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Abstract

Using sequence alignment to compare more than 12,000 pairs of progress notes, we find that 

progress notes were, on average, 74.5% redundant with the prior progress note written for the 

same patient.

Adoption of electronic health records (EHRs) has transformed ophthalmology 

documentation. Whereas hand-written paper charts encouraged brevity, documentation in 

EHRs may be composed with content-importing technologies such as templates and copy-

paste,1 resulting in longer electronic notes than their paper counterparts2. Further, electronic 

notes can look remarkably similar, and may contain outdated or erroneous information that 

contributes to medical errors.3,4 One step toward weighing the risks and benefits of content-

importing technologies is understanding similarity among notes. While a few studies find 

rates of redundancy around 30% in primary care notes,5,6 to our knowledge, no study has 

rigorously quantified similarity between subsequent outpatient ophthalmology notes.

This study was conducted at Casey Eye Institute, the ophthalmology department of Oregon 

Health & Science University (OHSU), a large academic medical center in Portland, Oregon, 

and approved by OHSU’s Institutional Review Board which granted a waiver of informed 

consent for analysis of EHR data. We first performed a large-scale analysis of note 

redundancy using natural language processing. We included all 48 faculty providers (42 

ophthalmologists, 6 optometrists) who saw patients between January 1, 2017 and December 

31, 2018, and collected progress notes for follow-up visits where the primary visit diagnosis 

(parent ICD-10 diagnostic code) was one of the provider’s three most common based on 

billing data. We paired each note with the progress note for the next office visit by the same 

patient to the same provider for the same diagnosis. We repeated this process to generate 
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note pairs for all 12,355 patients who attended ≥2 follow-up appointments with a study 

provider during the study period. For comparison, we collected 10,000 random pairs of 

notes, ensuring each note represented a different patient.

We used sequence alignment to assess note redundancy, employing the modified 

Levenshtein edit-distance algorithm5 to generate a “master note” containing an aligned 

sequence of words from either note. Redundancy was defined as the percent of words from 

the second note that aligned with words from the first note. Redundancy calculations were 

performed in Python (version 3.7, Python Software Foundation, https://www.python.org/).

Next, to analyze redundancy by SOAP section, we manually reviewed 120 pairs of 

encounter reports which, at our institution, are automatically generated to include the 

progress note, exam findings, and any procedure notes for a visit. We analyzed encounter 

reports as many providers leave objective findings out of their progress notes. We selected 

serial encounter reports for 15 patients for each of eight attending ophthalmology providers 

(2 each from cornea, neuro-ophthalmology, retina, and comprehensive subspecialties), 

randomly selecting the first report from a pool of follow-up office visits where the primary 

visit diagnosis was one of the provider’s three most common (November 1, 2016 to October 

31, 2017). One author (AEH) manually coded the first note of each encounter report pair 

into SOAP and Other sections and a second author (BH) independently coded 4 

representative reports to assess inter-observer agreement. We used document comparison 

software (Workshare Compare; Workshare, San Francisco, CA) to highlight new text in the 

second report of each pair and counted new and total words per section. We used a Kruskal-

Wallis test with Bonferroni correction to assess overall difference in redundancy between 

note sections and multiple post hoc Dunn’s tests to identify specific statistically-different 

sections. All calculations for this manual review were performed in spreadsheet software 

(Excel 2016; Microsoft, Redmond, WA) with XLSTAT add-in software (Addinsoft, New 

York, NY).

For the large-scale analysis with 12,355 progress note pairs, the second note was on average 

74.5% redundant with the first (95% Confidence Interval, 74.2%−74.8%) (Figure 1). That is, 

74.5% of note text was found verbatim in the progress note for the patient’s previous office 

visit. The 24,710 progress notes in our sample averaged 610±563 words in length. By 

comparison, across the 10,000 randomly-paired progress notes, the second note was on 

average 19.3% redundant with the first (95% CI, 19.1–19.5%).

The 120 manually reviewed encounter reports were, on average, 75.4% redundant (95% CI, 

73.5–77.3%) and 1129±288 words long. Inter-observer agreement for word count by SOAP 

section was excellent (Spearman’s r=0.983, p<0.0001). The Plan section had the highest 

proportion of new words (44.6%, 95% CI, 39.7–49.6%). All other sections ranged from 

22.7–27.4% new text (Table available at www.aaojournal.org). The percentage of new words 

in the Plan section was significantly higher than the other four sections (p<0.001, post hoc 

Dunn test). There were no statistically-significant differences among other sections.

To our knowledge, this is the first study quantifying redundancy of ophthalmology notes. We 

find the majority of text in both progress notes and encounter reports does not change 
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between serial visits. Moreover, we find the Plan section changed the most between serial 

visits with nearly half of Plan text being new, possibly reflecting a greater propensity for 

providers to rethink and modify their plan each visit. Together, these findings identify a high 

level of redundancy in EHR documentation for ophthalmology (~75%), especially when 

compared to the 19.1% redundancy in randomly paired progress notes. While some of this 

redundancy may reflect helpful repeated structure (e.g., section headers) or stable objective 

findings, other redundant text may be included for non-clinical purposes (e.g., billing 

attestations) or irrelevant to the visit (e.g., some medication lists). Most encounter reports 

(88/120) even had duplicate exam text within the same report (Table available at 

www.aaojournal.org). The American Academy of Ophthalmology’s guideline that “the fina l 

patient note must be edited carefully to ensure accuracy and relevance to the current visit” 

after use of content-importing begins to address this issue.7 However, more may be done 

prospectively to ensure documentation aids such as templates support concise and accurate 

documentation.

Further study is needed to rigorously quantify the impact of redundancy on provider 

efficiency and patient safety. Moreover, the amount and type of redundant text that is helpful 

or harmful depends on specialty and end use which additional, more-targeted documentation 

review might clarify. Still, this high level of redundancy may reflect documentation designed 

as an aid for billing, medicolegal defense, or the consolidation of information across a 

fragmented record – rather than concise communication of clinical rea soning.
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Figure 1. Distribution of ophthalmology progress note redundancy based on automated text 
analysis between 12,355 pairs of serial notes by the same provider seeing the same patient.
On average, 74.5% of text in the second note was redundant with the first note. Forty-eight 

providers were included in this analysis.
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