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Abstract

In this study, we quantified the use of uncertainty expressions, referred to as ‘hedge’ phrases, among a
corpus of 100,000 clinical documents retrieved from our institution’s electronic health record system. The
frequency of each hedge phrase appearing in the corpus was characterized across document types and
clinical departments. We also used a natural language processing tool to identify clinical concepts that
were spatially, and potentially semantically, associated with the hedge phrases identified. The objective
was to delineate the prevalence of hedge phrase usage in clinical documentation which may have a
profound impact on patient care and provider—patient communication, and may become a source of
unintended consequences when such documents are made directly accessible to patients via patient
portals.

Introduction

Uncertainties pervade medicine.! They originate in multiple sources ranging from clinicians’ course of
investigation for pinpointing the right diagnoses”® to patients’ pondering whether to start a medical
treatment.® Expressions found in clinicians’ written or oral communications describing such uncertainties
are known as ‘hedging,” herein defined as “any term or phrase that is ambiguous or lacks clear precision.”
Hedging may take multiple forms such as those related to probability (e.g., likely, probable, possible),
frequency (e.g., often, occasionally, sometimes), or quantity (e.g., many, few, some). These concepts have
also been described as being ‘underspecified’ in relation to their use in clinical practice guidelines.’

Numerous attempts have been made to study clinicians’ use of hedging phrases, particularly with respect
to probability expressions. Some early studies, for example, investigated how clinicians interpret the
meaning of hedge expressions and how this interpretation might in turn affect intra-clinician
communication and distributed medical decision-making.”'* Recent studies explored the interpretation of
probability expressions in clinical documents such as pathology reports'>'” and radiology reports.'® "

Similar investigations have also been conducted to study how patients and families interpret the meaning
of hedge phrases.'” **** These studies may have been driven by the medical establishment’s growing
acknowledgement of the importance of information transparency and patient autonomy. A recent survey
study, for example, assessed if physicians and patients interpret hedge phrases differently. The results
suggested that a great deal of variability exists with respect to how physicians and patients associate
quantitative values to hedge phrases differently.*

It has been demonstrated that uncertainty expressions used by clinicians could result in negative patient
perceptions during patient—provider encounters.”’ ** Nonetheless, such encounters are almost always
conducted through face-to-face (or telephone) contact in which hedge phrases used could be timely
clarified during the interaction. Written notes in patient charts, on the other hand, have been traditionally
purposed to record data to support intra-clinician communications not intended to be directly viewable by
patients. This premise could soon change, however, with an increasing recognition of the value of making
clinician notes available to patients to improve information transparency. While most commercial
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electronic health record (EHR) systems share primarily structured, non-narrative data through patient
portals, the OpenNotes Project (http://www.myopennotes.org/) has been experimenting with the concept
of letting patients and families have direct access to their data including clinician notes.””>' In such
scenarios, clinicians’ ‘hedging’ language is directly exposed to patients, which could result in both
confusion and negative patient perceptions.

Therefore, while often justified due to the inherent uncertainties in medicine, the use of hedge phrases,
combined with medical ‘lingoes’ speed-written (e.g., “mets” for describing cancer “metastases”), could
create confusion among clinicians, and could become even more problematic when the communication is
conveyed between healthcare providers and their patients. In this study, we sought to take a fresh,
comprehensive look at clinicians’ use of hedge phrases in an EHR. We first collected a wide range of
hedge phrases drawn from the literature, and determined the frequency of these terms appearing in a
corpus of clinical documents retrieved from an EHR. We then applied natural language processing (NLP)
to identify key clinical concepts to assess how often they appeared in association with the hedge phrases.
The results could provide valuable insights into understanding clinicians’ use of uncertainty expressions
in clinical documents and its potential implications when sharing such documents with patients.

Methods
A. Literature Review and List Compilation

We first conducted a literature search in PubMed to identify published studies that had described hedge
phrases used in clinical documentation and communication. Keywords searched included “hedging,”
“uncertainty,” “ambiguous,” and “probability expressions” (and their alternative spellings), in
combination with relevant terms such as “clinical,” “pathology reports,” and “medical records.” All hedge
phrases mentioned in the papers we found were extracted. In addition, we developed variants based on the
phrases identified. For example, “can’t rule out” was reported in two papers' '® while “unable to rule out”
was never mentioned; the latter was deemed as a reasonable alternative and was added to our list.

B. Empiric Dataset

In this study, we analyzed a dataset consisting of 100,000 clinical documents retrieved randomly from our
institution’s EHR system. They belonged to hematology/oncology patients whose decedent status was
double confirmed using our EHR and tumor registry. These documents represent a wide variety of note
types ranging from admission notes to discharge summaries. All documents were de-identified prior to
analysis using the MITRE Identification Scrubber Toolkit (MIST).*> The use of these documents was
reviewed and determined to be exempt as nonhuman subject research by our institutional review board.

C. Frequencies of Hedge Phrases

First, we split the 100,000 documents into a total of 3,863,418 sentences. Then, we identified those
sentences containing at least one hedge phrase. Regular expressions were used to identify the maximum
possible match of these phrases. In other words, the phrase “evidence of” would not be double counted if
a longer phrase “no evidence of” is identified.

Because the word “may” was considered to be ambiguous beyond its hedging connotation (“May” can
also be a month of the year), we excluded that term from our analysis when it was capitalized unless it
was the first word of a sentence. Document metadata were included in the analysis to examine differences
in hedge phrase usage across document type, clinical department, and data entry method. Percentages of
hedge phrase usage between departments (reported in Table 4) were compared using a ‘2-sample test for
equality of proportions with continuity correction’ in R version 2.13.2 for Mac OS X.
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D. Concept Identification using Natural Language Processing

We used the MetaMap software released by the National Library of Medicine in 2011 to determine the
types of clinical concepts frequently associated with the hedging phrases.”” ** MetaMap is an NLP
software program that identifies clinical concepts and maps them to other relevant concepts contained in
the Unified Medical Language System (UMLS). The sentences containing at least one hedge term, as
previously identified, were processed using MetaMap, and all phrases in the sentence that mapped to one
or more UMLS concepts were identified and mapped to a specific semantic type. Only those phrases with
a score of 1000, i.e., a perfect match, were retained to help ensure reliable results. For cases in which a
phrase had more than one semantic type with a perfect score, both were retained.

Then, we excluded all mapped phrases that were beyond a window size of 4 with respect to the hedge
phrase. This window size was chosen because it had been shown to be ideal in work related to assertion
classification.”” Finally, we summarized the frequency of the semantic types that were associated with the
hedge phrases. Negation by MetaMap was not considered in this analysis since many of our terms were
themselves negation terms (e.g., “no evidence for,” “does not appear,” “definitely not”).

Results

A total of 31 papers were identified through the literature search,>* *2¢3* which provided a list of 313
distinct hedge phrases (available upon request). An additional 28 terms were added, most of which
represented slight variations from the phrases in the literature (e.g,, including ‘not much of a chance’
based on the published phrase ‘not much chance’). Among the 313 phrases directly drawn from the
literature, thirty-three appeared in 4 or more papers, shown in Table 1.

Most of the papers quantified the meaning of expressions through the use of surveys and interviews.
Among them, we found a lot of variability in the approaches used to perform the quantification and/or in
the manner in which the results were reported. An example showing the results of studying the word
‘probable’ is provided in Figure 1. This figure displays visual comparisons of the results and reporting
approaches from each study, and also demonstrates the wide range of probabilities assigned by subjects.

Table 1. The top 33 hedge phrases most frequently discussed in the literature

Hedge Phrase Citations Hedge Phrase Citations
possible 17 improbable 5
unlikely 14 always 5
likely 14 rare 5
probable 13 probably 5
certain 12 consistent with 5
never 10 possibly 5
sometimes 9 not unreasonable 4
rarely 8 doubtful 4
most likely 8 not certain 4
very likely 7 low probability 4
often 7 usually 4
almost never 6 suggestive 4
almost certain 6 diagnostic 4
perhaps 6 not likely 4
occasionally 6 low chance 4
frequent 6 likely 4
compatible with 6
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Among our list of 341 hedge phrases, 265 appeared in the corpus at least once. Examples of phrases that
did not appear even once include ‘not compatible with’, ‘more often than not’, and ‘moderate
probability.” The 30 hedge phrases that appeared in the largest number of documents are listed in Table 2.
Among the 30 most frequently used hedge phrases discovered in this study, only 10 were commonly
reported in the literature. The rest were mentioned in 3 or fewer publications.

Table 3 lists the 20 most frequently occurring document types in our sample, representing 82.8% of all
documents we analyzed. Nearly all (98.1%) of ‘Admission History & Physical’ documents contained at
least one hedge phrase whereas the nursing notes (both standard and procedure notes) contained far fewer
hedge phrases (31.5% and 13.5%, respectively). Other nursing notes not shown in the table also contained
few hedge phrases. For example, only 14.4% of the ‘Nursing Progress Note’ documents contained a
hedge phrase. In Table 4 are some of the clinical departments in our health system and the percentage of
documents containing hedge phrases created by each department. Notes generated by the Department of
Psychiatry used many hedge phrases whereas Nursing did not, consistent with the note types in Table 3.

Estimated probabilities for the word Probable
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Figure 1. The estimated probabilities for the word “probable” as reported in the literature. Those marked
with an asterisk (*) obtained probabilities from non-clinicians in a non-medical context; studies marked
with a cross (1) involved patients; the rest queried clinicians for their probability estimates. The paper by
Brun presented results from multiple studies, 3 of which are shown in the graph to demonstrate the
variability reported.
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Table 2. The top 30 hedge phrases most frequently appearing in the study corpus

Hedge Phrase Total number of Hedge Phrase Total number of
Documents Documents
may 24,036 could be 4,739
possible* 23,002 most likely* 4,625
likely* 21,307 appear 4,301
positive 21,126 necessary 4,220
several 14,737 seems 3,882
no evidence of 13,283 probably* 3,836
evidence of 12,350 frequent* 3,580
most 12,293 never* 3,419
consistent with* 11,189 many 3,368
unremarkable 10,374 sure 3,368
few 9,769 suggest 3,328
usual 6,174 apparently 3,302
think 5,352 occasionally* 3,269
possibly* 5,350 possibility of 3,046
potential 5,116 diagnostic* 2,813

* Phrases most frequently discussed in the literature.

Table 3. The top 20 most frequent document types, sorted by decreasing frequency of hedge phrases

Document Type Total number of Proportion with > 1
Documents Hedge Phrase (%)
Admission History & Physical 1,879 98.08
Discharge Summary 4,753 93.18
Emergency Department Note 2,441 89.55
Letter 6,197 89.43
Consult — Inpatient — New 1,875 88.16
Note* 7,501 85.76
Consult — Inpatient 1,720 85.58
Letter/Note — Return Visit 18,509 85.53
Letter/Note — New Patient 2,558 82.13
Endoscopy Report 1,053 81.86
Progress Note 15,198 80.87
Social Work Note 1,865 79.03
Operative Report 2,412 78.57
Consult — Inpatient- Follow-up 4,462 77.63
Nutrition Note 2,199 74.17
Procedure Note 1,548 57.95
Phone Note 3,730 44.69
Physical Therapy Inpatient Note 1,121 38.45
Nursing Note 1,772 31.49
Nursing Procedure note 3,266 13.49

* ‘Note’ represents a generic document type initially used in the EHR before more specific types were created.

Table 5 shows the top 30 UMLS semantic types associated with a hedge phrase identified by MetaMap.
Many of these high level categories are clinically relevant including ‘Disease or Syndrome,’ ‘Finding,’
and ‘Sign or Symptom.” Figure 2 displays a network graph showing the relationships between the most
common semantic types identified by MetaMap and the most frequent hedge phrases associated with
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those semantic types. The term ‘likely’ was associated with 9 of the top 10 semantic types, followed by
‘may’ and ‘possible’ which were each associated with 8 of them. Table 6 provides examples of hedge
phrases associated with clinical concepts identified with our approach, drawn from our document corpus.

In a prior study using a subset of the corpus, we showed that there are linguistic property differences in
documents that were typed versus dictated/transcribed that could influence the performance of NLP
systems.*® The current study included 47,665 documents that were typed by clinicians and 19,882
documents created via dictation/transcription. The remainder of the documents were added from other
source systems but we could not ascertain how they were created based on the metadata. Among the
typed notes, 66.52% had at least one hedge phrase, whereas 86.81% of the dictated notes had at least one
phrase, and this difference was highly significant (p < 0.001).

Table 4. Hedge phrase usage by clinical departments

Total number Proportion with P value for
Group Clinical Department of Documents >1 Hedge proportion test
Phrase (%)

Psychiatry 291 93.47

1 Emergency Medicine 3,737 91.06 0.20
Neurology 1,833 90.67 0.67
Pediatrics 4,463 83.87 2.6x10™"

2 Internal Medicine 35,943 83.51 0.56
Family Medicine 2,177 83.28 0.80
Obstetrics and Gynecology 1,049 79.03 3.9x10°

3 Dermatology 1,057 76.44 0.17
Ophthalmology 851 75.91 0.83
Orthopedic Surgery 603 70.65 2.9x107

4 General Surgery 9,954 70.60 1.0
Neurosurgery 1,005 68.76 0.24

5 Anesthesiology 1,290 65.35 0.09

6 Physical Medicine & Rehabilitation 5,967 56.39 4.2x10”

7 Nursing 6,817 33.93 <2.2x10"°

P values in rightmost column are based on proportion test between the row in which the value appears and the
preceding row. Departments with similar percentages are grouped according to shading.

Qualitative Concept

Functional Concept

sure

possible
unremarkable o Idea or Concept
Quantitative Concept
usual
may
consistent with T lc
Disease orSyndrome Jikely: emporal Concept
— most
positiye
evidence of
Intellectual Product
no evidence of Finding
Body\Part, Organ several

Sign or Symptom

Figure 2. Network graph depicting the association between the 10 most common semantic types (blue
nodes) and 12 of the most frequently used hedge phrases (yellow nodes).
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Table 5. UMLS semantic types associated with hedge phrases, sorted by decreasing frequency

UMLS Semantic Type Freq. UMLS Semantic Type Freq.
Functional Concept 45,637 Mental Process 7,589
Qualitative Concept 39,159 Conceptual Entity 7,238
Disease or Syndrome 34,785 Health Care Activity 6,998
Finding 33,024 Spatial Concept 6,851
Idea or Concept 22,607 Diagnostic Procedure 6,221
Temporal Concept 20,149 Organic Chemical, Pharm. Substance 5,186
Sign or Symptom 13,718 Body Location or Region 5,022
Quantitative Concept 13,380 Medical Device 4,591
Body Part, Organ, or Organ Component | 12,422 Amino Acid, Protein, Immunol. Factor | 4,579
Intellectual Product 11,120 Inorganic Chemical 4,475
Pathologic Function 10,902 Clinical Attribute 4,255
Patient or Disabled Group 10,254 Organism Function 3,845
Activity 10,085 Body Substance 3,232
Therapeutic or Preventive Procedure 9,608 Laboratory Procedure 3,163
Neoplastic Process 8,576 Geographic Area 3,023

Table 6. Examples of complete hedge phrases drawn from the corpus. All hedges phrases are in bold.
Concepts identified by MetaMap (within the window of +/- 4) are italicized.

It is also possible, although less likely, that the synechia formed following nasal trauma...

I can find little evidence that the thyroid is the source of her cancer.

...hand pain and numbness which may be associated with arthritis with some nerve entrapment.

Possible but inconclusive source of melena.

The etiology of the patient's fatigue is not clear at this time.

He had normal range of affect and with perhaps some mild anxiety.

... somewhat unlikely that a shunt occlusion or migration would be the cause of her altered mental status

He continues to complain of insomnia and jitteriness, which I suspect is due to prednisone

Discussion

It is not surprising that clinicians’ frequent use of hedge phrases has continued into the era of EHR. With
the availability of a large-size corpus, our study was able to further quantify several nuances in hedge
phrase utilization. For example, the results show that physicians express uncertainties far more frequently
than nurses. While hedge phrases are present in a variety of documents, they appear in distinct rates.

Among the semantic types detected using MetaMap, many of them are clinically relevant. There were
nearly 35,000 instances in which a hedge phrase was associated with a ‘Disease or Syndrome.” Such
instances must be carefully communicated to patients as it has been demonstrated that “in situations
where there is substantial uncertainty, extra vigilance is required to ensure that patients are given the tools
and information they need to participate in cooperative decision making about their care.”*’

It should be noted that disclosing uncertainty to patients, rather than concealing it, can yield better results.
It has been shown that educating patients regarding the limitations of medicine (such as the inherent
uncertainty in diagnoses and prediction of disease progression) can improve clinician—patient
communication as well as increase patient involvement and understanding of their illness.* For example,
a study conducted in a general medicine clinic found that physicians who expressed uncertainty and
educated patients about it received higher patient satisfaction scores.” In another study setting, similar
results were reported that clinicians’ willingness to disclose and openly discuss uncertainty with patients
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led to better patient satisfaction.”® Nonetheless, with a growing interest in making clinical data more
accessible to patients via patient portals, clinical documents containing hedge phrases may now be
directly exposed to patients without adequate clarification, which could result in unintended adverse
consequences. Specific strategies, therefore, need to be developed to better handle hedge phrases in
patient-facing scenarios. Such strategies may include providing computerized alerting mechanisms to
detect certain hedge phrase usage that may be problematic, or including contextual educational materials
that provide explanations to patients about the cause of the uncertainty and its implications.** ** *'*
Involving patients in developing strategies for handling these commonly used phrases will be important.

This study has several limitations. First, we quantified the multitude of hedge phrase usage without
manually reviewing each instance to verify what the context was and whether the use was appropriate.
For example, we did see that the word “may” also appeared in non-ambiguous contexts related to its
meaning of ‘permission’ such as “I explained that he may call back at any time with further questions.”
Adding a qualitative component to the study wherein patients and physicians interpreted a selection of
hedge phrases from our corpus would provide additional data about the use and meaning of the phrases.
Furthermore, our analysis was conducted based on data collected in a single institution and we were
therefore unable to study local differences in how hedge phrases are used or accepted which limits the
generalizability of our findings. Finally, the association of a semantic entity and a hedge phrase was
determined approximately; the hedge phrase appearing within 4 words of a semantic entity might not
have necessarily been used to modify the very entity. Further work with manual verification would help
to improve the precision of the analysis.

Conclusion

We empirically evaluated clinicians’ use of hedge phrases in their clinical documentation by examining
the frequency of these phrases and their association with clinical concepts identified through natural
language processing. We found that hedge phrases are used in a substantial proportion and variety of
clinical documents, and many are associated with clinically relevant concepts. The use of hedge phrases
in clinical notes has the potential for unintended consequences as patients begin to gain direct access to
their notes through patient portals.
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