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What is already known on this topic

Some people believe that participation in a
randomised controlled trial (RCT) increases a
patient’s risk of a bad outcome

Some people claim that the results of RCTs are
not applicable to usual clinical practice

What this study adds

Participants in RCTs had similar outcomes to
comparable patients who received the same or
similar treatment outside the trial

The results of RCTs are therefore applicable to
comparable patients in usual clinical practice
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Abstract

Objective To develop and test optimal Medline search
strategies for retrieving sound clinical studies on
prevention or treatment of health disorders.

Design Analytical survey.

Data sources 161 clinical journals indexed in Medline
for the year 2000.

Main outcome measures Sensitivity, specificity,
precision, and accuracy of 4862 unique terms in

18 404 combinations.

Results Only 1587 (24.2%) of 6568 articles on
treatment met criteria for testing clinical
interventions. Combinations of search terms reached
peak sensitivities of 99.3% (95% confidence interval
98.7% to 99.8%) at a specificity of 70.4% (69.8% to
70.9%). Compared with best single terms, best
multiple terms increased sensitivity for sound studies
by 4.1% (absolute increase), but with substantial loss of
specificity (absolute difference 23.7%) when sensitivity
was maximised. When terms were combined to
maximise specificity, 97.4% (97.3% to 97.6%) was
achieved, about the same as that achieved by the best
single term (97.6%, 97.4% to 97.7%). The strategies
newly reported in this paper outperformed other
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validated search strategies except for two strategies
that had slightly higher specificity (98.1% and 97.6% v
97.4%) but lower sensitivity (42.0% and 92.8% v
93.1%).

Conclusion New empirical search strategies have
been validated to optimise retrieval of articles from
Medline reporting high quality clinical studies on
prevention or treatment of health disorders.

Introduction

If large bibliographic databases such as Medline are to
be helpful to clinical users, clinicians must be able to
retrieve articles that are scientifically sound and
directly relevant to the health problem they are trying
to solve, yet few clinicians are trained in search
techniques. Search filters (“hedges”) can improve the
retrieval of clinically relevant and scientifically sound
study reports from Medline and similar bibliographic
databases."” Hedges can be created with appropriate
disease content terms combined (“ANDed”) with

This is the abridged version of an article that was posted on
bmj.com on 13 May 2005: http.//bmj.com/cgi/doi/10.1136/
bmj.38446.498542.8F
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medical subject headings (MeSH), explosions (px),
publication types (pt), subheadings (sh), and textwords
(tw) that detect research design features indicating
methodological rigour for applied healthcare research.

In the early 1990s, our group developed Medline
search filters for studies of the cause, course, diagnosis,
or treatment of health problems, based on 10 clinical
journals.” Here we report improved hedges for retriev-
ing studies on prevention and treatment, developed on
a larger number of journals in a more current era than
previously reported.’

Methods

Our methods are detailed elsewhere. Briefly,
research staff hand searched each issue of 161 clinical
journals indexed in Medline for the year 2000 to find
studies on treatment that met several criteria (see bmj-
.com). Search strategies were then created and tested
for their ability to retrieve articles in Medline that met
these criteria while excluding articles that did not.

Table 1 shows the sensitivity, specificity, precision,
and accuracy of single term and multiple term Medline
search strategies that we determined. The sensitivity for
a given strategy is defined as the proportion of articles
retrieved that are scientifically sound and clinically
relevant (high quality articles); specificity is the propor-
tion of lower quality articles (did not meet criteria) that
are not retrieved; precision is the proportion of
retrieved articles that meet criteria (equivalent to posi-
tive predictive value in diagnostic test terminology);
and accuracy is the proportion of all articles that are
correctly dealt with by the strategy (articles that met
criteria and were retrieved plus articles that did not
meet criteria and were not retrieved divided by all
articles in the database).

Eventually a small fraction (n=968, 2%) of
citations downloaded from Medline could not be
matched to the handsearched data. As a conservative
approach, unmatched citations that were detected by a
given search strategy were included in cell b of the
analysis in table 1. Similarly, unmatched citations that
were not detected by a search strategy were included in
cell d of the table.

Six research assistants completed rigorous calibra-
tion exercises for application of methodological
criteria to articles to determine if the article was meth-
odologically sound (see bmj.com).

To construct a comprehensive set of possible
search terms, we listed MeSH terms and textwords
related to study criteria and then sought input from
clinicians and librarians through several means (see
bmj.com). We compiled a list of 4862 unique terms
(data not shown). All terms were tested using the Ovid
searching system.

9 10

Table 1 Formula for calculating sensitivity, specificity, precision,
and accuracy of Medline searches for detecting sound clinical
studies

Manual review
Search terms Meets criteria Does not meet criteria
Detected a b
Not detected c d
a+c b+d

Sensitivity=a/(a+c); precision=a/(a+b); specificity=d/(b+d); accuracy=(a+d)/
(a+b+c+d). All articles classified during manual review of literature=(a+b+c+d).

Manual ratings of articles were recorded on data
collection forms along with bibliographic information
and database specific unique identifiers. Each journal
title was searched in Medline for 2000, and the full
Medline records were captured for all articles. Medline
data were then linked with the manual data.

Testing strategies

We randomly divided treatment and prevention
articles that met criteria in the manual review database
into development and validation datasets (60% and
40%). Sensitivity, specificity, precision, and accuracy
were calculated for each term in the development sub-
set and then validated in the rest of the database. For a
given purpose category, we incorporated individual
search terms with sensitivity greater than 25% and
specificity greater than 75% into the development of
search strategies that included a combination of two or
more terms. All combinations of terms used the
boolean OR.

For the development of multiple term search strat-
egies to either optimise sensitivity or specificity, we
tested all two term search strategies with sensitivity at
least 75% and specificity at least 50%. For optimising
accuracy, two term search strategies with accuracy
greater than 75% were considered for multiple term
development. Overall, we tested 18 404 multiple term
search strategies. Search strategies were also developed
that optimised combined sensitivity and specificity (by
keeping the absolute difference between sensitivity and
specificity less than 1%, if possible).

To attempt to increase specificity without compro-
mising sensitivity, we used terms with low sensitivity but
appreciable specificity to NOT out citations. We also
used logistic regression analysis models that included
terms in a stepwise manner and also NOTed out terms
with a regression coefficient less than —2.0.

We compared strategies that maximised each of
sensitivity, specificity, precision, and accuracy for both
development and validation datasets with 19 previ-
ously published strategies. We chose strategies that had
been tested against an ideal method such as a hand
search of the published literature and for which most
Medline records were from 1990 forward, to reflect
major changes in the classification of clinical trials by
the US National Library of Medicine. Six papers'™ and
one library website'' provided a total of 19 strategies to
test, including the strategy advocated by the Cochrane
Collaboration.'

Results

We included 49 028 articles in the analysis; 6568
articles (13.4%) were classified as original studies
evaluating a treatment, of which 1587 (24.2%) met our
methodological criteria. Overall, 3807 of 4862
proposed unique terms retrieved citations from
Medline that could be used in term assessment. The
development and validation datasets for assessing
retrieval strategies included articles that passed and did
not pass treatment criteria (930 and 29 397 articles,
respectively, for the development dataset; 657 and
19631 articles for the validation dataset). The
validation dataset provided differences in performance
that were statistically significant in only three of 36
comparisons.
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Table 2 Comparison of strategies from 1991 with newly developed strategies from 2000, compiled using 2000 data

Year Approach Strategy in Ovid format

Sensitivity (%)

Specificity (%) Precision (%) Accuracy (%)

1991 Maximise sensitivity Randomized controlled trial.pt. OR drug 98.3 794 134 78.6
therapy.fs. OR therapeutic use.fs. OR
random:.tw.

2000 Maximise sensitivity Clinical trial.pt. OR random:.mp. OR 98.9 79.7 13.8 80.3
therapeutic use.fs.

1991 Maximise specificity Double.tw. AND blind.tw. OR placebo:.tw. 423 98.1 42.2 96.3

2000 Maximise specificity Randomized controlled trial. mp. OR 93.1 97.4 54.4 97.3

randomized controlled trial.pt.

pt=publication type; fs=floating subheading; :=truncation; tw=textword (word or phrase appears in title or abstract); mp=multiple posting (term appears in title,

abstract, or MeSH heading).

The operating characteristics for the single terms
with the highest sensitivity and the highest specificity
showed that the accuracy is driven by the specificity.
The term with the best accuracy when keeping
sensitivity more than 50% was “randomized controlled
trial.pt” (see bmj.com). The single term that yielded the
best precision while keeping sensitivity more than 50%
was also “randomized controlled trialpt”, and this
strategy also gave the optimal balance of sensitivity and
specificity.

Strategies combining up to three terms that yielded
the highest sensitivity, specificity, and accuracy are
shown on bmj.com. Some two term strategies
outperformed one term and multiple term strategies.
The top three search strategies optimising the trade-off
between sensitivity and specificity are on bmj.com, as
are the best combination of terms for optimising the
trade-off between sensitivity and specificity when using
the boolean NOT to eliminate terms with the lowest
sensitivity. Statistically insignificant differences were
shown when citations retrieved by the three terms
“review tutorial.pt”, “review academic.pt”, and “selec-
tion criteri:tw.” were removed from the strategy that
optimised sensitivity and specificity.

After the two term and three term computations,
search strategies with sensitivity more than 50% and
specificity more than 95% were further evaluated by
adding search terms selected by using logistic
regression modelling. Initially, candidate terms for
addition to the base strategy were ordered with the
most significant first, using stepwise logistic regression,
and then added to the model sequentially. The
resulting logistic function (data not shown) determined
the association between the predicted probabilities and
observed responses. We selected the best one term, two
term, three term, and four term strategies. Two had
already been evaluated (“randomized controlled
trialmp” OR “randomized controlled trial.pt” and
“randomized controlled trialmp” OR “randomized
controlled trial.pt” OR “double-blind:.tw”). The other
two strategies are listed on bmj.com; both had high
performance. We next took the 13 terms that had
regression coefficients less than —2.0 ( “predict.tw.”,
“predictmp.’, “economic.tw”, “economic.mp.”, “sur-
vey.tw”, “survey.mp.”, “hospital mortality.mp,tw.”, “hos-
pital mortalit: mp”, “accuracy:.tw.”, “accuracy.tw.”, “accu-
racymp”, “explode bias (epidemiology)’, and
“longitudinal.tw”) and NOTed these terms out of the
four term search strategy to determine if these terms
would improve the operating characteristic values (see
bmj.com). We found a small but insignificant decrease
in sensitivity and increases in specificity, precision, and
accuracy.

BM] VOLUME 330 21 MAY 2005 bmj.com

We compared our best strategies for maximising
sensitivity (sensitivity >99% and specificity >70%)
and for maximising specificity while maintaining a
high sensitivity (sensitivity >94% and specificity
>97%). To ascertain if the less sensitive strategy (which
had a much greater specificity) would miss important
articles, we assessed the methodologically sound
articles that had not been retrieved by the less sensitive
strategy, using studies from the BMJ, JAMA, Lancet, and
New England Journal of Medicine. In total, 32 articles
were missed by the less sensitive search, of which four
were from these journals. A practising clinician with
training in methods for health research found only one
of the four articles to be of substantial clinical
importance.” The indexing terms for this randomised
controlled trial did not include “randomized control-
led trial.(pt)”. We used our data to test 19 published
strategies'” "' and we compared these with the best
strategies for optimising sensitivity and specificity. The
published strategies had a sensitivity range of 1.3% to
98.8% on the basis of handsearched data. All of these
were lower than our best sensitivity of 99.3%. The spe-
cificities for the published strategies ranged from
63.3% to 96.6%.

Discussion

We have presented a variety of tested search strategies
for retrieval of high quality and clinically ready studies
of treatments. This research updates our previous
hedges published in 1991, calibrated using 10 medical
journals. When these 1991 strategies were tested in the
2000 database, the performance of the 2000 strategies
was slightly better for the strategy that maximised sen-
sitivity and considerably better for the strategy that
maximised specificity (table 2).

No one search strategy will perform perfectly, for
several reasons. Indexing inconsistencies affect retriev-
als.” Indexing terms and methods are modified over
time and few changes are implemented retrospectively.
Indexers also choose only a small number of terms for
each item they index, and many of these terms have
similar meanings. Methods and their naming also
change over time, and authors may also be imprecise
in their description of methods and results, affecting
retrievals that are based on textwords in the titles and
abstracts. The model we used for testing search strate-
gies defines the constant features of these strategies,
their sensitivity and specificity, and these strategies can
be expected to perform the same way in the entire
Medline database, as shown by their performance in
the validation database in our study and by the robust-
ness of the 1991 strategies when retested in our much
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What is already known on this topic

Many clinicians and researchers conduct Medline
searches independently but lack skills to do this
well

A barrier to searching for evidence in Medline is
the difficulty selecting an optimal strategy to
search for information

What this study adds

Special Medline search strategies were developed
and tested that retrieve 99% of scientifically sound
therapy articles

Clinicians can use the most specific search when
looking for a few sound articles on a topic

Researchers can use the most sensitive search
when carrying out a comprehensive search for
trials for their systematic reviews

larger 2000 database.” The precision of searches, how-
ever, depends on the concentration of relevant articles
in the database. We selected clinical journals to
calibrate the search strategies, but Medline contains
many non-clinical journals. Thus, the concentration of
high quality treatment studies will be less in the full
Medline database, and the precision of searches will be
less accordingly.

Searchers who want retrieval with little non-
relevant material can choose strategies with high
specificity. For those interested in comprehensive
retrievals, strategies with higher sensitivity will be more
appropriate. The most effective way to harness these
strategies is to have them embedded within searching
systems. The most sensitive and most specific search
strategies reported here have been implemented in
the Clinical Queries search screen (wwwncbinlm.

nih.gov:80/entrez/query/static/clinicalhtml) and by
Ovid Technologies (www.ovid.com), and the optimal
strategy has been added to Skolar (www.skolar.com).

The Hedges Team includes Angela Eady, Brian Haynes, Susan
Marks, Ann McKibbon, Doug Morgan, Cindy Walker-Dilks,
Stephen Walter, Stephen Werre, Nancy Wilczynski, and Sharon
Wong, all at McMaster University Faculty of Health Sciences.
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Medical dress code

We sometimes have to help our students to understand that what
they wear influences the way they are seen by patients and
colleagues, so affecting their ability to do the job. We may find
that we are hesitant to point this out to them nowadays (even
when faced, for example, with a bare midriff) for fear of being
thought a fuddy-duddy. It is sometimes said that this laxity of
dress is a modern phenomenon. I'm not so sure.

I recall going for my anatomy viva in June 1964, at the end of
my first year at Cambridge. I had heard that one was expected to
wear a gown on these occasions, so I put on my gown over my
usual uniform. The examiner was a Dr Bull, an elderly (or so he
seemed to me) anatomy lecturer of rather Victorian appearance,
with mutton chop whiskers and beetling eyebrows. We went
through the viva. The only question I can still remember was
being asked to identify a beautiful dissection of the superior and
inferior hemiazygos veins. This was so much in contrast with my
own sad efforts in the dissecting room that I could not help
expressing my admiration. To be honest, I think I might also have

been trying to flatter Dr Bull, in the hope that he had done the
dissection himself. At any rate, when the time was up Dr Bull
drew himself up, looked at me, and said, “Well, Rushton, you've
passed.”

“Thank you, Sir.”

“But in future please remember, when you come to
examinations here, we expect you to wear a tie.” He looked at my
bare neck.

“A jacket” He looked at my sweater.

“Trousers.” He looked at my jeans.

“And shoes.” He looked at my sandals.

“Yes, Sir”” Mortified, I fled.

The rebuke had been given gently, but, as you see, I do
remember it.

David N Rushton consultant in rehabilitation, Frank Cooksey
Rehabilitation Unit, King's College Hospital, London
(david.rushton@kingsch.nhs.uk)
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