CEUR-WS.org/Vol-2926/paperd.pdf

Natural Language Processing tool for extraction of
patient-reported outcomes from a national multi-EHR

registry

Marie Humbert-Droz!, Zara Izadi?, Gabriela Schmajuk?, Jinoos Yazdany2 and

Suzanne Tamang’

1Stanford University School of Medicine, Stanford, California
2University of California, San Francisco, San Francisco, California

Abstract

Patient-reported outcomes (PRO) are important measures of quality of life for chronically ill patients. These indicators
are often difficult to access because they are documented in the clinical notes. We propose a natural language processing
pipeline to extract PROs developed using data from a national multi-electronic health record (EHR) registry. Our approach is
rule-based and general enough to successfully extract PROs from notes coming from more than 100 practices using more
than 20 different EHR brands, demonstrating a great generalizability and potential for transportability.
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1. Introduction

Patient-reported outcomes (PROs) are important mea-
sures of quality of life for chronically ill patients, popula-
tion health management or clinical decision support for
example. These measures are found in the clinical notes,
making their access for disease tracking, population-
health management and quality reporting challenging.

PROs are especially important in rheumatoid arthritis
(RA), aleading cause of disability in the United States and
many other countries. Functional status assessments are
important outcome measure in RA clinical trials and have
been shown to be strong predictors of future disability
and mortality[1]. In addition, PROs have been success-
fully used to inform evidence-based treatment decisions
and engage the patient in decision-making, facilitating
more patient-centered care[2, 3].

We are using data from the Rheumatology Informat-
ics System for Effectiveness (RISE). RISE is a national
EHR-enabled registry that passively collects data from
EHRs of participating practices. It has been developed
by the American College of Rheumatologists (ACR) to
build digital research infrastructure nationally and facil-
itate quality reporting. The registry passively extracts
data from practices, aggregates and analyses it centrally
and feeds the information back to clinicians in the form
of a dashboard, summarizing performance. The passive
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extraction of data is key here, as it allows practices to
contribute EHR data that is collected during the course
of routine clinical care, thereby minimizing impact on
their workflow[4, 5].

The data collected by RISE allows the calculation of
performance on specific quality measures, such as assess-
ment of disease activity (DA) and functional status (FS),
for rheumatoid arthritis patients. These two quality mea-
sures are often not available from coded data resources
and obtained using standardized and validated question-
naires about their quality of life. These questionnaires
are referred to as patient reported outcome (PRO) in-
struments, and can be for general health or specific to a
disease or condition. In the case of RA patients, there is a
multitude of different instruments measuring disease ac-
tivity or functional status. Two commonly used measures
of disease activity are the Routine Assessment of Patient
Index-3 (RAPID-3) and Clinical Disease Activity Index
(CDALI) questionnaires[6]. Functional status assessment
is obtained with the Health Assessment Questionnaire
(HAQ) or one of its versions[1]. Each instrument has
a number of components, that are then added to yield
the total score. For example, the CDAI instrument has
four components: swollen joints counts, tender joints
counts, patient global assessment and physician global
assessment. The sum of each score yields the total CDAI
score (see Figure 3c. for an example).

Management of patients with RA focus on early inter-
vention and a treat-to-target goal of remission or low dis-
ease activity[7]. This strategy has been shown effective
in reducing disease activity and joint damage but does
not account for the patient’s well-being improvement[8].
The use of patient reported outcomes (PROs) allow to
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Figure 1: Pipeline description

account for the patient’s perspective in the assessment
of disease impact and disease activity, with the goal of
providing patient-centered care, ultimately improving
outcomes. Collecting PROs provides useful information
about the impact of RA on a patient’s quality of life and
monitor the effects of interventions.

2. Materials and methods

We received de-identified notes from RISE, where men-
tions of personally identifiable information such as
names, dates or ZIP codes for example, were automati-
cally removed in compliance with the Health Insurance
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Portability and Accountability Act (HIPAA)[9]. We pro-
cessed notes from January 1 2015 to December 30 2018,
coming from 158 practices and 24 EHR brands. Earlier
notes (January 1 2012 to December 31 2014) were used
for the pipeline development. Over 34 million notes for
854,628 patients were processed through the pipeline.

2.1. Challenges for developing a
rule-based NLP system with multiple
EHR products

Due to the large number of different practices and EHR
brands used for the development of this pipeline, one of
the initial challenges was to harmonize the raw notes.
Many raw notes contained formatting and XML tags,
that introduce a significant amount of noise and artificial
artefacts in the notes, making it difficult to develop a
rule-based system to extract PRO instruments and their
associated scores. Different practices may also have dif-
ferent styles and templates for their notes. Some may
have a semi-structured template for reporting test re-
sults for example. Some may report PROs differently.
For example, for composite assessments like CDAIL, some
providers may report the detailed results for each compo-
nent before reporting the total score (Figure 3c.). Other
providers may report the score interpretation with (Fig-
ure 3a.) or without (Figure 3e.) the numerical score.

Finally, the de-identification process also led to chal-
lenges for our NLP tool development. Some instrument
names and/or scores as well as dates have been removed
from the original notes.

2.2. Pipeline description

The PRO and associated scores extraction pipeline (Fig-
ure 1) is constituted of three steps. The first step of is a
text cleaning step. The second step is the annotation step,
where the concepts of interest and scores are annotated.
Finally, the post-processing step is a succession of clean-
ing functions that format the mentions and performs the
score resolution.

The pre-processing of the raw text to harmonize the
notes and clean out the text of any XML or formatting
markup (see Figure 2 for an illustrative example). The
formatting markup is cleaned using regular expressions
and the text is extracted from the XML markup using the
BeautifulSoup package[10]. Next, the note is tokenized
using a spacy pipeline [11] (using the en_core_sci_md
language model by scispacy [12]). A terminology cu-
rated by domain experts is used as the source for a string
matching module to annotate PRO mentions and non-
numerical scores. Sometimes, the score resulting from
the questionnaire is not documented in the note. Instead,
the clinical interpretation of the disease activity or func-
tional status is. This interpretation is what we refer to
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Figure 2: Snippet examples for the pre-processing step

as non-numerical score (see Figure 3e. for an example).
Finally, a set of rules to identify numbers in the proximity
of the PRO mention is used to resolve the score associ-
ated with the mention. The rules are fairly simple and
identify numbers after the instrument mention, up to the
end of the sentence.

Finally, the extractions are cleaned out in the post-
processing step. This last step has three major compo-
nents. First, non-numerical scores that were detected by
the matching module are associated with their respective
PRO mention. This part is done associating PRO men-
tions and non-numerical scores in the same sentence, in
close distance to each other. Then, scores that are docu-
mented as a fraction, representing SCORE/SCALE (see
Figure 3b. for an example) are resolved. Finally, some
minor formatting errors are resolved and scores outside
the PRO-specific range are discarded.

The final output contains global annotation tables,
ready for post-analysis, score distribution plots and a
summary statistics for numerical scores only.

3. Results

Figure 3 shows some examples of the annotation output.
Instrument names are in yellow, the associated scores
are in green (when correct) or red (when incorrect). In
Figure 3a., most scores are picked up correctly, except
for the second CDAI mention where the lower bound
of the range is picked up. Another challenging part of
extracting scores associated with a PRO instrument is
exemplified in Figure 3c. where the score picked up
is from a component of the CDAI instrument (swollen
joints).
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Figure 3: Snippet examples for some challenging extractions.
Instruments names are over-lined in yellow. When the score
is picked up correctly, it is over-lined in green, in red when in-
correct. Finally, the purple over-line shows an example where
there is mention that a form was given to the patient for
completion, but no score was recorded.

3.1. Performance assessment

100 mentions from 48 randomly selected notes were used
for manual chart review of disease activity and functional
status assessment. The performance was evaluated at the
mention level (for score extraction). Precision, sensitivity,
specificity were evaluated for each mention-score pair.

Out of 59 mentions associated with a score, 55 were
correct and 33 out of 41 mentions without associated
score in the note were correctly extracted. This results
to a precision of 87.30%, recall of 93.22% and F score of
90.16%. The overall accuracy of the system is 88.00%.

We are continuing to extend our manual chart review
to 100 documents.

3.2. Statistics of NLP extractions

After processing through the extraction pipeline, notes
from 95 practices yielded PRO extractions. The raw notes
came from 14 different EHR vendors. Table 1 shows a
summary statistics of all the different instruments ex-
tracted from the notes. RAPID-3 and CDAI were the most
extracted disease activity instruments and MDHAQ the
most extracted functional status assessment instrument,
reflecting the general popularity of these measures. The
result range column of the table shows the range of the
extracted scores, providing a sanity check with respect to
the validity of the score resolution for each instrument.



Table 1
Extraction statistics per instrument

Instrument  # assessments  # patients  # practice Date range Result range  Theoretical range
Disease Activity
RAPID-3 285,391 29,997 54 2015-01-02 - 2018-12-28 0.0 - 30.0 0.0 - 30.0
CDAI 165,181 20,922 39 2015-01-02 - 2018-07-10 0.0 - 75.0 0.0 - 76.0
DAS28 11,985 2,242 21 2015-01-02 - 2018-06-28 0.0 -10.0 0.0-9.4
SDAI 2,620 619 4 2015-01-05 - 2018-06-27 0.0 - 83.1 0.0 - 86.0
Functional Status
MDHAQ 31,821 4,413 8 2015-09-25 - 2018-06-29 0.0 - 3.0 0.0 - 3.0
HAQ 9,609 4,015 15 2015-01-02 - 2018-06-28 0.0 - 3.0 0.0-3.0
MHAQ 18,812 3,328 5  2015-01-05 - 2018-12-13 0.0-3.0 0.0-3.0
HAQII 455 189 4 2017-02-02 - 2018-05-30 0.0-2.7 0.0 - 3.0
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Figure 4: Score distributions for all considered instruments

Indeed, the extracted ranges fall within normal range
for each instrument. Figure 4 shows the distribution of
the scores for each instrument. The scores extracted are
within the theoretical range for each measure and the
distribution is as expected. Both Table 1 and Figure 4
demonstrate the feasibility of extracting PRO instruments
and scores with high fidelity.

4. Discussion

Our work demonstrated a framework for developing a
new tool to extract information related to PRO measure-
ment that are often absent form healthcare data in EMRs.
For example, our system extracts self-reported disease
activity measures, like the RAPID-3 questionnaire, which
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value distribution

provides disease progression information and highlights
patients’ pain and overall perception of their condition.
Functional status assessment, like the HAQ for example,
can also be self-administered and measures the patients’
physical functioning through 3 patient-centered domains
(disability, pain, global health). The questionnaire is very
responsive to change and comorbidities, healthcare re-
source use or need for social support measures can be
predicted by the HAQ score. Such information can be
used for healthcare performance and quality measure-
ment. Paired with a predictive layer, it may also have
the ability to be used proactively within clinical decision
support systems.

Our system achieved good fidelity for PRO measure-
ment and score extraction. The documenting of disease
activity or functional status assessment is usually done



in the clinical notes, thus in a format not readily available
for analysis. Our tool that tags notes for the mention of
various PRO instruments and extracts both the mention
of the instrument and its score (if present). Our tool is
rule-based and generic enough to successfully extract
mentions and scores throughout a variety of practices
(> 100) and EHR brands (> 20). Although more sophisti-
cated algorithms may also be used to achieve the same
goal, the simplicity of our approach is attractive. It also
provides an interpretable baseline approach for compari-
son with more sophisticated machine and deep learning
methods that may have the potential to improve perfor-
mance.

We found key types of systematic errors that were
attributed to our system, such as the extraction of the
lower bound of the interpretation scale (Figure 3a.) or the
extraction of the instrument component instead of the
total score (Figure 3c.) could be removed. The variation
of documentation styles among the different practices
might have contributed to the occurrence of such type of
errors. Since the pipeline is based off of expert-curated
terminology, the extent of the PROs extracted can be
easily extended. Finally, because the tool was developed
to extract information successfully from multiple sources,
it is likely to generalize to other practices or inpatient
setting for example.

Future and ongoing work includes an extension of the
chart review to 100 documents rather than 100 mentions,
comparison of the NLP-extracted scores with structured
data for the practices for which such information is avail-
able, as well as a an analysis of the performance per EHR
brand and practice type. Finally, we plan to explore the
feasibility of computing ACR-endorsed quality measures
from the data extracted with our tool in the hopes of
improving the current standard
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