outcome measures, indicating that for efficiency in particular, use
of SmartTools or documentation macros does not improve efficiency
beyond the median level and may even hinder efficiency at very high
levels of use. Moreover, our estimates for the association between
SmartTools and outcomes were considerably smaller than for copy/
paste or manual text, illustrating that both EHR time burden and effi-
ciency are less closely tethered to templated text use relative to
copy/paste and manual text use. Importantly, contrary to their brand-
ing as “efficiency tools,” high use of copy/paste and templated text
may exacerbate documentation-based burden. Templated text espe-

cially confers only small benefits with rapidly diminishing returns.
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4.1 | Implications for policy and practice

Describing the relationships between different clinical documentation
tools and physician EHR burden and efficiency help develop hypothe-
ses regarding the mechanisms underpinning antecedents to burnout,
namely administrative burden and after-hours EHR use. In comparison
to these antecedents and burnout itself, note composition tools are
relatively easy to intervene on via organizational efforts to reduce
physician documentation burden. For example, while after-hours EHR
use may be an important endpoint, our findings suggest that identify-
ing physicians with high copy/paste use and tailoring documentation
optimization efforts to that group may be effective in reducing after-
hours EHR time. Additionally, our findings suggest initial gains but lim-
ited marginal returns to increased use of templated text, which may
help organizations prioritize efforts that focus on driving adoption of
SmartTools among non-users over efforts that seek to enhance
SmartTools use among physicians that already use these tools.

Our results support policy efforts by CMS and other payers to
limit documentation requirements to the information needed for clini-
cal decision making and inter-provider communication, given their
clear relationships with EHR burden and efficiency. The 2021 E/M
guideline changes implemented by CMS sought directly to reduce
administrative burden by reducing documentation requirements and
shortening bloated clinical notes, however this policy stopped short of
illustrating precisely how physicians might shorten notes while pre-
serving guideline concordance. This ambiguity may have played a role
in the tepid effect of the change on overall documentation length.?2
While it may be possible that the E/M guideline changes eventually
result in reducing documentation time, this slow diffusion further illus-
trates the “stickiness” of existing documentation practices and habits.
In future efforts, CMS and other payers may need to provide more pre-
scriptive guidance on how clinical documentation can be shortened in
order to overcome entrenched habits and workflows, as physicians are
likely to continue to over-document in the presence of ambiguity.*3
Collaborating with EHR vendors and professional societies to develop
and validate templates that can be easily implemented by health
systems and quickly adopted by physicians might help to accelerate
reductions in clinical note bloat and begin to ease this source of physi-
cian burden, a function federal policy makers could incentivize through
levers such as the ONC EHR Reporting Program.

Going forward, policy makers should also consider prioritizing
research efforts to identify additional salient pain points of EHR
usability that drive burden and burnout, to expand the levers available
to organizations seeking to reduce physician burden beyond those
focused on documentation, which constitutes only a fraction of clini-
cal practice.**=#¢ For example, prior authorization is widely cited as a
highly administratively onerous process, and all major EHRs have tools
to make prior authorization more streamlined. Yet little is known
about these systems, the degree to which they do in fact streamline
the process, the usability pain points, or how they can be best
designed to maximize efficiency. Future research should leverage ran-
domized trials within organizations as well as natural experiments and

evaluations of EHR burden reduction programs to more precisely

identify the proximate causes of the note bloat that leads to physician
EHR burden and ultimately burnout.*”48

42 | Limitations

Our study has several limitations. First, given the observational and
cross-sectional nature of our study design, we are unable to comment
on any causal relationship between note length, composition, and
our outcomes of interest. However, we observe clear dose-response
relationships that can help to inform organizational efforts to reduce
physician burden. While previous studies have suggested overall
note length has remained relatively consistent throughout the
study period,??%° future research should evaluate individual note
composition patterns longitudinally with a focus on sources of quasi-
experimental variation to better identify the impact of changes in
physician documentation practices on efficiency. Second, we do not
observe note content and thus cannot comment on aspects of note
quality, which may be related to use of copy/paste, SmartTools, and
manual text. Third, our measure of physician burden and efficiency
(share of visits closed in the same day) is a proxy, and may contain
variation related to physician preferences (e.g., a preference to close
out visits on the next day after follow-up calls can be made). Never-
theless, in aggregate and on average, this is a useful and normatively
interpretable measure of physician administrative burden and effi-
ciency, as all else equal, physicians would rather close out more visits
in the same day. Fourth, given that our data is de-identified, we
are unable to control for any organizational efforts to streamline
documentation, reduce after-hours EHR use, or alleviate administra-
tive burden. We are also unable to observe the modality (in-person
vs. virtual telemedicine) of encounters, and there may be important
differences in documentation patterns and relationships with effi-
ciency between in-person care and telemedicine visits that should
be explored in future research. Fifth, our data is drawn from ambula-
tory physicians using a single EHR vendor, Epic. However, Epic has
the largest ambulatory care market share,”® and is broadly imple-
mented across a range of practice settings, including safety net pro-
viders.>! Additionally, our sample includes conservatively more than
one-tenth of the entire US physician workforce, which to our knowl-
edge constitutes the largest single study of physician note composi-

tion to-date.

5 | CONCLUSION

We find a clear, linear relationship between physician note length and
measures of EHR burden and efficiency, illustrating that physicians
with the longest clinical notes reliably experience greater burden.
However, not all note text is created equal with respect to burden
and efficiency. Increasing use of copy/paste text reliably results in
greater burden, but manual text and templated text demonstrate
inverted and nonlinear relationships with efficiency, respectively. This

evidence can help inform organizational efforts to reduce burden
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via intervenable mechanisms like physician note composition styles,

but future research will be required to more precisely identify the

salient and causal features of EHR design that drive note bloat, bur-

den, and physician burnout. In turn, those features can be redesigned

to enable more effective clinical documentation that can improve

quality and reduce costs.
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