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Motivation and Research Focus

}

End goal is to supporvidence based medicine
through improving access to high quality medical content

Methodology Is to build machine learning models to filter
the primary literature and the world wide web for the
highest guality documents In pre-specifieccontent
categoriesand according taser queries

Comparisons to citation analysis and statd-the-art
search engines

Multi-modalevaluation of the resulting search
technology.




Conceptual Overview of Core
Model Building & Evaluation



Basic Framework o Text Categorization

Unseen —
Examples | —
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Gold Standard Construction



Gold Standard for Quality and Content

A Leverage published meta
JOURNAL CLUE journa|3_

IIIIIIIIIIIIIIIIIIIIIIII

B8~ AApply Explicit Criteria for
S :?.___-'- ; InCIUSiOn.

. i -
ol e b R
== =
= e 2 e e
g
g
" - Fonnncin M
[y [ -
- Y TR
LI o |
e
B w e =
r - -
mmm e Taas ==
= ) —
= ) p— -
. T
-
T L= 1
- e
N T
- ey
=
e e
= Pomin it
[ S ——— =
o
e e P ™ o e e
-
s -
-
[ DSy



Treatment Selection Criteria

} The treatment criteriaa ACP journal club
oOoRandom all ocation of partic
080% foll ow up of those ente
OOutcome of known or probabl

Purpose and Proc. ACP Journal, 1999. 131(1): p. A15.



Etiology Selection Criteria

+ In studies of etiology, good design is:

exploration of the relation between exposures and putative clinical
outcomes.

prospective data collection with clearly identified comparison groups for
those at risk for the outcome of interest (in descending order of
preference from randomized controlled trial, guaiandomized

controlled trial, nonrandomized controlled trial, cohort studies with
caseby-case matching or statistical adjustment to create comparable
groups, to nested caseontrol studies.

masking of observers of outcomes to exposures (criterion assumed to
be met if outcome is objective, i.e.-alluse mortality, objective test).

Purpose and Proc. ACP Journal, 1999. 131(1): p. A15.



Diagnosis Selection Criteria

}

Inclusion of a spectrum of participants, some but not all of whom have the
disorder or derangement of interest.

objective diagnostic ("gold") standard (e.g., laboratory test not requiring
Interpretation) OR current clinical standard for diagnosis (e.g., a venogram
for deep venous thrombosis), preferably with documentation of
reproducible criteria for subjectively interpreted diagnostic standard (i.e.,
report of statistically significant measure of agreement beyond chance
among observers).

each participant must receive both the new test and some form of the
diagnostic standard.

Interpretation of diagnostic standard without knowledge of test result.
Interpretation of test without knowledge of diagnostic standard result.



Prognosis Selection Criteria

} Inception cohort of individuals, all initially free of the
outcome of interest.

1 follow-up of at least 80% of patients until the occurrence
of a major study endpoint or to the end of the study.



Journals Selected to Build Corpora.

T
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Age and ageing

AMERICAN JOURNAL OEARDIOLOGY
AMERICAN JOURNAL OF EPIDEMIOLOGY
AMERICAN JOURNAL OBGASTROENTEROLOGY
AMERICAN JOURNAL OF MEDICINE
AMERICAN JOURNAL OF PUBLIC HEALTH

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE

MEDICINE

ANNALS OFEMERGENCY MEDICINE

ANNALS OFINTERNAL MEDICINE

ANNALS OF MEDICINE

ARCHIVES OF FAMILY MEDICINE

ARCHIVES OF INTERNAL MEDICINE
ARCHIVES ONEUROLOGY

ARTHRITIS ANDRHEUMATISM

BRITISH MEDICAL JOURNAL

BRITISH JOURNAL OF GENERAL PRACTICE
CANADIAN MEDICAL ASSOCIATION JOURNAL
CANADIAN JOURNAL OF CARDIOLOGY
CANADIAN JOURNAL OF GASTROENTEROLOGY
Chest

Circulation

CLINICAL AND INVESTIGATIVE MEDICINE
CRITICAL CARE MEDICINE

Diabetes Care

Gastroenterology

}
}
}
}
}
}
}

R L S
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Gut

Heart

Hypertension

J Am Board Family Practice

JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY

JOURNAL OF THE AMERICARBERIATRICS SOCIETY

JOURNAL OF THE AMERICAN MEDICAL INFORMATICS
ASSOCIATION

JOURNAL OF CLINICAL EPIDEMIOLOGY
JOURNAL OF FAMILY PRACTICE

JOURNAL OF GENERAL INTERNAL MEDICINE
JOURNAL OANFECTIOUS DISEASES
JOURNAL OF INTERNAL MEDICINE

JOURNAL ORNEUROLOGY NEUROSURGERY AND
PSYCHIATRY

JOURNAL OF THE AMERICAN MEDICAL ASSOCIATION
Lancet

MEDICAL CARE

MEDICAL JOURNAL OF AUSTRALIA

NEW ENGLAND JOURNAL OF MEDICINE

Neurology

Pain

Spine

Stroke

Thorax



Building Corpus 1
Treatment and Etiology Categories

\ \ 12/2000
8/1998 9/1999

Downloaded all articles from the journals
In the publication time period.

Review ACP Journal from 8/1998 to
12/2000 for articles that are cited by the



Building Corpus 2
Prognosis and Diagnosis Categories

8/1998 99

PRV

\ \ 12/2001
8/1998 8/2000

Lengthened the publication time period.

Lengthened the journal time period.



ACP Journal Club Corpus

Treatment | Etiology | Diagnosis | Prognhosis

Corpus Used Corpus 1 Corpus 1 Corpus 2 Corpus 2

Positive Articles 379 205 102 74

Negative Articles 15407 15581 34864 34836
2.5% 1.3% 0.3% 0.2%



Converting documents to
components



A Representation for the Examples

[ 11: I Infect Dis. 2002 War 1;185(5):650-6. Epub 2002 Feb 14, Felgted Aticles, Links

The University of
—Chicago Press |
The clinical significance of cerehrospinal fluid levels of kynurenine patlway metabolites and lactaie in severe malaria.

Medana IN, Hien TT, Day NP, Phu NH, Mai NT, Chu'ong LY, Chau TT, Tayler 4, Salahifar H, Stecker B, Smythe G,
Turner GI, Farrar J, White IMJ, Huni IMH.

Huffield Departrnent of Clirdeal Laboratory Sciences, Cuford-Wellcome Centre for Tropical and Infections Diseases

& retrospectve studsrof 261 Vietnamese adults with severe ralaria was conducted to determine the relationship-betureen cerebrospinal
fhuid (CE5FY lewels of raetabolites of the kynurenine pathweay, the incidence of newrologic corplications, and the disease outeoree. Three
metabolites were measured: the excitotoxn gqumolinge acid (Q4); the protectrve receptor antagorast kyrrerde acid (KA and the
proiuflarirnatory mediator picolinge acid (P&). These measurernents were related prospectrvely to C5F lactate levels. Q& and P& levels
were elevated, cormpared with those of controls. There was no difference in the levels of L& between these groups. &lthough =40°% of
malaria patients had Q& C5F concentrations in the micromolar range, there weas no association with corrmilsions or depth of corpa:
Levels of O and P& were associated sigraficantly with death, bt a multreariate analysis suggested that these elevations-were a
consequence of opaired renal fanction, C5F lactate remained an independent and sigraficant predictor of poot outeorae.

Publieation Types:
« Chrueal Tnal
Fandormuzed Controlled Trial

IieSH Terrns:
« Dlalaria, Cerebralicerebrospinal fluid*
« Nlalana, Cerebralidimg therapsy
«  Ilalaria, Cerebraliparasitology

PLIID: 11865422 [Publvled - indexed for MEDLINE]



[C11: T Infect Dis. 2002 Ilar 1;185(5):650-6. Epub 2002 Feb 14, Related Aicles, Links
The University of

title_clinical, title_significant, € Tl ot ks ey b P e

Medana IM, Hien TT, Day NP, Phu NH, Mai NT, Chu'ong LV, Chau TT, Taylor 4, Salahifar H, Stocker R, Smythe G,

Turner GD, Farrar J, White NJ, Hunt NH.

title CerebrospmaL title fluid ot i, ot Gt i s Do

& retrospective study of 2 ¢ adults with severe ralaria was conducted to determine p between cersbrospinal
fhuid (CSF) levels of @@ olites of the kymuenine pathway, the incidence of newologic complizations, and { e outcome, Thee
asnred the exsitotorin guinalinic acid (A}, the protective rceptor antagonist kymurends asid (A¥); and the

distor pisolinic acid (PA). Thess msssurstents wers telsted prospectively to CSF lactate levels. (B and PA lvels
ared with those of controls. There was no difference in the levels of K& between these sroups. ngh =40% of

retrospective, level,
metabolites, malaria, severe

PMID: 265422 [Publvled - indexed for MEDLINE]

pt_Clinical Trial,
pt_Randomized Controlled Trial

mh_Malaria, Cerebral; mh_Malaria,
Cerebral/cerebrospinal fluid,
mh_Malaria, Cerebral/drug therapy



Document Preparation

i 0oThe clinical significeé
Representation
oThed, oclinical 6, o0sI

ocerebrospinal d
Stop word removal

oClinical 6, oSignifice
Porter Stemming (i.e. getting the roots of words)
oClinic*d6, o0Signific?*c

Word encoding

Encoded using a log frequency with
redundancy weighting scheme.



Support Vector Machines



Linear Support Vector Machine

v



Classifying Unseen Examples
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Non-linear Support Vector Machine

Constructed

var, Feature 2

Var
2 Constructed

Q. = Feature 1

Find function ®(x) to map to
a different space




Specific Parameters

1 Linear Kernel
Costo[0.1,0.2,0.4,0.7,0.9,1, 5,10, 20, 100, 1000]

} Polynomial Kernel
Cost parameterd [0.1,0.2,0.4,0.7 0.9, 1,5, 10, 20]
Degree of Kerneb [1,2]

} Costs applied proportional to the priors in the data.



Performance Estimation



Evaluating the Model
10 fold cross validation

__——r

\

15803 T~

articles

10 fold cross
validation to estimate

irain performance and error

validation

test



Model Interpretation



Interpreting Models

MReceive Operating Curves
Mrea Under the Curve

Normal Distributions

0.5

/
/
New /

>\/
\
\

A

\

Old+New

Centor RM.The Use of ROC
Curves and Their Analyses.
Med Decis Making
1991;11(2):10206.

1.0

0.8

P (Hit ?/

Equal-Variance Signal Detection Theory
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TP Rate

Example Recelver Operating Curves

FP Rate

Perfect Separation

Area Under the
Curve ~ 1.0

TP Rate

et

FP Rate

Okay Separation

Area Under the
Curve ~ 0.8

TP Ratz

|||||||||||||||

FP Rate

Random Separation

Area Under the Curve
~0.5
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ACP Journal Club Corpus

Treatment | Etiology | Diagnosis | Prognhosis

Corpus Used Corpus 1 Corpus 1 Corpus 2 Corpus 2

Positive Articles 379 205 102 74

Negative Articles 15407 15581 34864 34836
2.5% 1.3% 0.3% 0.2%



Results d Area under the ROC curve

Category Average AUC Range
over n folds

Treatment 0.97* 0.96- 0.98

Etiology 0.94* 0.8900.95
Prognosis 0.95* 0.920 0.97
Diagnosis 0.95* 0.93-0.98

* - Best results obtained with polynomial support vector machine.

* - P values are not applicable. Statistical comparisons are not
made between categories.



Prospective Validation Design

2005 Corpus

19981999 Corpus

1 Learning Algorithms
ASupport Vector Machines

Labeled




Corpus 3 - 2005 Corpus

\ \ 212006
3/11/2005 8/31/2005

Downloaded all articles from the journals
In the study period.

Review ACP Journal from 7/2005 to 2/2006
for articles that are cited by the ACP.



Corpus Composition

1998-2000 Treatment Etiology Prognosis Diagnosis
Positive 379 205 74 102
Articles
Negative 15407 15581 34864 34836
Articles
2.5% 1.3% 0.2% 0.3%
Treatment Etiology Prognosis Diagnosis
Positive 351 47 30 23
Articles
Negative 6,921 7,601 7,618 7,625
Articles
5.1% 0.6% 0.4% 0.3%




Results d Area Under the Curve

Txmt Diag Prog Etio

O Estimated Performance B 2005 Performance




McMaster Corpus

19,028 articles.

A61 journals covering
surgery, pediatrics,
oncology.

A8 labeled categories.
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1 Learning Algorithms
ASupport Vector Machines

Unseen
Examples







Type Number Category Area Under the
Positives Curve

Rigor
Rigor
Rigor
Rigor
Rigor

Rigor

147
1,587
34

91

190

Etiology
Diagnosis
Treatment
Economics

Clinical Prediction
Guide

Prognosis

0.962
0.982
0.988
0.997
0.985

0.963



Type Number Category Area Under the

Positives Curve
Purpose 3,025 Etiology 0.926
Purpose 1,648 Prognosis 0.942
Purpose 1,119 Diagnosis 0.966
Purpose 8,340 Treatment 0.953
Purpose 300 Cost 0.995
Purpose 238 Economics 0.991
Purpose 232 Clinical Prediction Guide 0.980

Purpose 336 Qualitative 0.997



Conclusions

1 Text categorization methods can learn models of
guality and content using the selected gold standard.

} AphinyanaphongsY, Tsamardinos I, Statnikov A, et al.
Text Categorization Models for High Quality Article
Retrieval in Internal Medicingd Amer Med Inform
Assoc. 2005;12(2):26216.

rAphi nyanaphongs Y, Alilfe
Queri es for Article Qual
2004; San Francisco, CA; 2004.






Clinical Query Filters

> e [T o, - Treatment Sensitive Filter
u e inica ueries P .

b Nucleotide Protein ~ Genom Structure PMEC Taxonomy amin Books ((CI I n I C al [Tltl e / Ab Str act] AN D

Select from two Elters. to limnit your retrieval. Ch.oose either Clinical Queries or Systematic Reviews. tri al [Titl e/AbStraCt]) O R Cl i n I Cal

Enter your search topic i the box below and click Go.

@® Clinical Queries using Research Methodology Filters triaIS[MeS H Tel’mS] O R Clin ical
Thiz specialized search is mtended for clinicians and has built-in search "flters" based largely on tri al [P u bl icati O n Type] O R

Havnes BB et al . Four study categones are provided, and the emphasiz may be more sensitive (e,

mgst relevant articles buif probably some less relevant ones).or more specific (1e., mostly relevant rand O m*[TItI e/Abstract] O R ran do m

articles but probably omiting a few). See filter table for details.

Indicate the category and emphasis below: al I Ocati 0 n [M eS H Te rmS] O R th e rape uti C
Category. @therapy O diagnosis O etiology O prognwss use [M eS H S u b h ead I n g])

Ergphasis: O sensitivity & specificity

O Systematic Reviews Treatment SpECIfIC FI|'[eI‘
3 'I'his feame retrieves systematic reviews and meta—apalysis studies for your search topic(s). For more (rand O m ized CO ntrOI |ed tri al [P u bl icatl O n
wformation, see Help. Eelated sources are also provided. . .
Type] OR (randomized[Title/Abstract]
[ |69) (6] AND controlled[Title/Abstract] AND
Mote: I you want to retrieve everything on a subject area, vou should not use this screen. The tri al [Titl e/AbStraCt]))

objective of filtering is to reduce the retrieval to articles that report research conducted with specific
methodologies.

AvleSH Explosions
ABoolean Queries
HKOrdered by Date



Comparison to Clinical Query Filters
1998-1999 (Corpus 1 and 2)

Treatment - Fixed Sensitivity Treatment - Fixed Specificity
1 0.96 0.96 1 0.96 0.96
0.9 1 0.9 0.8
0.8 - 0.8 -
0.7 - 0.7 A
0.6 - 0.6 -
0.5 A 0.5 A
0.4 - 0.4 -
0.3 A 0.3
0.2 - 0.2
0.1 + 0.1
0 - 0 -
Fixed Sens Spec Sens Fixed Spec
B Query Filters ®Learning Models @Query Filters @Learning Models
1 222 1 093 0093
0.9 1 ’ 09 |
0.8 - 0.8 i
07 N 07 |
0.6 - 06 4
0.5 E
i 0.5
0.4 i
- 0.4
0.3 i
i 0.3
0.2 i
i 0.2
0.1 01 -
0 - ‘0

Fixed Sens Spec Sens Fixed Spec

> BQuery Filters BLearning Models |~~~ BQuery Filters _@Learning Models |




Comparison to Clinical Query Filters
1998-1999 (Corpus 1 and 2)

Diagnosis - Fixed Sensitivity Diagnosis - Fixed Specificity

1 0.95 0.95 1 0.96 0.96
0.9 1 0.9 1
0.8 - 0.8
0.7 0.7 1
0.6 0.6
0.5 0.5
0.4 0.4
0.3 1 0.3
0.2 1 0.2 1
0.1 1 0.1 1
0 A 0 -

Fixed Sens Spec Sens Fixed Spec

B Query Filters ®Learning Models @Query Filters @Learning Models
Prognosis - Fixed Sensitivity Prognosis - Fixed Specificity

1 1 0.94 0.94
0.9 1 0.9 1
0.8 0.8
0.7 0.7
0.6 - 0.6
0.5 0.5
0.4 - 0.4 -
0.3 1 0.3
0.2 1 0.2 1
0.1 1 0.1 1
0 A 0

Fixed Sens Spec Sens Fixed Spec

"""""""" EQuery Filters ®Learning Models “““"“““"“““"“ﬂ OQuery Filters @Learning Models |~




Comparison to Clinical Query Filters
2005 (Corpus 3)

Treatment - Fixed Sensitivity Treatment - Fixed Specificity
. 0.98 0.98 o 1 0.95 0.91 091
0.9 A 0.9 - 0.8
0.8 - 0.8
0.7 0.7 -
0.6 0.6 -
0.5 - 0.5 -
0.4 - 0.4
0.3 - 0.3
0.2 0.2 -
0.1 0.1 +
0 0 -
Fixed Sens Spec Sens Fixed Spec
|lQuery Filters @ Learning Models |lQuery Filters @ Learning Models
Etiology - Fixed Sensitivity Etiology - Fixed Specificity
0.98 0.98
1 1 0.94 0.91 0,91
0.9 - 0.9 J
0.8 0.8 -
0.7 0.7
0.6 06 1
0.5 0.5 -
0.4 - 0.4 -
0.3 0.3 -
0.2 0.2
0.1 - 0.1 -
0 - 0

Fixed Sens Spec

Sens Fixed Spec

--------------- 1lQuery Filters @ Learning Models |-~~~




Comparison to Clinical Query Filters
2005 (Corpus 3)

Diagnosis - Fixed Sensitivity Diagnosis - Fixed Specificity
0.96 0.96 o L 0.97 0.97
03 _ 0.9 1 0.82
0.8 - 0.8 -
0.7 A 0.7 -
0.6 A 0.6 -
0.5 - 0.5 -
0.4 A 0.4 -
0.3 - 0.3 -
0.2 A 0.2 A
0.1 A 0.1 -
0 0 -
Fixed Sens Spec Sens Fixed Spec
|lQuery Filters @ Learning Models |lQuery Filters @ Learning Models|
Prognosis - Fixed Sensitivity Prognosis - Fixed Specificity
1
1 0:87 11
09 4 08 0.8 -~ 0.9 - 0.8 0.77 0.77
0.8 0.71 0.8 -
0.7 A 0.7 A
0.6 A 0.6 -
0.5 - 0.5 -
0.4 A 0.4 -
0.3 - 0.3 -
0.2 A 0.2 A
0.1 - 0.1 -
0 0 -
Fixed Sens Spec Sens Fixed Spec
--------------- 1lQuery Filters B Learning Models ----------------------------{lQuery Filters @ Learning Models| -




Compared to Clinical Query Filters
2005 0 Corpus 3

Clinical Prediction Guide - Fixed Clinical Prediction Guide - Fixed
Sensitivity Specificity
0.95 0.95 0.99 0.99

0.89

056 0.61

1 Y

OFNWAUIONOXO
T Y R B B B

Fixed Sens Spec Sens Fixed Spec

|lQuery Filters @ Learning Models |lQuery Filters @ Learning Models




Method Treatment - | Etiology - Prognosis - Diagnosis -
AUC AUC AUC AUC

GooglePagerank 0.54

YahooWebranks O 56

ImpactFactor
005 0.67

Web page hit 0.63
count '

Bibliometric
Citation Count 0.76

Machine Learning 0.96
Models '

0.54

0.49

0.62

0.63

0.69

0.95

0.43

0.52

0.51

0.58

0.67

0.95

0.46

0.52

0.52

0.57

0.60

0.95






Building a Final Model

+ Take all combinations of parameters and use chaaglation with
one set of parameters to estimate performance.

}  Choose a final model with the best parameters.

Cost 0.10 Degree 1 0.94
Cost 10 Degree 1 0.97
Cost 28 Degree 1 0.93
Cost 10 Degree 1




ML Model to Ranking Articles
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EBMSearch (http://www.ebmsearch.org)

©) EBMSearch-Pubmed - Mozilla Firefox

File Edit View History delico.us Tools Help
<j - - @ ﬁ EE TTTTT | http:/faww.ebmsearch .orgfpubmed il v B ' DDDD
EBMSearch.....
Directions:

1. Cut and paste Pubmed query into text box.
2. Select category to search.
3. Select the number of years to search.
4. Click the EBMSearch button.

Therapy || pastyear v
EEBEMSearch
raving Health C

rough Infor
Feedbadk )

1 Built final models in
treatment, etiology,
diagnosis, and prognosis.

1 Scored articles in
MEDLINE from 200@
2006.



EBMSearch - Results Page

) EBMSearch Pubmed - Mozilla Firefox
File Edit View History Bookmarks Tools Help

EBMSearch |"pneumonia"[MeSH Terms] OR pneumc” Therapy v|| pastyear v |[ EBMSearch | 2

Searched "pneumonia”[Me SH Terms] OR pneumonia[Text Word] in Therapy. Results 1- 10 of in 2.69 seconds.

1. Effectiveness of discontinuing antibiotic treatment after three days versus eight days in mild to moderate-severe
community acquired pneumeonia: randomised. double blind study. (1.09913102058, 16763247) 3
OBJECTIVE: To compare the effectiveness of discontinuing treatment with amoxicillin after three days or eight days
in adults admitted to hospital with mild to moderate-severe community acquired pneumeonia who substantially
improved after an initial three days\ treatment. DESIGN: Randomised, double blind, placebo controlled non-inferiority
trial. SETTIMNG: MNine secondary and tertiary care hospitals in the MNetherlands. PARTICIPANTS: Adults with mild to
moderate-severe community acquired pneumonia (pneumonia severity index score &lt; or = 110).
INTERVENTIONS: Patients who had substantially improved after three days\ treatment with intravenous amaoxicillin
were randomly assigned to oral amoxicillin (n = 63) or placebo (n = 56) three times daily for five days. MAIN
OUTCOME MEASURES: The primary outcome measure was the clinical success rate at day 10. Secondary
outcome measures were the clinical success rate at day 28, symptom resolution, radiological success rates at days
10 and 28, and adverse events. RESULTS: Baseline characteristics were comparable, with the exception of symptom
severity, which was worse in the three day treatment group. In the three day and eight day treatment groups the
clinical success rate at day 10 was 93% for both (difference 0.1%, 95% confidence interval-9% to 10%) and at day
28 was 90% compared with 88% (difference 2.0%.-9% to 15%). Both groups had similar resolution of symptoms.
Radiological success rates were 86% compared with 83% at day 10 (difference 3%.-10% to 16%) and 86%
compared with 79% at day 28 (difference 6%.--7% to 20%). Six patients (11%) in the placebo group and 13 patients
(21%) in the active treatment group reported adverse events (P = 0.1). CONCLUSIONS: Discontinuing amoxicillin
treatment after three days is not inferior to discontinuing it after eight days in adults admitted to hospital with mild to
moderate-severe community acquired pneumonia who substantially improved after an initial three days\ treatment.
Authors: el Moussaoui Rachida de Borgie Corianne A J M van den Broek Peterhans Hustinx Willem M Bresser Paul
van den Berk Guido E L Poley Jan-Werner van den Berg Bob Krouwels Frans H Bonten Mare J M Weenink Carla
Bossuyt Patrick M M Speelman Peter Opmeer Brent C Prins Jan M

Reference: BMJ 2006 Jun 10

2. Kinetic bed therapy to prevent nosocomial pneumonia in mechanically ventilated patients: a systematic review
and meta-analysis. (0.678198513729, 16684365)

INTRODUCTION: Nosocomial pneumenia is the most important infectious complication in patients admitted to
intensive care units. Kinetic bed therapy may reduce the incidence of nosocomial pneumonia in mechanically
ventilated patients. The objective of this study was to investigate whether kinetic bed therapy reduces the incidence of
nosocomial pneumonia and improves outcomes in critically ill mechanically ventilated patients. METHODS: We
searched Medline, EMBASE, CINAHL, CENTRAL, and AMED for studies. as well as reviewed abstracts of
conference proceedings, bibliographies of included studies and review articles and contacted the manufacturers of
medical beds. Studies included were randomized or pseudo-randomized clinical trials of kinetic bed therapy
compared to standard manual tumning in critically ill mechanically ventilated adult patients. Two reviewers
independently applied the study selection criteria and extracted data regarding study validity, type of bed used,
intensity of kinetic therapy, and population under investigation. Outcomes assessed included the incidence of
nosocomial pneumonia, mortality, duration of ventilation, and intensive care unit and hospital length of stay.
RESULTS: Fifteen prospective clinical trials were identified, which included a total of 1.169 participants. Mo trial met
all the validity criteria. There was a significant reduction in the incidence of nosocomial pneumonia (pooled odds
ratio (OR) 0.38, 95% confidence interval (Cl) 0.28 to 0.53). but no reduction in mortality (pooled OR 0.96. 95%CI 0.66
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Example Queries

} "Heart Failure, Congestive/diet therapy"[MeSH] OR
"Heart Failure, Congestive/drug therapy"[MeSH] OR
"Heart Failure, Congestive/therapy"[MeSH])



Using PubMed Only (10/29/2003)

1. Gadolinium cardiovascular magnetic resonance predicts
reversible myocardial dysfunction and remodeling in patients
with heart failure undergoing betalocker therapy.

2. Hospitalization rates and length of stay for cardiovascular
conditions in Canada, 1994 to 1999.

3.  Hormone replacement therapy is associated with improved
survival in women with advanced heart failure.

4. Noncardiac comorbidity increases preventable o
hospitalizations and mortality among Medicare beneficiaries
with chronic heart failure.

5. Effect of trapidil on cardiovascular events in patients with
coronary artery disease (results from the Japan
Multicenter Investigation for Cardiovascular

Diseases -Mochida [JMI&M]).



Getting to this.

1.

2.

Eplerenone, a selective aldosterone blocker, in patients with
left ventricular dysfunction after myocardial infarction.

Hawthorn extract for treating chronic heart failureneta -
analysis of randomized trials.

Efficacy of perindopril in reduction of cardiovascular events
among patients with stable coronary artery disease:
randomised, double -blind, placebo -controlled,

multicentre trial  (the EUROPA study).

Vasopressin \fPeceptor blockade with tolvaptan in patients
with chronic heart failure: results from@ouble -blind,
randomized trial

Effects of candesartan in patients with chronic heart failure
and preserved lefventricular ejection fraction: the
CHARM -PreservedTrial .



Example Syncope - Treatment

Strategy for the management of vasovagal syncope.

2. Prevention of Syncope Trial (POST)aamdomized
clinical trial of beta blockers in the prevention of
vasovagal syncope; rationale and study design.

3. Syncope Evaluation in the Emergency Department Study
(SEEDS): a multidisciplinary approach to syncope
management.

4. Arandomized and controlled pilot trial ~ of beta
blockers for the treatment of recurrent syncope in patients
with a positive or negative response to heag tilt test.

5. SecondVasovagal Pacemaker StiéRS(11): rationale,
design, results, and implications for practice and future
clinical trials.



Example Osteoarthritis Pain - Treatment

1.

Electroacupuncture versus diclofenac in symptomatic
treatment of osteoarthritis of the knee:iesandomized
controlled trial

Double -blind placebo -controlled trial ~ of static magnets
for the treatment of osteoarthritis of the knee: results of a
pilot study.

Efficacy of different therapy regimes of lpawer laser in
painful osteoarthritis of the knee:@uble -blind and
randomized -controlled trial.

A herbal remedy, Hyben Vital (stand. powder of a subspecies
of Rosa canina fruits), reduces pain and improves general
wellbeing in patients with osteoarthritism double -blind,
placebo-controlled, randomised trial.

Lidocaine patch 5% and its positive impact on pain qualities ir
osteoarthritis: results of a pilot-2veek,open-label study
using the Neuropathic Pain Scale.
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Source of the clinical questions & gold -
standard answers: Evidence Based Question

Database

How should posttransplantation hypertension be managed?

Date question created: 2004-07-20
Date question modified: 2004-07-20

COMMENTS
FIND IN PUBMED
REFERENCES

Comiments

There have been few studies published on treatment of hypertension in this specific population. Most of
the literature discusses the development of hypertension due to calcineurnn inhibitor treatment following
transplantation. Two examples of these limited studies are summarized below. Also included are
relevant details from the most recent hypertension guidelines (2003) from the Joint National Committee.
Finally, a review article with a section describing ideal drugs for treating hypertension (and an
accompanying table) in patients who have undergone liver transplantation 1s provided.

[ Back To Top

References

. Mor SC, Taler 37, Canzanello VI, Schwartz L, Augustine JE. Posttransplantation
hypertenswn related to calcineurin inhibitors. Liver Transplant. 2000 Sep;6(5):521-30.

This rewiew article is summanzed here because it includes a table of drugs that can be
used in calcineurin hypertension (Table 2, pg. 527). Calcium antagonists, B-blockers, o-p
blockers, adrenergic agents, ACE inhibitors, and diuretics are mentioned along with their
adverse effects and possible mteractions with cyclosporine. The authors describe the
dihydropyridine calcium channel blocking drugs (nifedipine, isradipine, amlodipine) as
preferred agents because they induce vasodilation. Doses must be carefully calculated to
limit edema, vascular headaches, and excess vasodilation, and care should be taken
regarding drug interactions.

[ Back To Top ]

"alpha XAntitrypsin
Deficiency"[MAJR] AND
english[la]

Gold Standard Reference



Randomly-selected Questions

}

}

Is replacement therapy an effective strategy for treating
patients withalpha-1 antitrypsin deficiency ?

Is single or combination antibiotic therapy more effective for
treatment of Pseudomonas infection ?

What is the evidence from randomized controlled trials
regarding the use daintibiotic prophylaxis during upper Gl
bleeding in cirrhotic patients with no ascites?

Is there evidence to support the use afterial lines
(pulmonary artery catheters) to guide therapy in the adult
critically ill patient? Is there an associated reduction in
mortality reported in this literature?

How should acomplicated urinary tract infection  in an
adult patient be managed?



Randomly-selected Questions

}

What strategies does the literature discuss for the local
treatment ofdecubitis ulcers (pressure sores) in adult
Intensive care unit patients?

What evidence is there for the use afiagnesium sulfate in
asthma exacerbations , not status asthmaticus?

Is there evidence thaictreotide Is an effective intervention
for non variceal upper gastrointestinal bleeding?

Find any reports in the literature gfropofol causing
rhabdomyolysis in adults.

Is intravenous immunoglobulin an effective intervention for
treatment of adult patients witlstevens Johnson
syndrome ?



Performance Criteria

+ To identify As Many Gold Standard Articles As Possible
(.e. recall, sensitivity).

} To rank gold standard articles higher than other articles
(Average Precision at Seen Documents).

Calculating the precision when a gold standard article is
encountered in the ranked list and averaging the collected
precisions.

l.e. If we have 10 gold standard articles. A system that produce:
all 10 in the top 10 is better than a system that produces the
10 in the top 100.



Average Precision at Seen Documents/
Average Recall (Articles with Abstracts)

Number Questions 5 guestions 1 question 1 question 2 questions
with Best Average
Precision at Seen

Documents

AveragéAverage () 211 0.151 0.116 0.169
Precision at Seen

Documents

Average Recall (). 72 0.72 0.69 0.35

* - decubitis ulcers query did not return any gold standard articles.



Converting Support Vector
Machines to Boolean Queries



Decision Tree for PlayTennis

utlook Temperature Humidity (\Wind PlayTennis

O
Hot

Humidity

NO

Normal

Yes

Outlook

‘ Overcast ‘ Rain

Wind



Decision Tree

Adecision trees represent disjunctions of conjunctions

Outlook
| \\
/I SunnyﬂOvercast‘ ‘ Rain ‘
I NN
Humidity Yes wind

‘ Strong \ ‘ Weak \
No Yes No Yes

(Outlook=Sunny A Humidity=Normal)
v (Outlook=Overcast)
v (Outlook=Rain A Wind=Weak)



13 Selected Words (Treatment)

Leagu [Textword]

Coalit [Title]

Catheterization, Central Venous: adverse effects [MeSH]
Ribavirin: adverse effects [MeSH]

Acupuncture Therapy [MeSH]

Trandolapril [Textword]

Pregnancy Complication: Prevention and Control [MeSH]
Comprehens [Title]

MetaAnalysis [Publication Type]

Randomis [Textword]

Trial [Textword]

Randomized Controlled Trial [MeSH]

Treatment [Textword]

e e e e e e e d d d )



Treatment Decision Tree

pt Randomized Controlled < 0.5

treatment < 0.5

title coalit < 0.5

027957 0.113504 0.23633

0. 000861 1

r(oManal ysi soTy Pallb)l 1 @Rt (i colha
controlled trial é [ Publ i ce
[TextWord] ) OR (ORandomi zed <co
[Publication Type])



13 Selected Words (Etiology)

e e e e e e e d d d )

Associ [Textword]
Risk Factors [MeSH]
Mortal [Title]

95 [Textword]

Meta [Title]

Killip [Textword]
Drinker [Textword]
Phentermin [Textword]
Sick role [MeSH]
Autoimmunity [MeSH]
Homocyst [Textword]
Smoking Cessation [MeSH]
Weather [MeSH]



Etiology Decision Tree
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Performance of Boolean Queries

Category Performance Performance
with Support with Decision
Vector Trees

Machines

Treatment 0.97 0.95

Etiology 0.94 0.90




Text Categorization for Identifying Unproven
Cancer Treatments on the Web

Aphinyanaphongs ,Y AliferisC. o0 Text Categori z
for Il denti fying Unproven Canc
Medinfo2007; Sydney, Australia.



AThe killing of all parasites
together with removal of isopropyl alcohol and
carcinogens from the pat_g
in remarkable recovery (from cancer)
generally noticeable in




Motivation

} Internet allows quacks to advocate unproven, and
Inaccurate treatments.

+ Can we build filters that automatically identify these
guack websites to warn patients and healthcare
consumers more generally?

Clark H.,1993.



Why now?

. 65% of cancer patients searched unproven treatments.
. 12% pursued unconventional therapies online.

. 83% of cancer patients use at least one unproven
treatment.

. Patients are Hequipped to evaluate treatments.

- Rapid internet growth allows easy publication of any
unproven treatment.



Previous Approach - Self Regulation

+ Self regulation.
Health on Net Foundation.
Limitations
Requires knowledge of certification.
Vigilant public to report violations.

Health on the Net;
Eysenbach G, et al. 2002.



http://www.hon.ch/

Previous Approach - Expert Rating Tools

} EXpert rating tools.
Limitations
Require knowledgeable public to apply.

Difficult to validate & most instruments not
validated.

Time consuming to produce.
Do not produce consistent ratings.

Ratings tools are not appropriate for use on
complementary/ alternative medicine sites.

Manual review requires reviewer time and limits in
web sites selected to review.

Bernstam EV, Shelton DM, et al. 2005.
Kim P, et al. 1999.

Bernstam EV, Sagaram S, 2005.
Ademiluyi G, et al. 2003.

Walji M, et al. 2004.



ldeal Solution

1 Validated.
} Easy to use by health care consumers.
} Works on any webpage.



Hypothesis

1 Automated classification approaches effectively identify
web pages that make unproven claims.



Quackwatch.org

1 38 year old nonprofit organization.

1 0combat heal th r el
myths, fads, fallacies, and
mi sconductd

} 152 person scientific and advisory
board.




Gold standard

} Considered web pages about 8 quack treatments identified by
guackwatch.org.

oCure for al/l Cancerso
oOMi stl et oebo

oKrebiozero

oMet abolic Therapybo
oCel l ul ar Healtho

Ol CHT®O

oMacrobiotic Dieto
O | n PaténtiatonT her apy o6

y Appl i ed to Google appendi ng
+ Top 30 results for each treatment labeled by the authors.



Gold Standard

+ Two authors labeled 191 out of 240 web pages as making
unproven claims or not (Interater Reliability- Kappa 0.76)

} Excluded
not found (404 response code) error pages
no content pages
non-English pages
passwordprotected pages
pdf pages
redirect pages
pages where the actual treatment text does not appear in the document



Content Representation

} Bag of Words.
Removed all content between style and script tags.
All tags (including style and script tags removed).
Replaced all punctuation with spaces.
Split on spaces to obtain words.
Stemmed the words.
Applied stop word list.
Removed any words appearing less than 3 pages.
Encoded words using log frequency with redundancy scheme.



Quackometer

} Heuristic, unvalidated, and unpublished quack detection
tool.

}

1 Looks for words In 5 dictionaries
Altmed termso homeopathic, herbal.
Pseudoscientific words toxins, superfoods.
Domain specific word$® energy, vibration.
Skeptical word® placebo, flawed
Commerce termsd products, shipping

}+ Algorithm counts frequency of terms and applies a
frequency threshold, then generates a score between O
10.

} AUC for each 10 fold split.


http://www.quackometer.net/

Google Pagerank

} Compared Pagerank within each topic to avoid bias in
ranking situations.

} Observed Google rankings for top 30 results when query
was applied.



Example - Google PageRank

e e d e d e d e

1
2 quack page
3
4
5 quack page
6
7
8
9 quack page
10 quack page

Gold standard
A4 false claim pages

Area Under the Curve
00.71



Results

Model Area Under the
Curve

MachineLearning Model 0.93

Quackometer 0.67

Google 0.63

* Keyword matches$ herbal, shipping, superfoods, energy, flawed, etc.



Recelver Operating Curves

1.0
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-, — Support Vector Machine |
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Failure Analysis

} SupportVector Rank
Success Low quality page in top 5
Failured Low quality page in greater than top 5.
} Quackometer Score
Succes$ Low quality pages score®10.
Failured Low quality pages score®>5.
+ Google
Succes$ Low quality page in bottom 20.
Failured Low quality page in top 10.



Failure Analysis Examples

Excerpts Support Quackometer | Google
Vector Rank | Score Rank

| am convinced that our mind and 1 (Success) 1 (Failure)
emotions are the deciding factor in the (Success)
cure of cancer.

The hundreds of clinical studies 3 (Success) O (Failure) 9 (Failure)
conducted by many competent

physicians around the world, including

those directed by Dr. Emesto Contreras

Rodriguez at the Oasis of Hope Hospital

hospital in, give us complete confidence

that there is no danger.

The cure shows results almost 3 (Success) 8 (Success) 3 (Failure)
immediately and lasts three weeks only.

It is cheap and affordable for everybody

and proved with 138 case studies.



Failure Analysis Examples

Excerpts Support Quackometer | Google
Vector Rank | Score Rank

Many advanced cancer patients are 1 (Success) 1 (Failure) 18
petrified of their tumor. This knee -jerk (Success)
reaction is caused by orthodox medicine's

focus on the highly profitable (and

generally worthless) process of shrinking

tumors.

IPT (Insulin Potentation Therapy) hasan 1 (Success) O (Failure) 1 (Failure)
outstanding 135 doctor -year track record

(115 years for cancer) over 72 years, and

Is ready for clinical trials and widespread

use.

We are proud of these findings, which 2 (Success) 1 (Failure) 8 (Failure)
confirm that cellular medicine offers

solutions for the most critical process in

cancer development, the invasion of

cancer cells to other organs in the body.

Conventional medicine is powerless in

this.



Advantages

} No need to develop explicit rating criteria.
1 Allow automated application to any web page.



Conclusions

+ First validated study showing feasibility of pattern
recognition filters that identify web pages that make
unproven claims on the web.

} This technology Is a first step towaslitomated
mechanisms to protect patients from
unproven/dangerous information on the web.



(Main) Conclusions

Machine learning models catentify high quality articles
In the primary literature  as defined by EBM meta
publications.

Machine learning modelsve superior performance In
identifying high quality articles than statiethe-art manual
and citationbased methods.

Machine learning models can identify gold standard articles
for answering real -life clinical questions superior to
state-of-the-art methods.

Machine learning cadentify web pages that make false
cancer treatment claims superior to stat®f-the-art
search engine algorithms andaoic models.



A few specific open problems to consider

How do models work for clinical questions in other classes
(prognosis, diagnosis, etiology)?

How vulnerable are models to being gamed?
How do we ensure that models do not become obsolete?

How do we build user search interfaces that allow users to
get the information they need quickly and efficiently?

For clinical questions that EBMSearch could not answer, wh
did they fail? How can these be fixed?

We used sensitivity and average precision at seen documen
to compare search engines.What are other clinically
Informative measures to compare search engines?



Open problems CONTOD

} Largepicture solution to the biomedical information
retrieval problem involves integration with other
techniques. Specifically:

|dentify/select &mited class of questions asked by health
professionals.

Integrating user feedback.
Linking user queries to chosen papers.
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