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Objective:  Clinical  documents  reflect  a patient’s  health  status  in  terms  of  observations  and  contain  objec-
tive information  such  as  descriptions  of  examination  results,  diagnoses  and interventions.  To  evaluate
this  information  properly,  assessing  positive  or negative  clinical  outcomes  or  judging  the  impact  of  a
medical  condition  on  patient’s  well  being  are  essential.  Although  methods  of  sentiment  analysis  have
been  developed  to  address  these  tasks,  they  have  not  yet  found  broad  application  in the  medical  domain.
Methods  and  material:  In this  work,  we  characterize  the  facets  of  sentiment  in the  medical  sphere  and
identify  potential  use  cases.  Through  a literature  review,  we  summarize  the  state  of  the  art  in  health-
care  settings.  To determine  the  linguistic  peculiarities  of sentiment  in  medical  texts  and  to collect  open
research  questions  of sentiment  analysis  in  medicine,  we  perform  a quantitative  assessment  with  respect
to word  usage  and  sentiment  distribution  of a  dataset  of clinical  narratives  and  medical  social  media
derived  from  six  different  sources.
Results:  Word  usage  in  clinical  narratives  differs  from  that  in  medical  social  media:  Nouns  predomi-
nate.  Even  though  adjectives  are  also  frequently  used,  they  mainly  describe  body  locations.  Between  12%
and  15%  of sentiment  terms  are  determined  in  medical  social  media  datasets  when  applying  existing
sentiment  lexicons.  In contrast,  in  clinical  narratives  only  between  5%  and  11%  opinionated  terms  were
identified.  This  proves  the  less  subjective  use  of  language  in clinical  narratives,  requiring  adaptations  to
existing  methods  for sentiment  analysis.

Conclusions:  Medical  sentiment  concerns  the  patient’s  health  status,  medical  conditions  and  treatment.
Its  analysis  and  extraction  from  texts  has multiple  applications,  even  for  clinical  narratives  that  remained
so  far  unconsidered.  Given  the  varying  usage  and  meanings  of  terms,  sentiment  analysis  from  medical
documents  requires  a  domain-specific  sentiment  source  and complementary  context-dependent  features
to be  able  to correctly  interpret  the  implicit  sentiment.
. Introduction

In the event of complex medical conditions and associated treat-
ents, patients are examined by different types of specialists.

ecause they are specialized in a particular medical field, e.g. radi-
logy, surgery, paediatrics etc. this leads to a restricted view of each
atient’s status and their medical conditions. In their documenta-
ions, physicians describe their personal views and observations.
his might be a judgement or evaluation, an affective state, or
e intended to provoke some emotion in the reader. Sentiment

nalysis methods aim to determine the attitude expressed with
espect to some theme or the overall contextual polarity of a doc-
ment. Originating in the field of web mining, the development of
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sentiment analysis methods often concentrates on processing very
subjective texts such as customer reviews [1,2]. Limited work has
shown that less subjectively written texts can be analysed using
sentiment analysis methods, enabling better insights into seman-
tics [3].

In this work, we  describe facets and potentials of sentiment
analysis in the context of medicine and healthcare for several rea-
sons. A treatment process often involves various persons, including
physicians of different specialities, nurses, therapists etc. Since the
personal observations and attitudes of a physician influence clinical
decision-making, it is crucial to identify them in medical records so
that a complete view of a patient’s health status can be achieved
and presented to other treating healthcare professionals. While

examination results are often reported in a structured manner,
observations or experiences are communicated in an unstructured
way in finding reports or other clinical documents. Accordingly,
extracting opinions and intentions from medical narratives can be

dx.doi.org/10.1016/j.artmed.2015.03.006
http://www.sciencedirect.com/science/journal/09333657
http://www.elsevier.com/locate/aiim
http://crossmark.crossref.org/dialog/?doi=10.1016/j.artmed.2015.03.006&domain=pdf
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dx.doi.org/10.1016/j.artmed.2015.03.006
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Table 1
Entities and events in the medical domain and possible sentiment characteristics.

Entity Possible sentiment values

Health status Improve, worsen
Medical condition Present, improve, worsen
Diagnosis Certain, uncertain, preliminary
Effect of a medical event Critical, non-critical
Medical procedure Positive or negative outcome, successful or
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or phrases, and that the context is important.
unsuccessful
Medication Helpful, useless, serious adverse events

mportant for assessing clinical data, monitoring a patient’s health
tatus or providing automated decision support for physicians.
ven though clinical documents are often written in an objective
anner, medical conditions impact a patient’s life. Sentiment anal-

sis can help determine this impact from written documents.
Natural language processing of clinical narratives has sparked

ncreasing attentions in recent years, resulting in effective algo-
ithms for named entity recognition and relation extraction
ethods [4]. Based on recognized entities and relations among

hem, the analysis of opinion and sentiment in clinical narra-
ives can offer a higher-level text understanding [4]. However, the
entiments expressed in clinical narratives have not been well ana-
ysed and exploited yet. This paper examines this newly emerging
esearch topic, identifies potential use cases, and summarizes the
ain open research questions by:

Determining the current state of the art in sentiment analysis in
healthcare settings
Describing uses and potential of sentiment analysis in medicine
Characterizing facets of sentiment in the domain of medicine and
drawing conclusions for technical developments in this field

In the following section, we describe the facets of sentiment
n the medical context. Section 3 summarizes existing work on
entiment analysis. To characterize sentiment, we analysed and
ompared the linguistic peculiarities of clinical and medical social
edia texts with respect to subjectivity and opinions (Section 4).

ossible use cases were collected in discussions with physicians
nd are described in Section 5. Additionally, research challenges
or the future development of medical sentiment analysis methods
re outlined. The paper finishes with conclusions in Section 6.

. The notions of sentiment in medicine

Textual information can be broadly categorized into facts and
pinions [2]. Facts are objective expressions about entities or
vents. Opinions are usually subjective expressions describing peo-
le’s attitudes, sentiments or feelings about entities. However,
he concept of sentiment or opinion is quite broad, encompass-
ng subjectivity, polarity, emotion or even comparison. While it is
traightforward for a person to like or dislike a movie or product,
entiment in the context of medicine is difficult to capture in a few
ords. Facets of sentiment in health-related texts may  concern (see

able 1):

A change in health status (e.g a patient can suddenly feel better
or worse)
Critical events, unexpected situations or specific medical con-
ditions that impact the patient’s life (e.g. tumour is malignant as
such is a fact, but this medical condition is negative for the patient

since it might lead to health problems or death)
The outcome or effectiveness of a treatment (e.g. surgery may
be successfully completed)
Fig. 1. Facets of sentiment in medical contexts. Sentiment can concern patient’s
health, a medical condition or treatment. For each aspect, sentiment can occur in
different forms.

• Experiences or opinions of a treatment or a sort of drug (e.g.
a patient or a physician can describe serious adverse events after
drug consumption)

• The certainty of a diagnosis (e.g. a physician may be certain of
some diagnosis)

The examples show that good and bad or positive and negative
in the context of medicine concern the health status, a medical
condition or a form of treatment. It is manifested in improvements
or deteriorations of certain medical or physical conditions or in the
success or failure of a treatment (see Fig. 1). Below these facets are
described in more detail.

Sentiment can be seen as a reflection of the health status of
a patient which can be good, bad or normal at some point in time.
Thus, the health status impacts the quality of life of a patient (e.g.
a severe pain affects the life of a patient much more than a slight
pain). By analysing health status over time, improvements or dete-
riorations in the status can be recognized. In clinical narratives, the
health status is expressed either implicitly or explicitly. Implicit
descriptions of the health status concern the mentioning of symp-
toms (e.g. severe pain, extreme weight loss, high blood pressure). They
require additional content information for correct interpretation.
An explicit description of the health status is reflected in phrases
such as the patient recovered well or normal.

A medical condition can exist, improve or worsen. Thus, sen-
timent can also be considered as the presence or change of a
medical condition.  Sentiment in this context can be implicitly con-
sidered as the severity of a disease, which again impacts on life
circumstances. A medical condition can have different weights:
a chief complaint might affect the health status much more than
another symptom. Furthermore, the certainty of a diagnosis can
be seen as the opinion of a physician. For example, a diagnosis may
be a suspicion or it may  be assured. This opinion on the certainty of
a diagnosis impacts the treatment decision: if a diagnosis is certain,
a treatment decision can be made; otherwise additional examina-
tions are necessary. Another interesting facet of sentiment concerns
the judgement of medical conditions, in particular with respect
to their severity. For instance, events such as a bleeding can be pos-
itive or negative, critical or less critical. The phrase blood pressure
decreased could express a positive or negative change depending on
the previous state of blood pressure. A decrease of blood pressure
can be good if it was  too high before. This also shows that sentiment
in clinical narratives cannot always be manifested in single terms
Additional sentiment aspects concern treatment. It can be com-
plex or less complex, urgent or less urgent. The outcome of a
treatment may be positive, negative (e.g. surgery was  successful
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events with respect to the opinionated entities and created an
extension of the well-known subjectivity lexicon (MPQA) [14].
More specifically, four types of the goodFor and badFor events (gfbf)
K. Denecke, Y. Deng / Artificial Int

r failed), neutral or a treatment can have no outcome. The outcome
an often only be derived from the described effects of a treatment
n a medical condition. For example, a statement that a medical
ondition has improved allows the conclusion that the treatment
ad a positive outcome. Observations and opinions of treatments
r medications expressed in clinical narratives or in social media
ocuments provide another facet of sentiment in the context of
edicine.
In conclusion, the concept of medical sentiment is very com-

lex and has multiple facets making it very interesting, but also
hallenging for automatic analysis. Through a linguistic analysis in
ection 4, we will collect the challenges to be considered.

. Approaches to sentiment analysis

In the context of web science and web mining, methods for
etermining and analysing subjectivity as well as opinions and
motions expressed in written format have been developed. The
eld is known as opinion mining, or sentiment analysis. In medicine
nd health, sentiment analysis is attracting growing interest. In this
ection, we first provide a brief overview of sentiment analysis in
eneral. Then we describe and classify more deeply the existing
pproaches to sentiment analysis in the context of medicine.

.1. General overview

Research in sentiment analysis started in around 2004 [1] with
he mining of opinions in customer reviews and online news. The
nitial task considered was to distinguish positive from negative
eviews (referred to as polarity analysis) or subjective from objec-
ive parts of a text (referred to as subjectivity analysis). Later on,
dditional tasks were introduced: emotion analysis determines
he emotional category of texts (e.g. anger, disgust)  [5,6] while
ntensity analysis focuses on identifying different levels of polarity
r emotion (e.g. very positive, very sad).

Existing sentiment analysis methods developed for processing
nstructured text in web media treat the task as a classification
roblem: a classifier is trained to detect the polarity at sentence or
ocument level. For example, Pang et al. presented a series of super-
ised methods such as naive Bayes, support vector machines (SVM)
nd maximum entropy classification [7,8]. An unsupervised mech-
nism has been developed by Turney, who proposed a solution to
ecognize the semantic orientation of texts [9].

These approaches are based on feature sets including semantic
r lexical features. Often, the underlying assumption is that sen-
iment is explicitly mentioned in the text, and is thus manifested
n opinionated words. Normally, adjectives, adverbs and specific
ouns express sentiments in free texts. Given this, conventional
entiment analysis is based on the detection and analysis of such
pinionated terms (semantic features). These terms are usually cat-
gorized into the categories positive, negative and neutral and made
vailable in sentiment lexicons (see Section 3.2). The latter are then
xploited by sentiment analysis algorithms to identify the opinion-
ted terms and their polarity in a text through lexicon-lookup.

Apart from a lexicon-lookup to identify opinionated terms, addi-
ional features can be extracted from texts for exploitation in
entiment analysis methods. They include lexical features such as
nigrams, bigrams and parts of speech.

Sentiment analysis can be considered at different levels: at the
evel of a word, aspect, sentence and document. Pang et al. [7] con-
idered the problem at document level. However, there is a need for

ne-grained approaches to sentiment analysis. Aspect-based anal-
sis aims to identify the aspects of entities and assigns a sentiment
o each aspect (e.g. The CD is good but it was too expensive describes
wo aspects, the content of the CD and its price) [10].
ce in Medicine 64 (2015) 17–27 19

Studies have shown that sentiment analysis is often domain-
dependent [11] since the polarity of single terms can differ
depending on the context they are used in. For that reason, fea-
ture models on which a machine learning classifier is based,
need to be trained on domain-specific datasets. Lexicons need
to be adapted to the domain-specific interpretations of words.
An approach to domain-independent sentiment analysis was pre-
sented by Montejo-Raez et al. [12]. They represented each term in
a tweet as a vector of weighted WordNet synsets that are seman-
tically close to the term. The weights were used in SentiWordNet
[13] to estimate the polarity.

Limited work is available on sentiment analysis from fairly
objective texts. Balahur et al. applied sentiment analysis methods
to news articles to separate the good and bad news content from the
good and bad sentiment expressed on a target and to mark explicit
opinions [3]. For this particular text type of news articles, opinion is
“conveyed through facts that are interpretable by the emotion they
convey” [3]. This is to a certain extent comparable to sentiment
analysis in healthcare: sentiment can be conveyed through dis-
eases, treatments or medical conditions and they impact a patient’s
life quality and health status.

3.2. Sentiment lexicons

Many approaches to sentiment analysis are based on senti-
ment lexicons. They provide an important basis for recognizing
sentiment terms and patterns of sentiment expressions in natu-
ral language texts. Existing lexicons include SentiWordNet (SWN)
[13], WordNetAffect, General Inquirer1 and the Subjectivity Lexi-
con (SL) [14]. They contain words and assigned sentiment scores
or classes to single terms. The lexicons can be generated manually
or through corpus analysis. Often, they do not consider the pecu-
liarities and differing meanings of terms when used in different
domains or do not explicitly provide this information regarding
other domains. SentiWordNet is one of the most widely used senti-
ment lexicons. It assigns to each synset of WordNet three sentiment
scores: positivity, negativity, objectivity. SentiWordNet contains
different meanings of terms. However, it is not specified in which
domain a term has another meaning (e.g. if the term right is just
employed directionally or used in the sense of “correct”). Word-
NetAffect [15] provides to a number of WordNet synsets one or
more affective labels representing emotional states. Mohammad
and Turney [16] developed EmoLex, an emotion lexicon generated
by manual annotation through Amazon’s Mechanical Turk service.
The Subjectivity Lexicon of Wilson et al. [14] contains 8221 single-
term subjective expressions associated with their polarity.

In addition to using such general sentiment resources, domain-
specific lexica are going to be developed which consider the
domain-dependency of meanings of words. A high-quality multi-
dimensional lexicon should include the most representative terms
in the domain with their semantic relations and high-level event
scheme. The extension of an existing lexicon is the most direct way
to cover the domain-specific context. One approach is to increase
the lexicon coverage by merging a general lexicon with a domain-
specific lexicon.

While conventional methods have mainly focused on determin-
ing explicit sentiment expression, the annotation scheme proposed
by Deng et al. [17] considered the benefactive and malefactive
were defined: destruction, creation, gain or loss, benefit or injury.  The

1 http://www.wjh.harvard.edu/∼inquirer/ (accessed 08.02.15).

http://www.wjh.harvard.edu/~inquirer/
http://www.wjh.harvard.edu/~inquirer/
http://www.wjh.harvard.edu/~inquirer/
http://www.wjh.harvard.edu/~inquirer/
http://www.wjh.harvard.edu/~inquirer/
http://www.wjh.harvard.edu/~inquirer/
http://www.wjh.harvard.edu/~inquirer/
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vents are represented as a triple of text spans 〈agent, gfbf, object〉,
hich indicates that some subject (noun) such as a person or an

rganization had some good or bad effect on the object (noun).
he implicit opinions expressed by the writer are presented in the
cheme.

Goeuriot et al. [18] merged terms from the general lexicons Sen-
iWordNet and Subjectivity Lexicon [14]. Afterwards, opinionated
erms from drug reviews were extracted to extend the merged
exicons. During extension, the difference of polarity between the
eneral domain and the medical domain was analysed. They found
ut that some words considered generally as neutral are opinion-
ted in medical texts. Finally, an evaluation with a simple voting
lgorithm showed that better results can be achieved with the
erged lexicon than with well-known general sentiment lexicons.
Ohana et al. [19] evaluated the performance of sentiment detec-

ion using four lexicons: General Inquirer [20], Subjectivity Lexicon
14], SentiWordNet and Moby.2 The lexicons were applied to
exts from six general domain datsets including book reviews,
otel feedback and discussions about music and films. The results
howed that the accuracy of the single lexicons depends on the
omain. More specifically, SentiWordNet scored the highest accu-
acy (65–71%) in four out of six domains, while the Subjectivity
exicon has provided the best performance (63–65%) in the two
ther domains. One reason for this is the large vocabulary coverage
f SentiWordNet.

.3. Sentiment analysis in a medical context

Similar to general sentiment analysis approaches, existing
esearch on sentiment analysis in the context of medicine can
e grouped according to textual source (e.g. medical web  con-
ent, biomedical literature, clinical note), task (e.g. polarity analysis,
utcome classification), method (e.g. rule-based, machine-learning
ased) and level (e.g. word level, sentence level). The main
pproaches are described in more detail in the following.

.3.1. Sentiment analysis from the medical web
Most research on sentiment analysis in the domain of medicine

onsiders web data such as medical blogs or forums for the pur-
ose of mining or studying patient opinions or measuring quality.
or example, a method was introduced that separates factual texts
rom experiential texts [21] to measure content quality and credi-
ility in patient-generated content. Assuming that factual content

s better than affective content since more information is given (in
ontrast to moods and feelings), a system has been developed using
ubjectivity words and a medical ontology to evaluate the factual
ontent of medical social media.

As in general sentiment analysis, existing approaches to senti-
ent analysis from medical web data are either machine-learning

ased [22,23] or rule-based [24]. Most of the work focuses on polar-
ty classification. Xia et al. introduced a multi-step approach to
atient opinion classification [23]. Their approach determines the
opic and the polarity expressed towards it. An F-measure of around
.67 was reported. Sokolova et al. tested several classifiers includ-

ng naive Bayes, decision trees and support vector machines for the
entiment classification of tweets [25]. Texts were represented as
ags of words. Two classification tasks were considered: three-class
positive, negative and neutral) and two-class (positive, negative).

he best F-measure of 0.69 was achieved with an SVM classifier.

The work by Biyani et al. [26] focused on determining the polar-
ty of sentiments expressed by users in online health communities.

ore specifically, they performed sentiment classification of user

2 http://icon.shef.ac.uk/Moby/ (accessed 09.02.15).
ce in Medicine 64 (2015) 17–27

posts in an online cancer support community (cancer survivors net-
work) by exploiting domain-dependent and domain-independent
sentiment features as the two  complementary views of a post and
exploit them for post-classification in a semi-supervised setting
employing a co-training algorithm. This work was  later extended
with features derived from a dynamic sentiment lexicon, whereas
the previous work used a general sentiment lexicon to extract fea-
tures [27].

Smith et al. [28] studied another aspect of sentiment in patient
feedback, namely discourse functions such as expressive and per-
suasive. A classifier was  evaluated based on a patient feedback
corpus from NHS Choices.3 The results illustrate that the multi-
nomial naive Bayes classifier with frequency-based features can
achieve the best accuracy (83.53%). Further, the results showed
that a classification model trained solely on an expressive corpus
can be directly applied to the persuasive corpus and achieve a com-
parable performance as the training based on the corpus with the
same discourse function. Another interesting application of senti-
ment analysis was presented by Sharif et al. [29]. Their framework
extracts important semantic, sentiment and affect cues for detec-
ting adverse drug events reported by patients in medical blogs. This
approach is able to reflect the experiences of people when they dis-
cuss adverse drug reactions as well as the severity and emotional
impact of their experiences.

Na et al. [24] presented a rule-based linguistic approach for
the sentiment classification of drug reviews. They used existing
resources for sentiment analysis, namely SentiWordNet and the
Subjectivity Lexicon [14], and came up with linguistic rules for
classification. Their approach achieved an F-measure of 0.79.

Additional work has tackled the detection and analysis of
emotion in medical web documents. Sokolova and Bobicev [30]
considered the categories encouragement (e.g. hope, happiness),
gratitude (e.g. thankfulness), confusion (e.g. worry, concern, doubt),
facts, and facts+encouragement.  They used the affective lexicon
WordNetAffect [15] for the emotion analysis of forum entries and
achieved with a naive Bayes classifier an F-measure of 0.518. Melzi
et al. [31] applied an SVM classifier on a feature set comprising uni-
grams, bigrams and specific attributes to classify sentences into one
of six emotion categories.

3.3.2. Sentiment analysis from biomedical literature
In addition to medical social media data, biomedical litera-

ture has been analysed with respect to the outcome of a medical
treatment. In this context, sentiment refers to the outcome of a
treatment or intervention. Four classes were considered in exist-
ing work: positive, negative, neutral outcome and no outcome [32].
Niu et al. exploited a supervised method to classify the (outcome)
polarity at sentence level. Unigrams, bigrams, change phrases and
negations and categories were employed as features. According to
the results, the algorithm’s accuracy was improved by the usage of
category information and context information derived from a med-
ical terminology, the unified medical language system (UMLS4).

Sarker et al. developed a new feature called the relative aver-
age negation count (RANC) to calculate polarity with respect to the
number and position of the negations [33]. This count suggests that
a larger total number of negations reflects a negative outcome. The
experimental corpus was collected from medical research papers,
which are related to the practice of evidence-based medicine. An N-

gram feature set with RANC exploited by an SVM classifier achieved
an accuracy of 74.9%.

3 http://nhs.uk (accessed 08.02.15).
4 http://www.nlm.nih.gov/research/umls/ (accessed 08.02.15).

http://icon.shef.ac.uk/Moby/
http://icon.shef.ac.uk/Moby/
http://icon.shef.ac.uk/Moby/
http://icon.shef.ac.uk/Moby/
http://icon.shef.ac.uk/Moby/
http://icon.shef.ac.uk/Moby/
http://icon.shef.ac.uk/Moby/
http://nhs.uk
http://nhs.uk
http://nhs.uk
http://www.nlm.nih.gov/research/umls/
http://www.nlm.nih.gov/research/umls/
http://www.nlm.nih.gov/research/umls/
http://www.nlm.nih.gov/research/umls/
http://www.nlm.nih.gov/research/umls/
http://www.nlm.nih.gov/research/umls/
http://www.nlm.nih.gov/research/umls/
http://www.nlm.nih.gov/research/umls/


elligen

3

t
c
n
m
a
t
e

e
m
q
e
s
e
i
t
s

3

m
l
a
h
r
r
r
a
e
t
a
s
t
c
s
H
n
s
o
r

4

t
t
p

4

s
m
p
d
M
D
p

K. Denecke, Y. Deng / Artificial Int

.3.3. Sentiment analysis from other medical texts
Some researchers concentrated on additional sources of medical

exts to apply sentiment analysis or emotion detection methods. A
omprehensive shared task of sentiment analysis based on suicide
otes was addressed in an i2b2 challenge [34]. The best perfor-
ance of an F1 measure of 0.61 was achieved with an SVM classifier

nd pattern matching. However, only some of the participating
eams of the challenge have published the details of their feature
ngineering and selection of algorithms.

Cambria et al. [35] introduced Sentic PROMs, a concept where
motion analysis methods were integrated into a framework to
easure healthcare quality. In a questionnaire, patients answered

uestions regarding their health status. From the free text entered,
motion terms such as “happy” and “sad” were detected using the
emantic resources ConceptNet [36] and WordNet-Affect [15]. The
xtractions were assigned to one of 24 affective clusters follow-
ng the concept of hourglass of emotions [37]. This concept presents
he affective common sense knowledge in terms of a vector, which
hows the location in the affective space.

.4. Summary of medical opinion mining approaches

In summary, existing methods for sentiment analysis in the
edical domain focus on processing web content or biomedical

iterature. The clinical narratives which are used to record the
ctivities and observations of physicians as well as patient records
ave not yet been analysed in this context. In terms of methods,
ule-based approaches are presented, but the majority of papers
eports on machine-learning methods (SVM [34], naive Bayes [25],
egression tree) using features such as parts of speech and uni-, bi-
nd trigrams. Although general sentiment lexicons are exploited,
xperiments showed that they are not well suited for capturing
he meanings in medical texts. In contrast to “normal” sentiment
nalysis, additional domain-specific features have been explored in
ome approaches, mainly UMLS concepts reflecting medical condi-
ions and treatments. The main tasks considered have been polarity
lassification, but new tasks are emerging including outcome clas-
ification, information content classification or emotion analysis.
owever, the existing work on medical sentiment analysis does
ot cover all facets of sentiment analysis described in Section 2. In
ummary, there is still a huge potential for future research. We  will
utline the main challenges in Section 5. Table 2 summarizes the
elated work in medical sentiment analysis.

. Sentiments in medical texts: a quantitative analysis

This section describes the quantitative analysis we performed
o study sentiment expressions in medical texts. First, we describe
he data material and method. Afterwards, the analysis results are
resented.

.1. Method and datasets

The purpose of our analysis is to analyse the language and
entiment expressions in clinical narratives and medical social
edia. For this purpose, we created a domain-specific corpus com-

rising clinical documents (nurse letters, radiology reports and
ischarge summaries). These documents were collected from the

IMIC  II Database.5 Additionally, we collected drug reviews from
rugRatingz.com6 and medical blogs from WebMD.7 Both sources
rovide the medical social media corpus. For comparison reasons,

5 http://www.physionet.org/ (accessed 28.10.14).
6 http://www.drugratingz.com/ (accessed 20.07.14).
7 http://www.webmd.com/ (accessed 05.11.14).
ce in Medicine 64 (2015) 17–27 21

we also considered technical interviews downloaded from the
website Slashdot.8 We  chose this particular dataset from the tech-
nical domain since it belongs to the category of user-generated,
subjective content. Given the technical topics, we expected a cer-
tain similarity to clinical narratives. One thousand entries were
gathered from each data source to perform the experiment. Each
document contained 500 words on average. In the following, the
document categories are described in more detail.

Nurse letter: A nurse letter is part of a patient record, which is
written by nurses on duty. Its content comprises observations by
the nurses while monitoring patients. It therefore contains infor-
mation on the patient’s response to treatment and their health
status. It is written in a relatively subjective manner in compari-
son to other clinical narratives. Acronyms and typing errors appear
very often in nurse letters due to the time pressure in the daily work
of nurses.

Radiological report: A radiological report is mainly used to
inform the treating physician about the findings of a radiological
examination. It usually starts with an anamnesis, which is followed
by a description of the region of interest and of observations on the
inspected items. The text contains judgements and observations
made during the examination.

Discharge summary: A discharge summary includes all the
important aspects of a patient’s hospital stay. It normally starts with
the patient information and medical history, which is followed by
the diagnosis and applied medical interventions. Prescribed drugs,
conclusion of the treatment process as well as suggestions for fur-
ther treatment constitute the last part of the summary.

Drug reviews: In drug reviews, users can anonymously rate
drugs with respect to several categories including effectiveness,
side effects, convenience and value. Additionally, users can post
and read comments. These comments, dealing with symptoms and
side effects, provided the dataset for our analysis while the ratings
remained unconsidered. Drugratingz.com is part of a family of web-
sites dedicated to helping consumers in finding the best businesses,
destinations, and services by sharing ratings and reviews.

MedBlogs: The blog posts in our dataset (referred to as “Med-
Blog” in the remainder of this paper) are collected from the WebMD
webpage. WebMD  provides health information and forums on its
website. The blogs are maintained by physicians to facilitate the dis-
semination of medical knowledge and provide advice. blog postings
from that page.

Slashdot interviews: Slashdot is a technology-related weblog,
which covers different technical topics. Users express their opin-
ions on certain topics. We  chose the technical interviews as the
benchmark instead of movie or product review since technical
interviews also contain a relatively large amount of domain-specific
terminology.

Within a quantitative comparison, we analysed and compared
the word usage of the six text types. The MedBlogs, Slashdot inter-
views and the drug reviews are typical user-generated content. We
expected these three corpora to contain a large amount of senti-
ment terms and subjective expressions, while the clinical narratives
were expected to be written more objectively with fewer opinion-
ated terms and more clinical terminology. However, the question
is whether the terminology and word usage are really distributed
as expected. To what extent do the corpora differ with respect to
linguistic characteristics? Recalling our initial research questions,
we also need to answer whether existing sentiment lexicons can

provide the basis for analysing judgements and sentiments in clin-
ical narratives.

8 http://slashdot.org (accessed 20.07.14).

http://www.physionet.org/
http://www.physionet.org/
http://www.physionet.org/
http://www.physionet.org/
http://www.physionet.org/
http://www.drugratingz.com/
http://www.drugratingz.com/
http://www.drugratingz.com/
http://www.drugratingz.com/
http://www.drugratingz.com/
http://www.webmd.com/
http://www.webmd.com/
http://www.webmd.com/
http://www.webmd.com/
http://www.webmd.com/
http://slashdot.org
http://slashdot.org
http://slashdot.org
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Table 2
Summary of sentiment analysis work in the domain of medicine.

Textual source Paper Task Method Level Resource Application

Blogs Denecke [21] Information
content

Logistic regression Document SentiWordNet,
UMLS

Quality of social media

Blogs  Xia et al. [23] Polarity Multinomial naive
Bayes classification

Topic – Patient opinion mining

Blogs  Sharif et al. [29] Polarity K-means clustering Document SentiWordNet Detecting adverse drug
events

Tweets Sokolova et al. [25] Polarity Naive Bayes,
decision trees,
k-nearest neighbor,
SVM

Document – Mining personal health
information

Forums Biyani et al.[26] Polarity Co-training
algorithm

Document Adapted SL,
Wikipedia

Analysing emotional
effects

Forums Tanveer et al. [22] Polarity Naive Bayes, SVM,
logistic regression

Sentence SL Categorization

Forums Sokolova and Bobicev [30] Emotion Naive
Bayes,k-nearest
neighbor

Document WordNet Affect Studying sentiments in
forums

Forums Melzi et al. [31] Emotion SVM Document EmoLex[16] Patient knowledge
retrieval

Drug  reviews Na et al.[24] Polarity Rule-based
linguistic

Aspect (overall
opinion,
effectiveness, side
effects, condition,
cost, dosage)

SentiWordNet,
SL, UMLS

Drug opinion mining

Suicide  notes Pestian et al. [34] Emotion Supervised
learning

Token and
sentence

– Emotion analysis

Questionnaires Cambria et al. [35] Emotion Rule-based and
clustering

Document ConceptNet,
WordNet Affect

Measuring healthcare
quality

Questionnaires Smith et al.[28] Polarity Naive Bayes, SVM Document – Sentiment classification,
determining relevance of
discourse function

Biomedical literature Niu et al. [32] Outcome SVM Document UMLS Determining clinical
outcome
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Fig. 2. Quantitative assessment of parts of speech in the six corpora.

To address these questions, an extraction pipeline was built to
uantify parts of speech, to determine their occurrence frequency,
nd to calculate term matches with sentiment lexicons. The Penn
ree POS-tagger,9 the Subjectivity Lexicon [14] (containing 8221
ingle-term subjective expressions) and SentiWordNet (117,659
ingle terms) were used for this purpose.

.2. Results of the quantitative assessment

In Fig. 2, for each text source the proportions of nouns, adjec-
ives, verbs, adverbs and stop words are illustrated. Furthermore,
ig. 3 shows the percentage of sentiment terms extracted using
ictionary-lookup in the aforementioned sentiment lexicons (SWN
nd SL). The six text sources are evidently different in terms of ter-

inology usage and content. A more detailed discussion per word

lass follows.

9 http://www.cis.upenn.edu/∼treebank/ (accessed 20.04.14).
Fig. 3. Quantitative assessment of sentiment terms in the six corpora.

4.2.1. Nouns
Compared to the other word classes, nouns are the most

frequently used parts of speech in all datasets. Strikingly, the
percentage of nouns in clinical documents (e.g. radiology reports
(42.9%) and discharge summaries (48%)) is clearly higher than in
the other text sources (e.g. in interviews (23.7%) or drug reviews
(21%)). The reason is that medical facts are described in clinical
narratives in a very compact manner using a “nominal” style (e.g.
names of diseases, symptoms, medication and treatment are listed).
They summarize facts whereas the other document types are rather
observational. In drug reviews, the number of nouns is particularly
low. This is because mainly impressions and feelings are expressed

in these reviews. Interestingly, the number of nouns in the Med-
Blog dataset is also quite high (34%) compared to the other social
media datasets.

http://www.cis.upenn.edu/~treebank/
http://www.cis.upenn.edu/~treebank/
http://www.cis.upenn.edu/~treebank/
http://www.cis.upenn.edu/~treebank/
http://www.cis.upenn.edu/~treebank/
http://www.cis.upenn.edu/~treebank/
http://www.cis.upenn.edu/~treebank/
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.2.2. Adjectives
Another interesting finding is that the clinical narratives and

exts from medical blogs contain a substantial amount of adjectives
9–12% of the terms). In contrast, adjectives occur less frequently in
he interview corpus and in drug reviews. Through manual inspec-
ion, we noted that the adjectives used in clinical narratives and

edBlogs are mainly related to body locations, such as “left” side,
right” side, “vertical”, “dorsal” and “cervical”. Instead of emotion
r attitude, they express anatomical concepts and relative locations
n the body.

.2.3. Adverbs and verbs
With respect to verbs, we can recognize with the exception of

ischarge summaries, between 10% and 14% of the terms are verbs.
n discharge summaries, significantly fewer verbs were identified.
his again reflects the fact that discharge summaries are written in

 more nominal style listing facts, while the other text types also
eport actions and behaviours. The number of adverbs is very low
or all datasets.

.2.4. Stop words
Interestingly, the proportion of stop words is very large in the

ocial media datasets with 51% in the drug reviews, 36% in the
edBlogs and as high as 53% in the interview dataset. In contrast,

he nurse letters, radiology reports and discharge summary con-
ain 18%, 20% and 14% stop words, respectively. This demonstrates
hat the clinical documents are clearly written in a much more con-
ise way, focusing on facts and resisting on the use of meaningless
ords.

.2.5. Sentiment terms
The analysis of term matches with the two sentiment lexicons

SL, SWN) shows similar trends for both lexicons (see Fig. 3): the
rug reviews contain the highest proportion of sentiment terms
ith 11.6% (SL) and 15.3% (SWN), followed by the MedBlog with

.7% (SL) and 14.2% (SWN). In contrast, far fewer words in the
adiology reports and in the discharge summaries match the SL
nd SWN. This confirms the more subjective language in social
edia datasets. Differences are even to be seen between the clini-

al narratives: nurse letters contain more opinionated terms than
he other two clinical datasets. They are written more subjectively
han radiology reports, but still more objectively than the social

edia data. This result confirms our initial hypothesis that nurse
etters are more subjectively written than other clinical narratives.
fter manually reviewing the text material, we noted that the sen-

iments expressed in nurse letters are normally implicit and appear
ogether with the description of the patient’s health status, or the
ocial records for the visitors of patients. Opinionated terms and
xpressions such as suspicion, negation, approval or recommenda-
ions can mainly be found in radiology reports in the conclusion
ection or impression part at the end of the whole report. In con-
rast, sentiment terms are distributed throughout the text in the
ocial media datasets.

Another interesting result is that the two  lexicons evidently
ave different coverage. Far more sentiment terms were identified
y applying SWN. To investigate the identified sentiment terms,
e determined the proportion of adjectives and nouns that were

xtracted as sentiment terms by applying both lexicons. Second,
e identified the top 10 frequent terms per lexicon and corpus

see appendix) to judge their concrete content.
Through these statistics, we learned that matches with Sen-

iWordNet occur frequently with nouns: around 17–47% of the

entiment term matches with SWN  are nouns whereas only 7–14%
f the matches with SL are nouns. The top frequent terms confirmed
gain that SWN  already covers a certain amount of medical terms,
ontrasting with the SL result. For instance, in the radiology reports,
ce in Medicine 64 (2015) 17–27 23

nouns such as “pneumothorax” and “artery” were identified as
sentiment terms when using SWN. Terms frequently extracted
using the SL included adjectives such as “significant” and “well”. In
addition, frequent matches with SWN  were adjectives describing
anatomical locations such as “bilateral”, “upper”,“subclavian” and
“inferior”. Analysis using the SL did not recognized these terms. We
conclude that SWN  matches more terms in the medical documents.
However, the result sets also contain many objective terms. This is
in contrast to matches recognized using the SL, where only subjec-
tive terms are included and therefore extracted. Moreover, the top
frequency term statistics also indicated that the polarity of certain
adjectives needs to be adapted before application to clinical doc-
uments. For example, the terms “patient”, “normal”, and “patent”
have a different polarity in SWN  than expected.

Additionally, we studied the proportions of positive and neg-
ative terms that are identified by applying the two  lexicons (see
Table 3). Both lexicons show very different trends:

• Much fewer sentiment terms are detected using SL
• While clinical narratives contain more positive terms when

applying the SL, the trend is reversed when using SWN

More specifically, in radiology reports, we identified 61% pos-
itive terms (using SL) that were used to describe the findings,
while the nurse letters used 58% positive terms to represent the
patient’s status. This again confirms the hypothesis that medical
practitioners are more likely to express negative things in a sub-
tle, implicit manner whereas the vocabulary used in drug reviews
and MedBlog is normally incisive and straightforward (meaning
that many negative terms are contained). In contrast, a more
balanced percentage of positive and negative terms was found
in medical narratives when using SentiWordNet. In conclusion,
none of the two  lexicons seems ideal for analysing sentiment in
medical documents. We  will discuss this challenge in the next
section.

5. The future of sentiment analysis in medicine

In this section, research aspects to be considered in future are
summarized that were derived from the analysis presented in the
section before. Beyond, we outline possible application areas of
sentiment analysis in medicine to indicate the potentials of that
research field for the future.

5.1. Research aspects

5.1.1. Domain-specific sentiment source
The application of the two  sentiment lexicons to the datasets

did indeed show that sentiment terms can be found in clinical nar-
ratives. However, we  noted that terms such as right or patient are
identified as polarity terms due to their semantic ambiguity. In the
medical context, these terms are used objectively. Moreover, the
sentiment lexicon SentiWordNet also matched many nouns which
are labelled objective. SL originates from social media sources. It
contains basic sentiment terms whereas SWN  was  built on Word-
Net synsets. Its coverage of terminology has already been proved
by its larger recall compared to SL. In order to constitute a suitable
lexicon with high precision for the medical domain, more context
and domain knowledge should be considered to reduce ambigu-
ity during the matching process. Due to different language use,
and the more objective style of writing in the clinical narratives,

the conventional sentiment lexicons need to be adapted to cope
with these peculiarities of medical narratives. Consider the word
“positive”. In clinical language, this term is often employed differ-
ently from our normal usage. A “positive finding” often has negative
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Table 3
Percentage of sentiment terms (positive and negative) extracted from the six sources using SL and SWN.

Sources Subjectivity lexicon SentiWordNet

Positive Negative Total Positive Negative Total

Radiology report 61% 39% 5% 46% 53% 10.8%
Nurse letter 58% 42% 8% 51% 49% 11.6%
Discharge summary 52% 48% 6% 48% 52% 11.3%
Interview 52% 48% 8% 56% 44% 13%
Drug  review 48% 52% 12% 46% 54% 15.3%
MedBlog  51% 49% 10% 56% 43% 14%
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mplications for a patient (e.g. a positive HIV test means that the
atient is infected with HIV). Furthermore, the ambiguity and pol-
semy in the medical sphere are different to the normal domain.
dditionally, the implicit aspects of polarity for medical terminol-
gy need to be considered (see Section 5.1.3).

The results showed that clinical documents are low in “classi-
al” opinionated terms such as adjectives, and that instead nouns
redominate. In order to address this challenge, resources need to
e developed that link medical conditions to sentiment or their
espective judgements. Such a domain-specific resource could be
reated based on a fundamental medical ontology, enriched with
olarity information and the corresponding inference approaches
or concept dependency. Context could also be learned from train-
ng material. Our idea is to build a domain-specific lexicon based on
oncepts of the UMLS, i.e. assigning polarity values to UMLS con-
epts and extending SentiWordNet with respect to domain-specific
olarity in particular for nouns in the medical domain. We  have
lready organized a small annotated dataset.

.1.2. Level of analysis
Given the multiple notions of sentiment presented in Section 2,

t becomes clear that the level of analysis needs to be carefully
elected. In general, sentiments can be studied at document, sen-
ence or topic level. For sentiment analysis from clinical narratives,
opic- or aspect-level sentiment analysis should be chosen. A clin-
cal document summarizes plenty of information on the health
tatus of a patient; it needs not be restricted to one single topic.
uthors of clinical documents express their attitudes and obser-
ations with respect to certain body parts or medical conditions
f one patient at sentence level. Interpretation of sentiment and
udgements in medical sentiment analysis also requires consid-
ration of the context (which means sometimes looking beyond
ocument boundaries). The particular challenge that goes beyond
xisting research on topic- or aspect-level sentiment analysis, is
hat a domain-specific knowledge base needs to be incorporated
hat supports the aggregation of these aspects. For example, prob-
ems with a stomach might be described with multiple symptoms:
iarrhoea, abdominal pain, nausea.  Background knowledge is nec-
ssary, to realize that these symptoms belong to the same medical
ondition.

Additionally, the sentiment categories need to be carefully
elected depending on the sentiment notion under consideration.
he concrete patient status implied by medical conditions cannot
imply be judged as positive, negative or neutral. For example,

 disease may  not be fatal for the patient but may  still be very
ainful. Is this positive or negative? Some other disease may  not
ause any pain to the patient, yet still be urgent and severe. In
rder to represent these situations, more detailed aspects should

e given instead of conventional polarity (positive or negative). In
articular, when we are considering medical conditions, aspects of
entiment include presence, certainty and severity (see Section 2).
ew categories of sentiment need to be specified.
5.1.3. Explicit and implicit sentiments
Our analysis confirmed that clinical narratives differ from social

media data in terms of word usage. In contrast to sentiments in non-
medical social media, where opinion and polarity are manifested
in corresponding words (mainly adjectives), in clinical narratives
sentiment is often contained implicitly and needs to be inferred for
instance from the medical concepts used in documents. Implicit
descriptions of the health status mention critical symptoms (e.g.
severe pain, extreme weight loss, high blood pressure). An explicit
description of the health status is reflected in phrases such as the
patient recovered well or normal.  In particular, the outcome of a
treatment can often only be derived from the described effects
of a treatment on a medical condition. For example, a statement
that a medical condition improved allows the conclusion to be
drawn that the treatment had a positive outcome. This impacts
the necessary analysis methods. More knowledge-relevant and
context-dependent features need to be chosen to cope with the
characteristics of text in the medical domain.

We learned from analysing the clinical narratives, that health
status information is described in a very subtle manner by physi-
cians in clinical narratives. Medical language usage is more implicit
and conservative to avoid misunderstandings and disputes. Analy-
sis of these subtle sentiments is similar to the analysis of metaphor
and sarcasm in texts. Corresponding methods should be analysed
and tested.

5.1.4. Summary
In summary, the following research challenges need to be

addressed when analysing clinical narratives with respect to sen-
timent:

• Modelling of implicit clinical context and determining implicit
sentiment

• Building upon a domain-specific sentiment lexicon
• Determining sentiment depending on the contexts
• Modelling different aspects of the patient’s status

Additional aspects include determining the opinion-holder and
considering time. During treatment, the health status is supposed
to improve, but can also worsen; an operation could start normally,
but then become critical. For this reason, medical sentiment should
also be considered over time. Time is provided by document time
stamps or sometimes in the documents themselves, or clinical data
could be sorted according to treatment phases. As already shown in
other studies, negations are used very frequently in clinical narra-

tives. In sentiment analysis, it is crucial to identify negations since
polarity may  be reversed (e.g. in no complaints of pain when asked).
Existing algorithms such as NegFinder [38] or NegEx [39] can be
exploited for this purpose.
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Uncertainty, attitudes and implicit sentiment could be collected
ig. 4. Application of sentiment analysis to generate a health status graph. The lines
how the status of each medical condition.

.2. Application areas

Sentiment analysis can be applied in the medical domain in mul-
iple ways. Most of the related work concentrated on processing

edical web documents. Reported applications include:

Mining and retrieving personal health information and opinions
[31,24,22,25,23]
Measuring quality of document content or of healthcare interac-
tions [21,35]
Analysing emotions and studying emotional effects [34,30,26]
Determining clinical outcome [32]
Detecting adverse drug events [29]

Mining and retrieving health information and opinions as well
s determining clinical outcome are applications that are also rel-
vant when performing sentiment analysis of clinical narratives.
owever, additional applications are possible. A few examples are
resented below.

Health status aggregation. For physicians, sentiment analysis
esults can be used to identify and summarize the health status
f a patient and its development over time in general or for specific
edical conditions (see Fig. 4). By extracting and aggregating the

ttitudes and intentions expressed in clinical narratives from all
he cooperating physicians an overall status from different medi-
al perspectives can be illustrated based on the extracted opinions.
hysicians diagnose the status of the patient progressively through
xaminations, observations and discussions with others. Each step
eflects one aspect of the patient’s status. Recovering the status
nformation and personal perceptions of individual health carers
s necessary to reconstruct the entire status of the patient, since it
rovides the connection between treatment, and the transition of
reatments as well as the outcomes.

To demonstrate this usage, consider a patient with a long-
erm medical condition such as diabetes. From time to time,
dditional medical conditions related to diabetes occur. Multiple
hysicians are involved in treatment. However, the general prac-
itioner receives clinical summaries from the other colleagues and
eeds to aggregate this information. Sentiment analysis methods
ould be applied to generate a curve over time showing the patient’s
ealth status as a whole. Information could also be plotted for indi-
idual medical conditions that have occurred for some time and
een treated. Updated by changes to their medication (including
osage) as well as any surgery or other treatment carried out, a
raph like this could provide an initial overview of the patient’s

urrent status and the development of their health. In this way,
ecision-making can take into account the patient’s overall status
econstructed from the “wisdom of crowds” scattered in multiple
linical narratives.
ce in Medicine 64 (2015) 17–27 25

Similarly, a graph like this could also help patients monitor their
own health. When such a graph is generated from patient question-
naires or online diaries, information can be compared to clinical
information to see whether the clinical impression matches the
patient’s perceptions.

Quality assessment. Sentiment analysis could be used to collect
statistical information on the outcome of treatments in response
to a medical condition to improve clinical decision-making and
quality management. For example, it would enable analysis of
how often a certain complication or critical event occurs follow-
ing a specific treatment. Thus, for a hospital manager and resource
planner, sentiment analysis results can provide a basic quan-
titative parameter based on different medical narratives which
can be used as a reference for quality assessment, planning and
scheduling.

Furthermore, consider patients in palliative (end-of-life) care:
They require not only anaesthetic treatment to eliminate the symp-
toms and pain, but also the mental support of practitioners and
comfort from social connections. Patient’s feedback in the pallia-
tive ward is crucial to assess the effectiveness of the treatment.
Based on the feedback from patients reflected in nurse notes, dif-
ferent aspects of treatment can be evaluated and therapy adjusted
accordingly.

Outcome research. For researchers, sentiment analysis methods
can be employed to extract and classify the outcome of different
types of medical treatment and learn about their effectiveness.
This would facilitate the labour-intensive user studies of treatment.
Furthermore, sentiment analysis could be harnessed to perform
a retrospective analysis of treatment processes and outcome
research. Information about treatment outcome is captured in clin-
ical documents and biomedical literature. An automatic analysis of
patient records with respect to sentiment could help in learning
more about outcomes and influence factors of diseases and treat-
ments. Considering the individual patient’s treatment, sentiment
analysis methods could support in the collection of information
about the patient’s health status, or the detection of critical
events that occurred during treatment. For example, information
on problems such as severe haemorrhaging could be extracted from
operation records. Such information might be relevant in surgical
planning. Moreover, decisions on follow-up treatment should also
take into consideration any problems occurring during an interven-
tion.

Sentiment analysis could be employed to gain insights from
both medical social media and clinical documents regarding the
effectiveness of a treatment or medication. Social media provide
an additional source of information previously unconsidered. They
offer the opportunity to learn from patients’ experiences since they
describe their personal perceptions of types of treatment in social
media such as drug reviews. This information augments the more
implicitly described information on effectiveness in clinical narra-
tives and biomedical literature.

6. Conclusion

This paper introduced the multiple facets of sentiment in the
context of medicine and outlined areas of future research in med-
ical sentiment analysis. While existing work in sentiment analysis
from medical texts considered medical social media and biomed-
ical literature, future research should also target the processing of
clinical documents. This analysis could be used for many purposes.
and taken into account in clinical decision-making. The first steps
towards sentiment analysis solutions could be the construction of a
domain-specific sentiment lexicon and the development of meth-
ods that allow sentiment to be judged depending on the context.
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ppendix A. Subjectivity lexicon: Top 10 frequent terms in
escending order

Radiology report: right, impression, left, normal, well, advanced,
effusion, free,fracture, stable
Discharge summary: right, blood, stable, normal, care, illness,
pain, invasive, complaint, pertinent
Nurse letter: care, will, clear, vent, stable, pain, right, well, sup-
port, intact
Drug review: like, will, want, right, even, good, game, need, well,
better
MedBlog: risk, help, need, less, disease, like, heart, better, cancer,
care
Interview: like, will, want, right, good, need, well, better, down,
sure

ppendix B. SentiWordNet: Top 10 frequent terms in
escending order

Radiology report: left, artery, contrast, man, patient, small, nor-
mal, subclavian, internal, pneumothorax
Discharge summary: patient, day, pain, left, normal, artery, sta-
ble, disease, discharge, edema
Nurse letter: clear, pain, yellow, thick, care, shift, small, follow,
good, lasix
Drug review: pain, day, medicine, effects, life, feel, anxiety, med-
ication, time, night
MedBlog: risk, cancer, disease, heart, health, time, pain, high,
treatment, brain
Interview: game, make, good, time, point, question, work, prob-
lem, violent, system
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