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Abstract
Objective-To examine the sensitivity and

precision of Medline searching for randomised
clinical trials.
Design-Comparison of results of Medline

searches to a "gold standard" ofknown randomised
clinical trials in ophthalmology published in 1988;
systematic review (meta-analysis) of results of
similar, but separate, studies from many fields of
medicine.
Populations-Randomised clinical trials pub-

lished in 1988 in journals indexed in Medline, and
those not indexed in Medline and identified by hand
search, comprised the gold standard. Gold standards
for the other studies combined in the meta-analysis
were based on: randomised clinical trials published
in any journal, whether indexed in Medline or not;
those published in any journal indexed in Medline;
or those published in a selected group of journals
indexed in Medline.
Main outcome measure-Sensitivity (proportion

of the total number of known randomised clinical
trials identified by the search) and precision (pro-
portion of publications retrieved by Medline that
were actually randomised clinical trials) were
calculated for each study and combined to obtain
weighted means. Searches producing the "best"
sensitivity were used for sensitivity and precision
estimates when multiple searches were performed.
Results-The sensitivity of searching for oph-

thalmology randomised clinical trials published in
1988 was 82%, when the gold standard was for any
journal, 87% for any journal indexed in Medline,
and 88%/ for selected journals indexed in Medline.
Weighted means for sensitivity across all studies
were 51%, 77%, and 63%, respectively. The weighted
mean for precision was 8/o (median 32-50/). Most
searchers seemed not to use freetext subject terms
and truncation ofthose terms.
Conclusion-Although the indexing terms avail-

able for searching Medline for randomised clinical
trials have improved, sensitivity still remains
unsatisfactory . A mechanism is needed to "register"
known trials, preferably by retrospective tagging of
Medline entries, and incorporating trials published
before 1966 and in journals not indexed by Medline
into the system.

Background
Of primary importance to the results obtained

in a systematic review or meta-analysis are the data
collection methods used. Data collection includes all
methods used to identify published and unpublished
data to be included in the review, to determine
eligibility of the data for inclusion, and to extract data
for analysis. Much of the methodological research
related to meta-analysis has, to date, related to
statistical methods, not to data collection.' It is clear,
however, that the validity of the results of statistical
analyses depends on the validity of the underlying
data.
Unbiased and complete identification of studies is

particularly important. Studies relevant for inclusion

in a systematic review may not have been published,
for reasons related to the findings (publication bias).'25
Even when studies are published, they may be difficult
to find.
Our objective in the studies we describe was to

examine the sensitivity and precision of searching
Medline for randomised clinical trials. In this setting,
sensitivity is defined as the proportion of the total
number of known trials identified by the search and
precision is the proportion of publications retrieved by
Medline that are actually randomised clinical trials.
We performed a two part study, the first specifically
searching for randomised clinical trials in vision
research (ophthalmology and optometry) and the
second combining the results from the vision study
with other similar studies to achieve a better estimate of
sensitivity and precision of searching across medical
disciplines.

Methods
SEARCHING FOR RANDOMISED CLINICAL TRIALS ON

VISION

In 1991, in collaboration with the health sciences
library at the University of Maryland at Baltimore, we
developed a two stage search strategy designed to
identify randomised clinical trials in vision research. A
clinical trial was defined (by C Meinert, 1991) as any
planned therapeutic, diagnostic, or preventive study
involving humans comparing concurrently one
intervention (drug, device, or procedure) to another
intervention, placebo, or no intervention to determine
their relative safety and efficacy. Randomised trials
were those in which treatment was truly randomised by
using a computer generated list or a random numbers
table or in which a quasi-randomisation method, such
as assignment to treatment by medical record number,
was used. Our overall goal was to develop a register of
published trials in vision research. The activities
described in this article were related to a pilot study for
developing the register; the study was designed to
devise the best possible strategy for identifying as high
a proportion as possible of published randomised
clinical trials.
The first search ofMedline for reports ofrandomised

clinical trials published in 1988 was relatively broad
both in terms of the subject matter covered and the
methodological MeSH (medical subject heading)
terms (details of strategies used in this study are
available from corresponding author). Citations and
abstracts retrieved by the first search were reviewed,
and potentially relevant trials were downloaded into
Pro-Cite version 1.41 using Biblio-Links.
To determine the "gold standard," all journals that

had appeared at least once in the first Medline search
results (44 journals) were selected for hand searching
for articles reporting randomised clinical trials of
research on vision. Thirty nine of the 44 journals
were available in local libraries. An additional 27 oph-
thalmology and optometry journals were selected for
hand searching because they included English abstracts
and were available in local libraries. Fourteen of these
journals were not indexed in Medline. Thus a total
of 66 journals were hand searched and reports of
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randomised clinical trials photocopied for our files.
When it was not clear whether an article described a
randomised trial, it was given the benefit of the doubt
and included in the initial set of articles we used to
refine our search strategy.

In the second part of the vision study we performed
an analysis of the text words contained in the title and
abstract and the MeSH terms used to index the reports
found by the first Medline search and hand searching.
This information was used to devise a second Medline
search strategy, designed to be more sensitive than the
first. The list of references retrieved was reviewed, and
new trials were identified and their reports retrieved
from the library. These reports plus those identified
initially were reviewed by two of us (RS and KD)
independently for inclusion in the gold standard.
We further tested the second Medline search strategy

by applying it to articles published in 1989. Subse-
quently, we hand searched for 1989 the four journals
publishing the greatest number of randomised clinical
trials on vision in our 1988 gold standard.

Additional information and analysis
There were two situations in which it was not clear

whether an article described a randomised trial.
In the first, when articles were published in languages
other than those we read, we had the article translated
to the degree necessary to determine whether it met our
definition of a randomised clinical trial. In the second,
when it was not clear from the written report whether a
random (or quasi-random) method had been used to
allocate patients to an intervention, addresses were
obtained and letters requesting this information were
written to the first authors of the reports. Second and
succeeding authors were written to if no address was
available for the first author. If the author stated that
the trial used a specific method to randomly assign
patients to treatment the report was included in the
gold standard. We made no attempt to verify statements
in published reports.
We compared the 1988 results ofour first and second

Medline searches with the gold standard to calculate
the sensitivity and precision of the searches. For 1989
reports, we compared the results of the search with the
1989 gold standard compiled by hand searching the
four journals. Preliminary results of our search67 have
here been updated subsequent to translation of articles
and correspondence with authors.

SYSTEMATIC REVIEW

Identification ofstudies
We included only articles that reported results of

searches for randomised clinical trials in the methods
section or when confirmed by correspondence with the
author(s). Our focus on trials is related to our interest
in systematic reviews of trials evaluating selected
interventions. Several published studies on the
sensitivity of Medline searching which were not
limited to searching for randomised clinical trials were
therefore not included.
We identified studies for our review by using both

formal and ad hoc methods. Because of our interest in
the problem of Medline searching, one of us (KD) has
conducted Medline searches over the years to identify
relevant articles. These search strategies have not been
standardised; rather, they have depended on the use
of text words such as "Medline" and "searching."
Bibliographies of these and other related articles have
been reviewed for pertinent reports. For this review,
CL performed a formal search ofMedline and Embase
for articles not previously identified. Also, through an
international meeting of investigators who conducted
original research in this area, convened in November
1992 at theUK Cochrane Centre in Oxford, we learned

of new publications not identified using the other
methods described.

Letters were written to authors of studies when
additional data or clarifications were needed for our
analyses. Thus, some information relating to studies in
this systematic review may not have been published
previously or may differ slightly from that in the
published article.

Gold standard
The studies included in the review varied somewhat

in their approach, but all compared the results of a
Medline search to a gold standard of known, published
randomised trials. There were three types of gold
standards based on known published trials: trial
reports published in journals, books, or proceedings,
including publications not indexed by Medline; trial
reports published in journals indexed in Medline; and
trial reports published in selected Medline journals.
For example, the searches for randomised clinical
trials of intraventricular haemorrhage and neonatal
hyperbilirubinaemia8 used the Oxford Database of
Perinatal Trials, which included trial reports from a
variety of sources as the gold standard. On the other
hand, searches for pain trials9 focused on seven selected
journals covered by Medline; this gold standard was
developed by hand searching these journals back to
1966.
In several cases authors of individual studies

excluded articles from the numerator (number of
studies identified) of the sensitivity and precision
calculations because certain criteria for the review were
not met. For example, criteria in Dickersin et al
required articles in English, published between 1966
and 1983.8 In such cases, articles not meeting the study
criteria were also excluded from the denominator
(either the gold standard or the number of citations
identified by a search). Two studies reported cases
where articles should have been included in the
Medline database, by virtue of being published in a
journal indexed for Medline, but were not.'01' In such
cases, these articles were allowed to remain in the
Medline gold standards, even though they were not in
the Medline file.

Analyses
Analyses compared the sensitivity and precision of

results of the Medline search for the individual studies
and combined these findings by adding numerators
and denominators to obtain weighted means. When
an article described the results of multiple search
strategies we used the results from the strategy
providing the highest sensitivity when we calculated
sensitivity. Similarly, when calculating precision, we
used figures corresponding to the search providing the
highest sensitivity. In two cases, a second group of
investigators replicated a search and came up with a
strategy that improved the sensitivity of the search
(Poynard and Conn12 and Bernstein"3; Silagy'4 and
Jadad and McQuay"l); we reported only the higher
sensitivity, where the denominators (gold standards)
were identical. Since there was 100% concordance in
the gold standards used by Silagy and Jadad and
McQuay, and a single sensitivity was extracted for our
meta-analysis, we considered these articles to represent
a single "study."
We also explored the individual search strategies in

an effort to understand differences in retrieval rates.
Possible reasons for less than optimal sensitivity
were classified into five broad categories: limited
use of subject matter MeSH terms; limited use of
methodological controlled vocabulary (MeSH, check
tags, and publication types); limited use of freetext
subject matter terms; limited use of freetext methodo-
logical terms; and limited use oftruncation.
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Results
SEARCHING FOR RANDOMISED CLINICAL TRIALS ON

VISION

The gold standard for randomised clinical trials
on vision published in 1988, developed by using a
combination of hand search and Medline search,
comprised a total of236 reports classified as randomised
clinical trials (table I). Forty eight of the reports (20%)
were in languages other than English; 222 (94%) were
published in Medline journals and 14 (6%) elsewhere.
The first Medline search for articles published in

1988 resulted in 219 references, of which 105 were
classified as randomised clinical trials (table II)-a
precision of 48%. The sensitivity of the first Medline
search was 44% (105/236) in comparison with the gold
standard that included all randomised clinical trials
published in any journal, and 47% (105/222) for trials
reported in Medline journals.
The second Medline search resulted in 1520 refer-

ences, of which 193 were identified as randomised
clinical trials (precision= 13%). Sensitivity ofthe search
using all known randomised clinical trials as the gold
standard was 82% and sensitivity using only trials
listed in Medline was 87%. The second search identified
eight trials missed by both the first Medline search and
the hand searches, as well as 24 trials appearing in
17 journals not originally hand searched. A hand
search of four of these journals (those that contained
more than one citation) resulted in no further additions.
The results of the Medline search for articles

TABLE I- "Gold standard" for randomised clinical trials in vision
research published in 1988: number (percentage) of reports of
randomised clinical trials in Medline and non-Medline journals by
language

Language Medline journals Non-Medline journals Total

English 183 (82) 5 (36) 188 (80)
Other 39 (18) 9 (64) 48 (20)

Total 222 (100) 14 (100) 236 (100)

TABLE II-Sensitivity and precision of Medline searches for randomised clinical trials of research on vision

Sensitivity (%)
No of

No of randomised clinical trials Precision Overall Medline journals Selected journals
citations found (0/o) (n=236) (n=222) (n=61)

1988:
Search 1 219 105 48 44 47
Search 2 1520 193 13 82 87

1989*:
Search 2 272 54 20 88

*Four journals searched.

TABLE IIt "Best" sensitivity ofMedline searches*

Proportion (of "gold standard") identified (%)

Any Any Select
Year First author Topic publication Medline journal Medline journals

1985 Dickersin Intraventricular haemorrhage (19/34) 56 (19/32) 59
Hyperbilirubinaemia (28/96) 29 (28/88) 32

1985 Poynard** liver disease (107/279) 38
1988 Bernstein** Liver disease (155/195) 79
1989 Ohlsson Pregnancy (10/13) 77 (10/11) 91
1990 Hofrnans Acupuncture (57/98) 58 (56/67) 85
1991 Getzsche Rheumatoid arthritis (128/200) 64 (128/140) 91
1992 Kleijnen Homoeopathy (18/107) 17 (18/23) 78

Vitamin C (22/61) 36 (22/28) 78
Ginkgo (14/45) 31 (14/18) 78

1994 Dickersin Ophthalmology (193/236) 82 (193/222) 87
Unpublished Lacy Newborn (8/17) 47 (8/17) 47
1989 Kirpalani Newborn (28/53) 53
1993 Jadad Pain (126/153) 82
1993 Jadad/Silagy Primary care (179/204) 88
1994 Dickersin Ophthalmology (54/61) 88
1994 Adams Mental health (388/746) 52
1994 Solomon Surgery (17/37) 46

(Totals) Weighted means (604/1186) 51 (651/841) 77 (792/1254) 63
Range 17-82 32-91 46-88

*Some numbers may vary from publication because clarified by communication with author.
**Same search team and subject.

published in the four selected journals in 1989, using
the second strategy, were similar to those for 1988 in
terms of sensitivity. Sixty one reports classified as
randomised clinical trials and published in one of
the four journals comprised the gold standard. The
Medline search retrieved 272 citations for the four
journals, of which 54 were confirmed as randomised
clinical trials (precision=20%, sensitivity=88%).

SYSTEMATIC REVIEW

For our review, we identified 12 relevant articles
published in journals,0' 12-20 data from three studies
not yet published at the time of our review,"' 1222 and
data from the first part of our study, reported above
(referred to in tables III-V as Dickersin 1994). In each
case, investigators performed Medline searches and
compared the results of the searches with various gold
standards ofknown trials.
Of the 16 studies identified that examined Medline

searching for randomised clinical trials, we obtained
information useful for this review from 15. On average,
the studies indicated that a Medline search, even when
conducted by a trained searcher, yielded only 51% of
all known trials (range 17-82%; table III). With a gold
standard of only those trials in journals available on
Medline, sensitivity was better but still disappointing,
at 77%, and for studies that used specially selected
Medline journals as a gold standard the weighted
average sensitivity was 63% (46-88%).
Some of the studies that investigated the sensitivity

of Medline searching also examined strategies that
would maximise sensitivity while minimising the
number of citations that would have to be reviewed for
potential relevance. The results of these studies show
that there is wide variation in the "precision" that can
be achieved in searching. For some topics, thousands
of citations must be examined to achieve acceptable
sensitivity; for others, a relatively small number of
citations require review (median precision 32-5%
(2-82%); table IV).
The differences in the sensitivities achieved with

searching may be due to earlier studies having limited
their use of subject matter MeSH terms too severely,
either in the area of subheadings'2 or other related
terms'8 19 (table V). Other common deficiencies are
limited use of free text terms and limited use of
truncated text terms.

Discussion
The sensitivity of Medline is 51% when the gold

standard is all known randomised clinical trials
published in journals indexed in Medline and in those
not indexed in Medline. Thus, if comprehensive
systematic reviews of randomised clinical trials depend
solely on Medline searches they will omit about half of
the available studies. It is not even possible to identify
all the published trials in journals indexed in Medline
by using Medline (weighted mean=76%).
There are about 22 000 active medical serial titles,23

of which about 16000 can be classified as journals;
only about 3700 ofthese are in Medline. Not all 16 000
journals are likely to publish the reports of randomised
trials, but many report results of randomised clinical
trials presented at meetings, only half of which ever
reach full publication.24 It might be argued that the
quality of reports in non-Medline journals is lower than
that of reports in Medline journals and thus missing
randomised clinical trials reported in non-Medline
journals in a systematic review might be relatively
unimportant-but there is no evidence that this is so.

INADEQUATE INDEXING

Sensitivity was much better, about 77%, on com-
parison of the results of Medline searching only with a
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TABLE Iv-Precision ofMedline searches (proportion oftrials retrieved that are relevant)

No of No
Year Author Topic relevant trials retrieved

Any Medlinejournal
1985 Dickersin Intraventricular haemorrhage 19 36

Hyperbilirubinaemia 28 39
1988 Bernstein Liver disease 155 9 643
1989 Ohlsson Pregnancy 10 125
1991 Gotzsche Rheumatoid arthritis 128 738
1992 Kleijnen Homoeopathy 18 52

Vitamin C 22 81
Ginkgo 14 46

1994 Dickersin Ophthalmology 193 1 520
Unpublished Lacy Newborn 8 21

Total (weighted mean; median) 595 12 301

Select Medlinejournals
1989 Kirpalani Newborn 28 34
1993 Jadad Pain 126 245
1994 Dickersin Ophthalmology 54 272
1994 Adams Mental health 388 662

Total (weighted mean; median) 596 1 213

Grand total (weighted mean; median) 1 191 13 514
Range

TABLE v-Possible reasons for non-optimal sensitivity of "best"Medline searches

Limited use ofMeSH terms Limited use offree text termn

Year First author Subject matter Methods Subject matter Methods

1985 Dickersin
1985 Poynard
1988 Bernstein
1989 Kirpalani ./
1989 Ohlsson
1990 Hofinans
1991 G0tzsche
1992 Kleijnen
1993 Jadad
1993 Jadad/Silagy
1994 Dickersin
1994 Adams (in press) * *
Unpublished Lacy No data No data
1994 Solomon

*Adams et al did not use any "subject" terns in their search strategy. Instead they used joumal titl
retrieval.

gold standard of known randomised clinic
are included in the Medline file. This prop
and should be 100%; the problem results
inadequate indexing, for which there
reasons. Firstly, until fairly recently there
emphasis on developing MeSH terms
matter rather than methodology. For exa
was no suitable descriptor term to describe
tion as a methodology until RANDOM ALLC
introduced in 1978. RANDOMIZED CONTRO
was introduced in 1990 as a descripto
RANDOMIZED CONTROLLED TRIAL was in
1992 as a publication type. Secondly,
suitable descriptor terms were available, ti
been and continue not to be applied cot
indexers acting for the National Library
(P L Schuyler et al, second international
peer review, 1993; C Lefebvre et al, confer
evidence-based health care system: the cas
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trial registries" at National Institutes of Health, 1993).
Thirdly, authors may not have described their research
methods clearly enough to allow accurate indexing
of methodology. For example, 11% (25/236) of the
trials comprising the broadest gold standard in any
publication of vision research could not be verified as
randomised clinical trials by readers and required
confirmation by a letter to the author. For an additional
37 articles, the authors did not respond to inquiries or
could not be reached. These articles may have been
randomised clinical trials but could not be included in
the gold standard because their status remains unclear.

FACTORS AFFECTING SENSITIVITY AND PRECISION

The calculation of sensitivity requires comparing the
82 results of a Medline search with a gold standard of
51 known randomised clinical trials. Two major factors20
59 will influence this calculation. The first is the compre-
(49; hensiveness of the gold standard. It is likely that
4955) the more comprehensive the gold standard, the less

(9; 33) sensitive the Medline search, particularly if the gold
(2'/o-82%) standard includes many randomised clinical trials in

journals not indexed in Medline. Thus, differences
across studies in sensitivity may be related to the
completeness of the gold standard or of the field itself.

iUmrnited use of We examined the available data by using three possible-trnmcated text
terms gold standards, so the sensitivities presented therefore

address different questions. The sensitivity of searches
using trial reports from any publication as a de-
nominator expresses, at least theoretically, the
probability of identifying all published randomised
clinical trials in a field, although few gold standards are
likely to be complete. The sensitivity of searches using
reports from any Medline journal as a denominator
expresses the probability of identifying randomised
clinical trials known to be available on Medline.
Assuming the investigators have done a thorough job,
this gold standard is more likely to be "complete"

le to restrict their because the universe of trials indexed in Medline is well
defined. The gold standard using selected Medline
journals can be easily checked for reliability and

al trials that validity because it uses a specific subset of journals
ortion could published within a defined time period. If the journals
mainly from included in this gold standard were representative of all
are several journals over all time periods it would determine an
has been an overall sensitivity of Medline searching. It is not likely
for subject to be representative, however, and thus its chief value
ample, there is that the denominator of the sensitivity calculation
randomisa- (the gold standard) is likely to be accurate.
)CATION was The second factor influencing the calculation of
LLED TRIALS sensitivity and precision estimates is the quality of the
or term and Medline search. Because Medline is a highly structured
troduced in database with complex indexing rules, a certain level of
even when skill and experience is necessary to achieve good
hey have not (sensitive and precise) results. Untrained Medline
nsistently by searchers are unlikely to find a high proportion of all
of Medicine the relevant references. Any effort to increase the
congress on number of relevant references retrieved is likely to be
ence on "An at the expense of precision, so that an unacceptably
,e for clinical high proportion of irrelevant references may need to be

reviewed.
Our systematic review indicates that Medline

searching for randomised clinical trials achieves a
median precision of about 33%. Sensitivity was highest
when precision was at or below 35%, and decreased as
precision increased (figure). The point at which to

0 balance precision and sensitivity must be decided by
the individuals performing the systematic reviews.
For example, some studies included in our review
knowingly omitted terms that would have increased
sensitivity (COMPARATIVE STUDY, for example) because
precision would have been severely compromised.

86 100
Sensitivity may also vary within subject matter

80 100 categories and journals searched, although this has not
been examined systematically.
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LANGUAGES

From the study of searching for vision trials, we
leamed that 18% of the relevant Medline articles and
20% overall were not in English. Most (29/37) of the
articles that remained unclassified were not reported in
English. The proportion of randomised clinical trials
overall that are written in languages other than English
is no doubt higher than our experience from Medline
suggests. Had we searched Embase (the Reed-Elsevier
Excerpta Medica database), which includes many
European language joumals not indexed for Medline,
we would undoubtedly have identified additional trials
in other languages. These findings imply that excluding
from a meta-analysis studies published in languages
other than English or limiting a search to Medline will
result in more than a trivial number of studies being
omitted. A comprehensive search of several databases
and non-English publications may lead to considerable
translation expenses, depending on the project under-
taken. Whether an article reports a randomised clinical
trial may not be apparent even after an article has been
translated. We recommend not translating the entire
article until someone who is able to read the language
ascertains that it is or may possibly be a randomised
clinical trial.

IMPROVING RETRIEVALTHROUGH MEDLINE

Retrieval of randomised clinical trials through
Medline can be improved in three ways:

improve terminology used in reports so that it is
clear that they describe the results of a randomised
clinical trial;
improve indexing so that all randomised clinical

trials are indexed with the appropriate publication type
term RANDOMIZED CONTROLLED TRIAL; and

improve strategies used to search for randomised
clinical trials. Use of truncation and both subject
matter and methods textwords are particularly
important.
The first strategy relies on editors taking the lead.

Until editors require adequate descriptions of study
methodology in the title or abstract, as well as the
methods section, of every article published we cannot
expect adequate indexing. Indexers can apply a study
design term only if authors explicitly describe the
design. For example, a tag of RANDOMIZED CON-
TROLLED TRIAL cannot be applied if authors never state
that the study was randomised. Authors and editors
must consider the indexing when they are writing,
taking special care that the title and abstract are
informative and precise; use of structured abstracts
should facilitate this.
Improved indexing relies on training and quality

measures taken by the National Library of Medicine
and also on the availability of indexing terms. Recent
changes in Medline indexing should result in more
sensitive searches in the future.

Searchers can improve retrieval of randomised
clinical trials from Medline in several ways. In our
vision study we used a two stage search strategy. We
searched one year first, identified the journals that
published randomised clinical trials, hand searched
those journals for a single year, identified additional
MeSH and freetext terms that would have proved
useful in identifying articles, and performed a second
Medline search incorporating these new terms. Hand
searching journals (in our study, 66 journals for 1988)
to create a gold standard might seem daunting, but it
does provide information on the indexing of the
randomised clinical trials that were not picked up by
the first search. Modifications of this approach are
possible. For example, one could combine the results
of a first Medline search with trials identified by other
means (for example, review of lists of references

incorporated in reports of trials identified by the first
search). Jadad and McQuay suggest that combining a
Medline search with a selective hand search just of
published conference abstracts (such as are found
in journal supplements) and letters is a reasonable
approach when funds for hand searching are limited.9
More research is needed as to whether performing a
two stage search, such as described here, or a single
Medline search plus hand search will achieve a similar
sensitivity.
Advances have been made in developing new

searching strategies, primarily through comparison of
existing strategies and their results. Our review of the
strategies used for 12 of the 15 studies included in our
meta-analysis found that limited use of textword
searching was the most consistent defect. (Our
evaluation is potentially biased, however, because we
are also authors or advisers on search strategies
designed for several of the articles included in the
systematic review.)

UNPUBLISHED TRIALS

Improving Medline searching does not address the
issue ofhow best to identify the 25-50% of trials started
but never published,25 or the problem of identifying
reports published in non-Medline journals. Linking
international databases (Medline and Embase, for
example) may help. In addition, access to "grey"
literature (literature not formally published, such as
research reports, policy documents, dissertations, and
conference abstracts) remains difficult. The advent of
specific grey literature databases such as SIGLE,
produced by the European Association for Grey
Literature (a group of national information and
documentation centres devoted to providing access to
such literature) has improved the situation, but much
research remains inaccessible. This literature is not
insignificant, and trials reported there may not see
full publication elsewhere: on average, only 50% of
abstracts reporting the results of randomised clinical
trials reach full publication.24
Although some authors advocate not making the

effort to identify unpublished trials because the data
26 dt

have not undergone peer review, excluding data from
unpublished trials will lead to a loss in precision of the
estimate of an effect size. In addition, failure to publish
is associated with "negative" results (results that are
not statistically significant); this association results in
a publication bias.25 Publication bias has serious
implications for unbiased data collection for a syste-
matic review. Publication bias extends beyond the
failure to publish a report: Stewart and Parmar found
that data are selectively omitted from published
articles, and they recommend that all systematic
reviews be based on data on individual patients rather
than published reports.27 The conditions required for
this approach, however, are not available to most
reviewers.
Those planning to undertake meta-analyses should

not underestimate the difficulty or expense of perform-
ing a well conducted systematic review. There is no
question that the choice of methods used for data
collection is the key to the validity of such a review.
Right now, the only alternatives to electronic searching
are development of trials registers and use of hand
search. Both are costly. But if health care is to be based
on all available evidence rather than selected evidence,
these costs must be borne or the reviews may be
misleading.

REGISTERS OF RANDOMISED CLINICAL TRIALS

Systems for registration of trials should be available
to facilitate unbiased data collection for systematic
reviews. We are currently participating in the Cochrane
Collaboration28 and are in the process of developing

BMJ VOLUME 309 12 NOVEMBER 19941290



such a register in collaboration with the National
Library of Medicine. Cooperation from investigators
and journal editors, as well as support from funding
agencies, will be needed to make this effort a success.
The first step is to identify all published randomised

clinical trials through electronic and hand searching of
the literature. We have devised a generalised search
strategy (Appendix), based on the results of this
review, that will be used to develop the core of the
register. The strategy is in three stages: stage one (sets
1-8) includes terms with high precision, stage two (sets
9-24) includes terms with moderate precision, and
stage three (sets 25-34) includes terms with low
precision but which provide optimal sensitivity. Each
stage is limited to exclude reports solely of animal
studies, but retains reports indexed as human and
animal, and neither human nor animal.

Journal editors are being asked to arrange for hand
searches of their own journals to ensure that all
randomised clinical trials published in them will be
included in the register and thus will have the best
opportunity for inclusion in systematic reviews. The
University of Maryland will coordinate the activities
involved in identifying reports of randomised con-
trolled trials and ensure that these reports are forwarded
to the National Library of Medicine for retagging with
an appropriate "publication type" term. In addition to
the existing publication type term RANDOMIZED
CONTROLLED TRIAL, which was introduced in 1991, the
National Library of Medicine has agreed to introduce
a new publication type term, CONTROLLED CLINICAL
TRIAL, from January 1995. This will be used to tag all
reports in Medline that meet the Cochrane Collabora-
tion's criteria for defining a controlled trial but do not
meet the library's criteria for indexing under the more
specific term RANDOMIZED CONTROLLED TRIAL. Both
terms will be applied retrospectively to reports
identified by the electronic and handsearching activities
described above. Tagging with the new term should
become less important as editors insist on explicit
descriptions of study methodology which will enable
accurate tagging with RANDOMIZED CONTROLLED TRIAL.
The second step of development is prospective

registration of all randomised clinical trials. Many trial
registers in specific subject areas already exist,2930 and
the International Collaborative Group on Clinical
Trials Registries has been working towards such a goal
for several years.31
The National Institutes of Health sponsored an

international conference in December 1993 entitled
"An evidence-based health care system: the case for
clinical trial registries," focusing on all aspects of trial
registration and bringing together many of the leaders
in this field. There is considerable optimism that the
scientific, medical, and information communities are
moving towards making unbiased data collection for
systematic reviews more possible. The implications for
evidence based health care are great.
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