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Abstract

Purpose—To analyze and quantify the source of electronic health record (EHR) text 

documentation in ophthalmology progress notes.

Design—EHR documentation review and analysis.

Methods

Setting: A single academic ophthalmology department.

Study Population: A cohort study conducted between November 1, 2016 and December 31 2018 

using secondary EHR data, and a follow up manual review of a random sample. The cohort study 

included 123,274 progress notes documented by 42 attending providers; these notes were for 

patients with the 5 most common primary ICD 10 parent codes for each provider. For the manual 

review, 120 notes from 8 providers were randomly sampled.

Main Outcome Measures: Characters or number of words in each note categorized by attribution 

source, author type, and time of creation.

Results—Imported text entry made up the majority of text in new and return patients, 2978 

characters (77%) and 3612 characters (91%) respectively. Support staff members authored 

substantial portions of notes, 3,024 characters (68%) of new patient notes, 3,953 characters (83%) 

of return patient notes. Finally, providers completed large amounts of documentation after clinical 

visits 135 words (35%) of new patient notes, 102 words (27%) of return patient notes.

Conclusions—EHR documentation consists largely of imported text, is often authored by 

support staff, and is often written after the end of a visit. These findings raise questions about 
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documentation accuracy and utility, and may have implications for quality of care and patient-

provider relationships.

While electronic health records (EHRs) were designed to improve safety, quality, and 

efficiency, their implementation has posed significant challenges to documentation and care.
1–8 While EHRs clearly improve the legibility and accessibility of clinical information, 

evidence for the impact of EHRs on care quality, efficiency, and safety has been mixed with 

largely consistent findings that EHR use is associated with increased documentation time.
9–14 Within ophthalmology, studies have similarly shown that EHR adoption has been 

associated with either a decrease or no change in outpatient clinic volumes, but increased 

documentation time.5,15 As the majority of ophthalmology practices have adopted EHRs, 

providers now self-report that productivity and practice revenue have decreased while 

practice costs have increased.16

Much of the efficiency loss is due to the time burden of EHR documentation which may be a 

result of poor EHR usability and the increased complexity of clinical documentation 

introduced by regulation and quality metrics.17–19 We recently showed that ophthalmologists 

at our institution spend 3.7 total hours per clinic day using the EHR, 1.6 of which are after 

the clinic, and that, a decade after EHR adoption, ophthalmologists spend more time 

documenting per patient than they did when the EHR was first adopted.20,21 Other studies 

outside ophthalmology have similarly found that physicians spend at least as much time on 

desk and EHR work as they spend in face-to-face interactions with patients.22–25

To save time documenting in the EHR, clinicians use import technologies such as copy-

paste, copy-forward, and templated text with automated imports.26–29 While import 

technologies can improve documentation efficiency and standardization, their indiscriminate 

use can have negative consequences leading to inaccurate documentation, propagated errors, 

highly redundant text, and the inability to determine true authorship.26,28,30–32 The purpose 

of the progress note is to document important findings and clinical decision-making by the 

provider; however, the use of import technologies and multiple authors raises important 

concerns about whether documentation using EHRs is optimally supporting the practice of 

medicine.

While the use of import technologies within EHR notes has been established, the prevalence 

of import technology use within outpatient ophthalmology has not been addressed in current 

literature. The purpose of this study is to address this gap by measuring the amount of 

imported and copied text in progress notes, by author and by time of day, to characterize 

current EHR documentation habits within outpatient ophthalmology. Understanding this 

process is necessary to identify potential shortcomings and areas for improvement.

METHODS

This retrospective cohort study was approved by the Oregon Health & Science University 

(OHSU) institutional review board which granted a waiver of informed consent for analysis 

of coded EHR data, and adhered to the tenets of the Declaration of Helsinki.
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Description of Study Institution

OHSU is a large academic medical center in Portland, Oregon. Casey Eye Institute, OHSU’s 

ophthalmology department, includes over 50 faculty providers, who perform over 130,000 

annual outpatient examinations. The department provides primary eye care, includes all 

major ophthalmology subspecialties, and serves as a major referral center in Pacific 

Northwest and nationally.

Over several years, an EHR system (EpicCare; Epic, Verona, WI) was implemented 

throughout OHSU. This vendor develops software for mid-size and large medical practices 

and is a market share leader among large hospitals. In 2006, all ophthalmologists at OHSU 

began using this EHR. All ambulatory practice management, clinical documentation, order 

entry, medication prescribing, and billing tasks are performed using components of the EHR. 

Ophthalmologists and their support staff at OHSU use the Kaleidoscope module (Epic, 

Verona, WI) for entering ophthalmic exam findings. These findings, together with subjective 

and other objective findings are summarized in the progress note along with the assessment 

and plan for the encounter.

Note Text Composition Data

We analyzed office visit notes from January 1, 2017- December 31, 2018. We selected 

ophthalmologists with stable practices who regularly saw patients in each year of the study. 

Ophthalmologists were included each year if: in the current or a previous year they saw 

patients in January and February, had over 200 office visits, and either had office visits in 

November and December, or over 200 office visits the following year. We selected notes 

most representative of a provider’s practice, including those from visits with one of a 

provider’s five most common ICD-10 parent diagnosis codes. We excluded notes which 

were likely written by trainees, using regular expression matching of note text in Python 

(Version 3.7, Python Software Foundation, https://www.python.org/) to identify notes signed 

by a resident or fellow.

For all notes, data regarding authorship, attribution, and note text were gathered from 

OHSU’s clinical data warehouse (EpicCare; Epic, Verona, WI). This data reported the 

number of characters (as opposed to the number of words) in a progress note that were 

manually entered, copied, and generated from a template. Characters that were not manually 

entered were labeled Imported Text, and text was categorized as authored either by the 

provider or by other staff. For notes that were authored by both staff and providers, data was 

analyzed regarding the proportion of text entered by each author, along with the source of 

the text. To ensure we were capturing typical notes in this second analysis, notes were 

included if the providers authored at least 30 notes with their staff. While we are only able to 

report character counts for note authorship and attribution in this large-scale analysis due 

how our EHR tracks attribution, in Tables 1 and 2 we also report the average number of 

words in notes for Return and New visits, counted from full note text using R (version 

3.5.0).33
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Manually Reviewed Cases

In addition to the large-scale data analysis, we conducted manual review of a representative 

selection of progress notes to gain further insight. We sampled 120 random progress notes: 5 

new and 10 return from 8 providers (2 each from cornea, retina, neuro-ophthalmology, and 

comprehensive ophthalmology providers). Notes were sampled from the time period 

November 1, 2016 to October 31, 2017, and were again from visits with each provider’s five 

most common ICD-10 parent codes.

Analysis of Cases: Source, Authorship, and Timing

When manually reviewing notes, we used attribution data provided by the EHR in the chart 

review display of the progress note. The provided attribution filter (Epic; Verona, WI) 

displayed the author, text source, and time of creation for the associated block of text. We 

copied each text block into a spreadsheet and used R to count words by authorship, source, 

and time of creation (version 3.5.0).33 Text was categorized as manual or imported, and 

authored by a provider or staff. With manual review, it was possible to identify the scribes 

for individual notes, and scribe text was attributed to the provider for purposes of this 

analysis. Text was categorized as Before Encounter (created before the patient checked in), 

During Encounter (created between patient check in and checkout times), and After 
Encounter (created after the patient checkout time).

Statistical Analysis

Descriptive statistics were calculated using R (version 3.5.0).33 Since character and word-

length were log-normally distributed, T-tests for differences between means of log-

transformed data were used to determine statistically significance in R (version 3.5.0).33

RESULTS

Characteristics of Data Set

Forty-two ophthalmologists authored a total of 182,915 visit notes during the study period. 

After applying exclusion criteria, there were 123,274 progress notes to analyze.

Source of Progress Note Text

Table 1 displays the source of data from progress notes. Imported text represented 2,978 ± 

1,995 characters (77%) of new progress notes, and 3,612 ± 3,831 (91%) of return progress 

notes. Most imported text was templated text, making up 2,778 ± 1,752 characters (72%) of 

new progress notes and 2,600 ± 1,767 characters (66%) of return progress notes. More text 

was copied in return patient notes compared with new patient notes (1,012 ± 3,489 

characters [25%] vs 200 ± 750 characters [5%]).

Figure 1 shows variation of percent imported text across subspecialties, with a minimum of 

54% for new uveitis notes, and a maximum of 94% for return glaucoma notes. Figure 2 

displays a representative example from two progress notes for different patients with the 

same diagnosis with imported text (i.e., copied or templated) highlighted.
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Authorship

For the analysis of proportion of notes authored by staff and ophthalmologists, there were 

84,271 notes authored by 41 ophthalmologists along with their staff that met the inclusion 

criteria. Table 2 summarizes the analysis of text authorship. Providers authored 1,404 ± 

1,658 characters (32%) of new patient note text and 798 ± 1,336 characters (17%) of return 

patient text. There were significant differences in the amount of text entered by providers 

and staff with staff entereing more text for both new (3024 ± 2335, 68%, p<2.2e-16) and 

return patient visits (3953 ± 4410, 83%, p<2.2e-16). On average, providers’ tended to have 

slightly more imported text than manually entered text for both new patient notes (832 ± 

1265 vs. 573 ± 669 charachters), and return patient notes (576 ± 1279 vs. 222 ± 258 

charachters). Technicians’ note text was predominately imported text for both new (2521 ± 

2009 vs. 502 ± 603 charachters) and return patients (3754 ± 4341 vs. 200 ± 316 

charachters).

Manual Review: Timing of Text Creation

Note composition and authorship of manually-reviewed notes largely reflected the results 

above. Imported text consisted of 482 ± 181 words (76%) of text in new patient notes, and 

628 ± 299 words (88%) in return patient notes (as compared to 77% and 91% in the large-

scale analysis). For the 83 notes which had both provider and staff authored text, technicians 

wrote 350 ± 256 words (50%) of total text in new patient notes and 495 ± 312 words (65%) 

of total text in return patient notes (as opposed to 68% and 85% in the large-scale analysis).

Table 3 displays findings from more detailed analysis of provider EHR documentation 

practices during vs. after patient visits for the 119 manually reviewed notes with provider 

text. Large portions of note text were generated after the visit: 135 ± 182 words (35%) of 

new patient note text, and 101 ± 299 words (27%) of return patient note text, both of which 

were significantly greater than zero (p<2.2e-16).

DISCUSSION

Building on our prior work characterizing the time burden and redundancy of ophthalmic 

clinical documentation,20,21,31,34,35 this study presents three key findings: 1) the majority of 

EHR progress note text is copied or generated from pre-existing templates rather than 

manually entered; 2) staff enter a significant proportion of ophthalmology progress note text; 

and 3) a significant proportion of EHR text entered by providers is done after the patient 

leaves.

The first key finding is that imported text entry comprises the majority of clinical note text 

for both new and return patient notes, with most of the imported text coming from templates. 

Imported text comprised 77% of new patient notes and 91% of return patient notes (Table 1), 

which closely matches findings in internal medicine and orthopedics.28,36 While the percent 

of imported text varied by subspecialty, it comprised the majority of the note text in all 

subspecialties. Import technologies improve documentation efficiency, structure, and 

consistency, but may negatively impact note accuracy and patient safety.26,28,30,37 

Specifically, templates and other import technologies may contribute to redundancy between 
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notes (Figure 2). Import technologies may also lead to overly lengthy notes in which new 

and important clinical information is a small percentage of the note and difficult to identify.

Recent studies have shown that providers struggle to manage the amount of information 

available in the EHR.39,40 In clinical practice, reviewing notes with excessive templated text 

may contribute to increased time requirements.5,14 One survey found that 70% of physicians 

reported reviewing notes took more time with EHRs than with paper.41 In addition, 

reviewing notes largely comprised of imported text can be challenging for determining what 

actually happened during the clinical encounter, versus what was simply populated by 

import technology (comprehensive review of medications, detailed examinations, problem 

lists, etc.).8,42 This reliance on imported text is illustrated in Figure 2A, where the majority 

of the note, including the assessment and plan, is composed of imported text, making new 

information difficult to identify. Further, this imported text may propagate errors, 

particularly when large blocks of text are copied-forward.37

Although possible consequences of copy-pasted text are well documented,26 most imported 

text in our study was templated text (Table 1). While we were originally puzzled about 

where the small amount of copied text came from in New Patient notes, an informal post-

hoc analysis of text copied into the 40 new patient notes included in our manual review 

revealed most of this copied text appeared to be from other structured parts of the patient 

record (e.g., medication lists, lab results) rather than other notes. The abundance of 

templated text may be driven by the use of EHR progress notes for assessment of quality and 

billing metrics, making it easier to enter text to meet regulations.5,18,20,30,43 While templated 

text may be more accurate than manual typing (e.g., importing a medication list), it may 

create other problems. For instance, one study found that providers use the medical record to 

create a “memory picture” of a returning patient.44 Use of templated text that results in 

similar notes for different patients (e.g., Figure 2B) may reduce the ability of the medical 

record to support this function, which negatively impacts the relationship between providers 

and individual patients. However, the same study noted that structure can be beneficial to the 

medical record.44 This suggests that templated text is useful for adding structure to the note, 

but not necessarily for generating large amounts of imported, similar text. The use of well-

designed templates can create complete notes,45–47 but we believe excessive use of import 

technology can mask relevant data which might be more selectively reported when entered 

into notes manually. The use of non-progress note data fields for billing and quality metrics 

is one potential approach to restore the integrity and relevancy of the clinical progress note.

The second key finding is that staff enter a significant proportion of ophthalmology progress 

note text. In this study, staff wrote on average 68% of new patient notes, and 83% of return 

patient notes (Table 2). For the manual review, staff authored 50% of new patient notes and 

65% of return patient notes. The large portions of notes authored by staff raise concerns 

about the ability to identify the author.48 In paper charts, authorship is often recognized by 

handwriting, but this is often not immediately apparent in EHRs. Providers commonly solve 

problems using “data-driven reasoning” accessing all available information to inform their 

decision making process, including authorship.49 EHR attribution data used to generate this 

study identifies authorship, but is often not available in real-time during patient visits, nor is 

it available for notes created in older versions of the EHR at our institution. It is also not 
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available for electronically transferred notes from other EHR systems, or for printed or faxed 

copies of notes. Simple methods for identifying different authors, such as font color and 

type, may help provide greater transparency of note authorship.

Our final key finding is that providers continue to document notes after the clinic visit. Of 

the manually-reviewed text authored by providers, large portions (35% new, 27% return) 

were added after the visit (Table 3). This finding is consistent with a previously-published 

study reporting that providers spent 43% of time on the EHR outside of the clinical session, 

and with a previously-published study from our group showing that providers completed 1.6 

hours out of 3.7 total EHR hours after clinic.5,20,25

Documentation after the patient encounter may result from the negative impact of EHRs on 

clinical efficiency, making it difficult to finish during the patient exam.5,14,50 Providers self-

report that productivity and revenue have decreased after EHR implementation compared to 

paper notes.16 These efficiency and financial challenges coupled with documentation work 

following the clinic visit23,25 may negatively impact provider satisfaction and increase stress 

and burnout.23,40,51 Documentation following clinical visits may also have implications for 

patient safety due to inaccurate or incomplete recall, especially for exam findings or key 

discussion points. Our study showed that providers used similar amounts of both manual and 

imported text after the visit, suggesting that providers are still actively documenting after the 

visit rather than merely reviewing and electronically signing notes. Reliance on templated 

text to fill in details after-hours may produce notes that do not accurately represent what 

actually occurred during the clinical visit, and may lead to errors and medicolegal liability.8 

The relationship between after-hours documentation and note accuracy warrants further 

study.

Interestingly, there was a wide range of documentation habits among the providers in our 

study, with some completing nearly all documentation during a clinic visit, and others 

completing the majority after the visit (data not shown). For example, among the providers 

with manually-reviewed study data, the provider that completed the highest percentage of 

documentation during the office visit also relied heavily on import technology (93% new 

patients, 95% return patients). Thus, while completion of charts in real-time appears 

achievable, it may require heavier use of imported text. Real-time completion of charts may 

also be limited by provider knowledge and efficiency with the EHR, length of patient 

examination and discussion, concerns for interference with the provider-patient relationship, 

and level of documentation detail required by certain subspecialties.5,20

We hope these study findings lend evidence to discussions of EHR documentation policy 

change. The Centers for Medicare and Medicaid Services (CMS) recently proposed payment 

changes to allow for lower documentation requirements, including focused history and 

examination components, and review of support staff documentation without re-entering it.
52 While the financial consequences for such changes have yet to be determined, the 

adjustments in documentation requirements may allow for less reliance on lengthy 

templates, facilitate more transparency in authorship, and decrease documentation time.
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This study had several limitations which future work could address. First, the study was 

retrospective and did not allow for causative conclusions. Second, both the large-scale 

analysis of ~125,000 progress notes and manual review of 120 notes occurred at a single 

academic study site, which may not be representative of all ophthalmologists in all settings. 

That said, our manual sample had largely similar note composition and authorship results to 

our larger data set, which suggests the sample was reflective of typical provider notes in this 

setting. Additional research is warranted to examine generalizability of study findings. This 

study did not account for scribes in the analysis, which warrants its own study. Third, this 

study was not designed to examine the utility or harm of different methods of inputting note 

text. Future studies are need to test specific hypotheses such as those that that importing text 

enhances note structure but leads to greater rates of including outdated information. Finally, 

this study excluded office visits with trainees, which may have different patterns of 

documentation with respect to text source and time.36

Overall, these findings raise concerns about patterns of ophthalmology EHR documentation. 

The majority of text in new and return patient notes is created using imported text, which 

may lack accuracy and mask relevant data. Support staff author large portions of notes, but 

attribution data is often not readily visible. Providers complete large portions of 

documentation following clinical visits, which raises questions about accuracy of the note, 

efficiency of workflow, and quality of life for providers. We feel there are important 

opportunities for collaboration among ophthalmologists, system developers, informatics 

experts, and policymakers toward improving the utility of clinical documentation in EHRs.
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This study analyzed and quantified the source of electronic health record (EHR) text 

documentation in ophthalmology progress notes using over 100,000 progress notes 

documented by 42 ophthalmologists. Results show that EHR documentation consists 

largely of imported text, is often authored by support staff, and is often written after the 

end of a visit. These findings raise questions about documentation accuracy and utility, 

and may have implications for quality of care and patient-provider relationships.
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Figure 1: Source of text in ophthalmology electronic health record notes.
Percentage of imported text is displayed for new and return patient visits by subspecialty. 

Imported entry included templated (smart phrases, outlines, macros, labs, medication list) or 

copied text. Templates may include imported text from the chart and previous notes.
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Figure 2: Representative pages from two ophthalmology progress notes from different patients 
with the same diagnosis.
Imported text is highlighted in gray, and manually typed text is not highlighted.
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Table 1:
Source of documentation in electronic health record notes for ophthalmology office visits 
based on automated text analysis of 123,274 notes from 42 ophthalmology providers.

Character counts are displayed for new and return patient progress notes, based on text source (manually-

entered vs imported). Total imported entry includes: templated (smart phrases, outlines, macros, labs, 

medication list) and copied text. Templates can include imported text from the chart and previous notes. 

Comparisons were made between total manual and imported text using a paired t-test after data had been log-

transformed to convert log-normal distributions to normal distributions.

Encounter Type N Word Count Mean ± SD Text Source Character Count Mean ± SD P-Value

New Patient 17,078 557 ± 295 Total Manual Entry 896 ± 893 (23) <2.2e-16

Total Imported Entry 2978 ± 1995 (77)

Template 2778 ± 1752 (72)

Copied 200 ± 750 (5)

Return Patient 106,196 582 ± 560 Total Manual Entry 355 ± 380 (9) <2.2e-16

Total Imported Entry 3612±3831 (91)

Template 2600 ± 1767 (66)

Copied 1012 ± 3489 (25)
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Table 2:
Authorship in electronic health record notes for office visits based on automated text 
analysis of 84,271 notes from 41 ophthalmology providers.

Character counts are displayed for new and return patient progress notes, based on author and text source 

(manually-entered vs imported). Only notes with both provider and technician text were analyzed, and only 

providers with more than thirty notes with provider and technician text were included in the analysis. 

Comparisons were made between amount of text generated by providers and staff for each encounter type 

using a paired t-test after data had been log-transformed to convert log-normal distributions to normal 

distributions.

Encounter Type N Word Count, Mean ± SD Author Text Source Character Count, Mean ± SD (%) P-Value

New Patient 12,116 626 ± 293 Provider Total 1404 ± 1658 (32) <2.2e-16

Manual 573 ± 669 (13)

Imported 832 ± 1265 (19)

Template 754 ± 1134 (17)

Copied 78 ± 335 (2)

Staff Total 3024 ± 2335 (68)

Manual 502 ± 603 (11)

Imported 2521± 2009 (57)

Template 2343 ± 1816 (53)

Copied 129 ± 793 (3)

Return Patient 72,155 688 ± 637 Provider Total 798 ± 1336 (17) <2.2e-16

Manual 222 ± 258 (5)

Imported 576 ± 1279 (12)

Template 490 ± 927 (10)

Copied 86 ± 825 (2)

Staff Total 3953 ± 4410 (83)

Manual 200 ± 316 (4)

Imported 3754 ± 4341 (79)

Template 2432 ±1842 (51)

Copied 1322 ± 4080 (28)
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Table 3:
Timing of text creation by providers in electronic health record notes for ophthalmology 
office visits based on manual text analysis of 119 notes from 8 ophthalmology providers.

Mean word count is displayed by text time of creation and text source for new and return ophthalmology 

progress notes. Before encounter text was created before check-in time. During encounter text was created 

between check-in and checkout time. After encounter text was created after checkout time. Only notes where a 

provider generated text were analyzed. Comparisons were made between total text generated before, during, or 

after visits by encounter type and the hypothesis that zero text was entered during that time period using a one-

sample t-test on data that had been log-transformed to convert log-normal distributions to normal distributions.

Encounter Type N Timing Text Source Word Count Mean ± SD (% Total) P-Value

New Patient 40 Before Total 0 ± 0 (0) NA

Manual 0 ± 0 (0)

Import 0 ± 0 (0)

Template 0 ± 0 (0)

Copied 0 ± 0 (0)

During Total 258 ± 251 (65) 1.3e-13

Manual 67 ± 75 (17)

Import 192 ± 217 (49)

Template 186 ± 211 (47)

Copied 6 ± 19 (2)

After Total 135 ± 182 (35) 2.8e-11

Manual 52 ± 64 (13)

Import 83 ± 153 (21)

Template 77 ± 151 (20)

Copied 6 ± 24 (2)

Return Patient 79 Before Total 24 ± 98 (7) .024

Manual 1 ± 4 (0)

Import 23 ± 95 (6)

Template 20 ± 79 (5)

Copied 4 ± 27 (1)

During Total 245 ± 235 (66) 2.2e-16

Manual 40 ± 37 (11)

Import 204 ±221 (55)

Template 175 ± 195 (47)

Copied 30 ± 67 (8)

After Total 101 ± 299 (27) 2.2e-16
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Encounter Type N Timing Text Source Word Count Mean ± SD (% Total) P-Value

Manual 18 ± 23 (5)

Import 83 ± 296 (22)

Template 76 ± 296 (21)

Copied 7 ± 23 (2)
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