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Research Focus

Evidence Based Medicine
Main tenet: Clinical decisions based on 
solid clinical evidence. 
3 steps:

Obtaining the best evidence
Appraising it
Applying it



A Practical Example
Let’s suppose a physician has a patient with 
Congestive Heart Failure and is exploring the latest 
treatment options.
As a start, the physician tries the following MeSH
PubMed query 

"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 beta-blocker 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 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 [JMIC-M]).



Getting to this.
1. Eplerenone, a selective aldosterone blocker, in 

patients with left ventricular dysfunction after 
myocardial infarction. 

2. Hawthorn extract for treating chronic heart failure: 
meta-analysis of randomized trials. 

3. 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). 

4. Vasopressin V2-receptor blockade with tolvaptan in 
patients with chronic heart failure: results from a 
double-blind, randomized trial. 

5. Effects of candesartan in patients with chronic heart 
failure and preserved left-ventricular ejection fraction: 
the CHARM-Preserved Trial.



Defining High Quality Evidence

Evidence Based Medicine emphasizes use of 
studies with excellent methodology.
In treatment studies, good design includes:

Double blind, controlled, randomized.
Sufficient sample, good follow-up, pertinent 
clinical outcomes.



Solution
From an information retrieval/ computer 
science perspective, this class of problems 
can be solved by:

Having a pre-classified document collection
Suitable classifier that labels new articles.

This is the methodology used by Dr. Brian 
Haynes and colleagues.

Document collection built by reviewers.
Brute force classifier used to build Boolean 
queries.



PubMed’s Clinical Query Filters

The discovered sensitivity optimized 
treatment filter used is:

“Randomized Controlled Trial” [Publication 
Type] OR “Drug Therapy” [MeSH
Subheading] OR “Therapeutic Use” [MeSH
Subheading] OR “Random” [Textword]

Haynes, B., et al., Developing Optimal Search
Strategies for Detecting Sound Clinical Studies in
MEDLINE. JAMIA, 1994. 1(6): p. 447-458.





Hypothesis

Possible to improve both aspects of CQF 
construction by improving…

The operational gold standard.
The learning algorithms.

Advances in machine learning provide 
many opportunities for the latter.
However, selecting an improved 
operational gold standard is more 
challenging.



Operational gold standard for 
high quality articles

The ACP journal club.
They bring together world class editorial 
members whose job is to apply criteria 
to articles in the top journals in internal 
medicine.



Gold standard selection criteria

The treatment criteria -ACP journal club
“Random allocation of participants to 
comparison groups.”
“80% follow up of those entering study.”
“Outcome of known or probable clinical 
importance.”

Purpose and Procedure. ACP Journal, 
1999. 131(1): p. A-15 - A-16.



Content Category

As a proof of concept, for this study, we 
identify high quality articles pertaining 
to treatment.

Good candidate as it is the most often 
asked clinical question.

Jerome, R.N., et al., Information Needs of clinical
teams: analysis of questions received by the
Clinical Informatics Consult Service. Bull Med
Libr Assoc, 2001. 89(2): p. 177-184.



Overall process

All documents Treatment High Quality

Disease

High Quality 
Treatment 
Disease



Steps for a text categorization 
engine.

Corpus Construction
Document Representation
Study Design
Train classifiers.
Evaluate the classifiers.



Select the Journals
Age and ageing
AMERICAN JOURNAL OF CARDIOLOGY
AMERICAN JOURNAL OF EPIDEMIOLOGY
AMERICAN JOURNAL OF GASTROENTEROLOGY
AMERICAN JOURNAL OF MEDICINE
AMERICAN JOURNAL OF PUBLIC HEALTH
AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL 
CARE MEDICINE
ANNALS OF EMERGENCY MEDICINE
ANNALS OF INTERNAL MEDICINE
ANNALS OF MEDICINE
ARCHIVES OF FAMILY MEDICINE
ARCHIVES OF INTERNAL MEDICINE
ARCHIVES OF NEUROLOGY
ARTHRITIS AND RHEUMATISM
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

Gut
Heart
Hypertension
J Am Board Fam Pract
JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY
JOURNAL OF THE AMERICAN GERIATRICS SOCIETY
JOURNAL OF THE AMERICAN MEDICAL INFORMATICS 
ASSOCIATION
JOURNAL OF CLINICAL EPIDEMIOLOGY
JOURNAL OF FAMILY PRACTICE
JOURNAL OF GENERAL INTERNAL MEDICINE
JOURNAL OF INFECTIOUS DISEASES
JOURNAL OF INTERNAL MEDICINE
JOURNAL OF NEUROLOGY NEUROSURGERY AND 
PSYCHIATRY
JOURNAL OF VASCULAR SURGERY
JOURNAL OF THE AMERICAN MEDICAL ASSOCIATION
Lancet
MEDICAL CARE
MEDICAL JOURNAL OF AUSTRALIA
NEW ENGLAND JOURNAL OF MEDICINE
Neurology
Pain
Spine
Stroke
Thorax



Downloading and marking articles 
in the study period.

12/2000
8/1998 9/1999

Downloaded all articles from the journals 
in the study period.

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



Corpus Composition
For the study period from 8/98 – 9/99

15803 original articles

396 high quality
Treatment articles

15407 non-
treatment articles



What words to use?

1

2

3

4



Document Preparation
“The clinical significance of cerebrospinal.”

1. Representation
“The”, “clinical”, “significance”, “of”, “cerebrospinal”

2. Stop word removal
“Clinical”, “Significance”, “Cerebrospinal”

3. Porter Stemming (i.e. getting the roots of words)
“Clinic*”, “Signific*”, “Cerebrospin*”

4. Word weighting
This number is a statistical measure of how well the word 
separates the data into the 2 categories.
The measure is called log frequency with redundancy.



Study Design

15803 
articles

20% reserve

80%
train

validation

test

10 fold cross
validation to estimate
performance and error

•Build a model.

•Estimate the performance of the methodology.



Train the classifier with learning 
algorithms

4 classifiers
Naïve Bayes
Decision Trees with Boosting
Linear Support Vector Machines
Polynomial Support Vector Machines



Naïve Bayes

A baseline learning algorithm used in 
text categorization.
Application of Simple Bayes
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Decision Trees with Boosting
Rule 1

“random”
present

absent

Rule 2

“medical”
present

absent

Document 1: <random> <medical>
+ = In class



Linear Support Vector Machine
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Non-linear Support Vector 
Machine

Var1

Var2 Constructed 
Feature 1

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

Constructed 
Feature 2



Results – Area under the ROC 
curve

Classifiers Average 
AUC 

over 10 
folds

Range
over 10 folds

p-value 
compa
red to 
largest

LinSVM 0.965 0.948 – 0.978 0.01

PolySVM 0.976 0.970 – 0.983 N/A

Naïve Bayes 0.948 0.932 – 0.963 0.001

Boost Raw 0.957 0.928 – 0.969 0.001

Boost Wght 0.941 0.900 – 0.958 0.001



Results – PubMed CQF vs. Our 
Methods (with 95% CI)

Sensitivity Specificity Precision

Number 
Needed to Read
(Average)

CQF 0.367 0.959 0.149 6.7
Poly
SVM

0.8181
(0.641-0.93)

0.959
(0.948-0.97)

0.2816
(0.191-0.388)

3.55

Sensitivity Specificity Precision

Number 
Needed to Read
(Average)

CQF 0.96 0.75 0.071 14
Poly
SVM

0.9673
(0.830-0.99)

0.8995
(0.884-0.914)

0.1744
(0.120-0.240)

6



Retrieving High Quality Articles
36

18

9

27



Precision Recall Comparisons

Clinical Query Filter 
Performance



Conclusions
These experiments provide evidence in 
support of the following two conclusions:

Text categorization methods can learn models 
of quality and content using the operational 
gold standard of ACP inclusion or citation. 
Polynomial SVMs perform the best in the above 
task.
Using a variety of evaluation metrics , models 
built with these learning methods and gold 
standard outperform the clinical query filters of 
PubMed. 
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