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Evaluation of the usefulness of Internet searches to identify
unpublished clinical trials for systematic reviews
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Abstract. Primary objective: To avoid selection and publication bias, systematic
reviewers should employ a broad range of search techniques and make efforts to locate
unpublished studies. We tried to establish whether searches on the World Wide Web
(WWW) are useful to identify additional unpublished and ongoing clinical trials.
Research design: Search strategies of seven Cochrane systematic reviews were
retrospectively adapted for the WWW in an attempt to find additional randomized
controlled trials.

Methods and procedures: A search strategy with the general pattern ‘study methodology
NEAR intervention NEAR condition’ for the Internet search engine AltaVista was
evaluated by measuring search time, recall of Internet searches for published studies;
precision (proportion of webpages containing hints to relevant published and
unpublished randomized clinical trials); number of additional unpublished or ongoing
studies found on the Internet.

Main outcomes and results: We reviewed 429 webpages in 21 hours and found hints to 14
unpublished, ongoing or recently finished trials, at least 9 were considered relevant for 4
systematic reviews. The recall of Internet searches to find references to published studies
ranged between 0% and 43.6%, the precision for hints to published or unpublished studies
range between 0% and 20.2%.

Conclusions: Information on unpublished and particularly ongoing trials can be found on
the Internet. A potential problem is the appraisal of non-peer reviewed electronic
publications with questionable quality. More powerful search tools are needed. An
‘Open Trial Initiative’ is proposed to define a syntax for publishing trials on the web
and to ensure interoperability of trial registers, so that special search engines can
harvest information on ongoing and complete clinical trials.

Keywords: Information storage and retrieval, Internet; Data collection; Meta-analysis;
Clinical trials; Evaluation studies; Publication bias; Recall; Precision;, Evidence-based
medicine.

1. Introduction

Systematic reviews and meta-analyses are important methods for synthesizing
research and evidence-based medicine. An international organization that prepares
and maintains systematic reviews in the healthcare field is the Cochrane
Collaboration [1].

Systematic reviews differ from traditional opinion-based, narrative reviews, as
they do not represent the views of a selected expert, but aim to be a genuine,
objective summary of all of the best evidence of effectiveness of a given
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intervention, including published and unpublished trial information, in English or
in any other language. Systematic reviews have a strict methodology that is
stipulated in a published scientific protocol, which sets out the parameters of the
research to be undertaken, for example the aims of the review, the search
strategy and the types of trials to be looked for.

A major threat to the validity of systematic reviews and meta-analysis is
publication bias, i.e. the systematic overestimation of intervention effects
resulting from the fact that trials with positive results tend to be published more
frequently [2-5] and earlier than those with inconclusive or negative outcomes
[6]. To avoid publication bias, an important aspect of a systematic review is to
use multiple sources and strategies to identify trials and also to take the results
of unpublished trials into account. Although how unpublished data should be
evaluated and incorporated into a systematic review is still a somewhat
controversial issue, there is consensus that unpublished data should not be
systematically excluded and that efforts should be undertaken to identify
information beyond searches in bibliographic databases and the published
research literature [7-9]. Traditional methods to identify unpublished studies
which are recommended in the Cochrane Collaboration Handbook include
searches in trial registers, checking reference lists, hand searching [10], and
personal communication [11]. These methods, as well as the standard search
strategy for bibliographic databases [12], are all well evaluated and have been
proven to be useful.

The role of the Internet for information identification is less clear. Although
there are anecdotal reports of reviewers indicating that searches on the Internet
may be useful to identify studies [13, 14] to date there has been no systematic
investigation to evaluate the usefulness of the Internet for locating additional
evidence nor have any search strategies been developed or evaluated. The
Cochrane Collaboration Handbook and most Cochrane Collaborative Review
Groups currently give no recommendation on whether and how the Internet
should be used in the process of a systematic review. Also, little or no
information is available on the suitability of different Internet search tools and
search strategies for Systematic Reviews. In issue 2/1998 of the Cochrane
Library [15] only in two out of 377 complete systematic reviews authors
mentioned that they conducted a search of the Internet. Consequently, it is also
not clear how ‘incomplete’ (and thus potentially biased) systematic reviews,
which did not include Internet searches, are compared to those who did.

The hypothesis tested in this study was that searching the Internet with a
generic search engine can lead to identification of additional studies which have
not been mentioned by authors of systematic reviews who did not perform
Internet searches. We also intended to answer some more practical questions
useful for reviewers, such as what kind of websites would contain hints to
unpublished studies, which search tools and strategies would be feasible and
whether information can be retrieved and appraised in a reasonable amount of
time. Experiences from searching the Internet to answer clinical questions [16]
and considerations regarding quality of Internet information [17, 18] raise the
question whether the signal-to-noise ratio of information on the World Wide
Web (WWW) is good enough to use it as a serious research tool. Another aspect
of this paper was to provide future directions of research to develop search tools
for reviewers.
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2. Methods

2.1. Pilot study to identify suitable search tools and strategies

This study focuses on the usefulness of general Internet searches with robot-
based search engines. Search engines are software programs which continuously
‘crawl’ and index the WWW [19]. They do not index content in dynamic
databases such as PubMed or trial databases [20].

For this study we first had to identify suitable search engines which were
powerful enough to handle complex queries (table 1). A complex (Boolean)
query string is required for searching clinical studies on the web, because in
contrast to bibliographic databases, web documents have not been indexed with
keywords from a controlled vocabulary. Moreover, while bibliographic databases
only contain the abstracts of scholarly documents, which increases the a priori
likelihood to find a relevant article, the Internet contains millions of irrelevant
documents such as product descriptions or patient information. Therefore, a
carefully designed, specific search must be conducted, as otherwise thousands of
irrelevant documents will be retrieved. Thus, the possibility to link synonyms
with an OR operator, to truncate word stems and to do a proximity search with
a NEAR operator (specifying that two words must appear in the same sentence
or close to each other) are crucial for conducting specific Internet searches.

2.2. Search strategy

As in all information retrieval processes, searching the Internet requires a
trade-off between recall and precision. Depending on the manpower available to
check web pages and also depending on what retrieval precision can be achieved
in the respective topic area, the development of a search strategy is to a much
larger degree a subjective process than for example development of a search
strategy for a bibliographic database.

Our proposed search strategy connects the three concepts ‘intervention’,
‘condition’ and ‘trial’ with NEAR operators, e.g. ‘(study or trial or random* or
evaluat¥*) NEAR (intervention OR intervention-synonyms) NEAR (condition
OR condition-synonyms) (figure 1). NEAR operators allow to limit the search
to documents where the connected concepts occur close to each other. The use
of the AND operator instead mostly leads to a large number of ‘false positive’
hits. This search strategy puts emphasis on specificity rather than sensitivity.
For some topics, where less documents can be found on the web, more sensitive
searches with AND replacing NEAR operators, may be possible.

For the ‘intervention’ and the ‘condition’ concepts, different synonyms should
be added, connected by OR. Word stems with truncation operators should be used,
so that documents using words in different grammatical forms or spelling variants
or other languages can be found. The maximum length and complexity of a query
string is typically very limited by the search engine, thus very complex queries are
not possible or must be replaced by subsequent independent searches (not done in
this study).

2.2.1. Narrowing search. Our search protocol specified the following measures
to be taken if the initial search leads to too many hits. Some resulting pages
were viewed and it was established, which search terms appeared to lead to
unspecific results. Stepwise, these unspecific search terms were removed,
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(study OR trial OR random* OR investigat* OR evaluat*)
NEAR (intervention OR intervention synonym)
NEAR (condition OR condition synonym)

Too many

Add synonyms using OR Too few Remove ORed

B . . No of pages .
and consider truncation synonyms/truncations e
Broaden search Narrow search (false positives).
ok Consider phrase search.
No of pages ok
Too few
Synonyms
available

No Synonyms
removable
Replace NEAR with AND
Consider using NOT
Too few
Try ,,Intervention Too man
NEAR condition® v

Too few A ok ok
f No of pages Screen pages No of pages

Figure 1. Search strategy to locate hints to randomized controlled trials on the Internet using AltaVista.

synonyms rephrased or truncations deleted if they led to false positive results.

Although not used in our searches, using capital letters could in certain cases
also narrow the search and avoid undesired results (change for example ‘aids’
into ‘AIDS’-AltaVista searches are case-sensitive if the search term is written in
capital letters). Similarly, in certain cases also a phrase search, for example
‘Graves disease’, or the use of NEAR operators for combining words which
belong together (for example, atopic NEAR eczem*) could be considered. As a
last resort, irrelevant pages may be filtered out by using the NOT operator.

2.2.2. Broadening search. To broaden the search (find more documents), our
search protocol prescribed the identification of further synonyms using the
United Medical Language System (UMLS), and combination of them with
OR. Spelling variants and terms in foreign languages could be added.
However, search engines are extremely limited in their ability to digest long
search strings, thus the number of synonyms that could be used was restricted.

Although not used in these searches, investigators may further broaden the
search by stepwise replacing NEAR by AND, for example ‘study AND
(intervention NEAR condition)’, or ‘study NEAR (condition AND
intervention)’, finally using AND between all three concepts. For very specific
searches it may also be worthwhile to remove the ‘study’ concept and to attempt
to search only for the ‘intervention NEAR condition’ or even ‘intervention AND
condition’ concepts, although this usually leads to a high number of false
positive hits.
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2.3. Selection of systematic reviews and adaption of search strategies for the WWW

We randomly selected a sample of seven Cochrane systematic reviews (CSRs)
that were marked as ‘updated’ from the Cochrane Library Issue 2, 1998 (table
2). In none of these CSRs reviewers described that they have used the Internet.
In order to adapt their search strategies for the web we analysed the
bibliographic database search strategies described in the methods sections of
these systematic reviews and adapted the search terms for the AltaVista search
strategy. The search strategy was narrowed if the number of hits exceeded 200
according to our algorithm presented in figure 1. The resulting AltaVista search
strategies for the CSRs are presented in table 2.

After the final search strategy had been determined, Internet searches were
conducted in December 1998. web pages were screened for any references to
published information or hints to ongoing or unpublished research in the
question relevant for the systematic review (‘relevant’ here means that we felt
that the studies should be assessed by the reviewers in detail whether they
should be included or excluded for the review). Links were followed as
appropriate. The time spent for searching and initial appraisal was recorded.

If references to published literature were found on the webpage, these were
compared with the references to included or excluded studies or ‘trials awaiting
assessment’ cited in the systematic review. Concordant findings were recorded
and used for a recall estimate.

2.3. Recall and precision estimates

Accepted measurements to determine the utility of a information retrieval
system or search strategy are recall and precision [21]. Similar to the measures
sensitivity and specificity for diagnostic tests, these are defined as follows:

Number of documents retrieved and relevant
Recall =

Number of relevant documents

Number of documents retrieved and relevant

Precision = -
Number of documents retrieved

As an estimate for the sensitivity of our searches we calculated the recall of
published studies, defined as the number of published studies (references)
retrieved on the web divided by total number of published studies mentioned as
‘included’ or ‘excluded’ in the systematic review (table 2, column 7). This
should not be confused with the actual recall of trials (defined as hints to
published and unpublished studies found on the web divided by the total
number of relevant published or unpublished studies), as this figure could only
be determined if the denominator would be known. As this is never the case (we
don’t know how many unpublished trials for a given question exist), we used the
recall of published trials as an indirect estimation.

The precision of the search was calculated as the number of web pages with
hints to published or unpublished (including planned or ongoing) studies
possibly relevant for the systematic review divided by the total number of
documents retrieved. Whether to choose to use the number of web pages
containing hints or the number of hints to distinct studies as denominator for
the precision estimate was not critical in this case, as each page pointed to a
different study.
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2.5. Critical appraisal

If hints to planned, ongoing or unpublished studies were found, we tried to
gather as much information as possible about the study, for example by
contacting the authors of the web page or the investigators of the trial, and by
conducting MEDLINE searches to see whether the study was already published.

In order to determine whether the study was potentially relevant for the
systematic review, we contacted the CSR authors and asked them to comment
on the potential relevance of the studies found. We also asked whether these
studies had been known to them.

As a further hint of the relevance of a study identified on the web, we checked
MEDLINE and the latest version of the systematic reviews (Cochrane Library Iss.
1/2000) in March 2000, 15 months after the searches were conducted, to see
whether the formerly unpublished study had in the meantime been published
and/or mentioned in the systematic review as ‘ongoing’, ‘excluded’, ‘included’ or
‘study awaiting assessment’.

3. Results

3.1. Results of the pilot study to identify suitable search engines

Table 1 shows the results of a pilot study, first performed end of 1998 and
repeated and updated in March 2000. We evaluated nine major generic and two
medical search engines for their ability to handle complex queries. Only one
search engine, AltaVista, turned out to be sufficiently flexible and powerful to
handle complex Boolean queries involving truncations and proximity operators.
Google and NorthernLight are new search engines that were not available in 1998.

NorthernLight is noteworthy as it contains an additional database with indexed
full tests of journal articles, e.g. from newspapers or medical journals. T'wo other
search engines, Medical World Search [22] and MedHunt [23], work with an
underlying medical thesaurus such as the MeSH (Medical Subject Headings) or
UMLS (Unified Medical Language System) and allow concept based searches,
i.e. they automatically also find pages which contain synonyms, allow
translations into other languages and explosion of search concepts to include
more specific terms. However, the total number of web pages indexed by these
search engines is very low.

In summary, only AltaVista was found to be suitable for this study, but future
systematic reviewers may also use and compare other search engines.

3.2. Hints to published and unpublished studies

For four out of the seven systematic reviews a total of 59 hints to published and
14 hints to unpublished studies were found (table 2). The remaining three
systematic reviews, for which we found no hints or references, were all ‘mini-
reviews’ with very few randomized controlled trials included in the review.

The 14 hints to unpublished (i.e. not published in peer-reviewed journals as
full papers) studies were found on:

e five department or institution homepages describing ongoing research;
e two personal homepages of researchers stating their research interests or
ongoing projects;
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e two online published conference proceedings or meeting abstracts;

e two online published announcements of grants or funding awared;

e one online published press releases of departments or institutions containing
information about ongoing or recently finished studies;

e one online published full paper (unrefereed); and

® one website designed for recruitment of study participants.

We did not encounter any web pages of institutional review boards (IRB’s) or
ethics committees, listing approved research projects or publishing protocols on
the web.

References to published studies were found in reference lists of web articles, on
virtual journal clubs or online published tables of content of printed journals.

Among the hints to published studies two first appeared to be hints to
unpublished studies, but a closer investigation revealed that they were already
published and mentioned in systematic reviews: one department homepage
mentioning an ‘ongoing trial’ was outdated, the study was already finished and
published [24].

Another web page contained a meeting abstract about an ongoing trial, which
also has been published as a full paper [25]. The abstract was not cited in the
systematic review, but the full paper was.

3.3. Critical appriasal of hints to unpublished studies

In total, we found 14 hints to unpublished studies. Where possible and
necessary, we contacted the authors of the studies by fax or e-mail and asked
whether it was a randomized controlled trial and whether it was published or
unpublished.

® Nine of these studies were considered relevant for the systematic review and not
mentioned in the systematic reviews in Cochrane Library 2/1998. All of these
studies were ongoing randomized controlled trials as of 1998, except one asthma
education trial, which was published already in 1997 [26]. Three of these studies
were later (after the Internet searches) published: one Asthma RCT [27], one
OSA trial [28] and one ACT trial [29] (the latter referring to a RCT already
conducted in 1991).

e Two asthma studies were, after contacting the investigators and asking for
details, found to be probably not relevant for the systematic review, as one was
not a randomized trial, and the other referred to a software system for use by
clinicians during consultation, which is probably outside of the scope of the
systematic review, which focussed on self-management for patients with asthma.

® In three cases (all asthma trials), the relevance of the studies for the systematic
review remained unclear.

3.4. Quality issues

We encountered an interesting quality problem, which may be characteristic for
Internet searches. We found a online published paper with the title ‘Buteyko
Breathing in Asthma: A Controlled Trial’, published on the apparently
commercial website ‘Buteyko New Zealand Ltd.’, which promotes videos and
courses on a special breathing technique, the Buteyko breathing technique
(BBT). We were unable to find this study in Medline, but after contacting the
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investigators we found out that the trial had just been published in the Medical
FJournal of Australia in the very same week that we conducted the search [27]. It
is interesting to note that the online published study (now no longer online) was
not exactly identical with the article published in the peer-reviewed literature.
The version published in the peer-reviewed journal contained a description of
the adverse events in both study arms and the discussion raised the possiblity of
study contamination as ‘some of the BBT subjects who were experiencing
difficulties with the technique were contacted frequently by the Buteyko
therapist ..., which leaves the study open to the criticism that the BBT group
were influenced in ways the control groups were not’. This information was
omitted in the online version.

4. Discussion

4.1. Principal findings

To our knowledge, this is the first study evaluating the usefulness of the
Internet for conducting systematic reviews and shedding light on the future role
of the Internet in synthesizing research. It may even be an example of what
Jadad and colleagues call a ‘needed synergy between the Internet and evidence-
based decision making’ [30].

The primary aim of this study was to find unpublished studies, as it is clear
that bibliographic databases are far better suited to search for published trials.
This study shows that the proposed search strategy for the Internet has the
potential to identify unpublished and especially ongoing studies for systematic
reviews. We found 14 web pages containing information about unpublished
trials, including at least nine trials that appeared to be relevant but were not
mentioned in the systematic reviews. The reason that these trials were not
mentioned in systematic reviews however, was not necessarily failure of the
reviewers to identify them, but it appeared that they were still ongoing or just
recently finished studies. We found no evidence for a trial that remained
unpublished because of negative results, but our insight into the results of the
studies which have not yet been published remains limited as we had no access
to the original data and we don’t know which of them will eventually remain
unpublished.

4.2. Potential problems of Internet searches

Today’s search engines are subject to considerable limitations. Not only do they
cover only a fraction of the web [20], they are also unable to index information
contained in dynamic databases such as trial registers or on password-protected
pages, and most are not able to handle the more complex queries necessary to
search for trials. Not surprisingly, Internet searches do not perform very well in
picking up published studies. The recall for references of published studies in
three studies was 8.8%, 27.5% and 43.0%, respectively, and 0% for four
systematic reviews (table 2). It is unclear to which degree these recall figures
also reflect the potential of Internet searches to retrieve ongoing studies.
Unpublished studies generate numerous digital traces on the Internet, such as
scientists announcing ongoing research on their homepages or recruiting
participants online, so that it could be argued that ongoing trials could be no



214 G. Eysenbach et al.

less difficult to find than published studies. The main reason why it is so difficult
to find hints to published or unpublished studies on the web is that very few web
authors use metadata and a controlled vocabulary (such as the Medical Subject
Headings).

The development of a Internet search strategy is not trivial and should be
conducted by an experienced Internet searcher. To alleviate this problem, we
propose to develop specialized search engines for trial searches, especially to
overcome the language bias and allowing concept-based searches. Such a
specialized search engine could also contain expert knowledge on which sites
ongoing studies are published and access dynamic databases and meta-trial
registers.

Another concern is the quality of information retrieved. In two instances we
encountered outdated web pages, which pointed to apparently ongoing trials,
which in reality were already finished and published. More importantly, the
appraisal of online published studies which have not been published in the peer-
reviewed literature is difficult and time-consuming. Reviewers must be wary of
promotional, non-peer-reviewed material on the web and — even if an article
appear to be peer-reviewed — must expect that online published material can be
different from the published peer-reviewed article, as the case described above
illustrates.

4.3. Limitations of this study

The primary aim of this study was to develop and evaluate a search strategy for
finding trials on the Internet. We did not attempt to show a bias of systematic
reviews where no Internet searches were performed as compared to a systematic
review where the Internet was searched. This would have required us to obtain
the complete results from the studies which we found on the Internet and to do
a systematic review in parallel with another group which develops a systematic
review without Internet searches.

One limitation of this study is that the Internet searchers were no domain
experts. If the Internet searches had been conducted by systematic reviewers
themselves, it is possible that they may have found additional evidence. Also,
the actual reviewers may have classified some of the studies we judged as
relevant for their systematic review as not relevant. In several cases we were not
sure whether hints to studies we located were actually within the scope of a
given review (in particular in the asthma education review). We tried to
minimize these limitations by requesting help from the reviewers in appraising
the studies found.

We restricted our search to English and German sites — sites with other
languages were not evaluated and the search strategy was optimized to find
English documents. Comprehensive Internet searches may broaden the search
by including synonyms in other languages and translating retrieval pages
(AltaVista has an automastic translation tool for some languages). This could
increase the number of retrieved studies.

4.4. Conclusions for systematic reviewers

We conclude that carefully designed Internet searches may, in addition to
‘traditional’ searches in bibliographic and trial databases, represent an additional
source for identifying evidence for systematic reviews, particularly ongoing
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trials. By conducting Internet searches and identifying and prospectively
monitoring the progress of ongoing trials reviewers may reduce the risk of
overlooking evidence. In addition, grey literature such as dissertations, and
articles published in obscure journals, online journals and e-print servers may be
found using Internet searches. These sources may contain hints to negative trials
or trials that hve been finished early.

Internet searches with the proposed search strategy proved to be feasible and
resulted in search results with reasonable precision, despite the vast amount of
irrelevant information on the web. The search strategy also appears to be rather
sensitive. For example, reviewers of the OSA review mentioned in their review
that they were aware of two ongoing trials, and we also found two ongoing trials
on the web.

However, these possibilities of general web searches have to be balanced against
risk of invoking false leads and increasing the cost of reviewing. Current search
engines are subject to significant limitations in search functionality and are
unable to index information contained in dynamic web-databases. To decrease
the time and costs required to search the Internet it has been proposed to
develop a specialized search engine for locating ongoing and unpublished trials
on the web (a specialized Cochrane search engine) that is linked with meta-trial
registers [31].

While results of this study suggest that Internet searches can in some cases be
useful for detecting unpublished and ongoing studies for conducting systematic
reviews, and could avoid publication bias if reviewers follow-up the development
of ongoing trials identified on the web, we found no real reasons to suggest that
systematic reviews which are not performing Internet searches are necessarily
invalid. Nevertheless, we recommend that Internet searches are conducted in
addition to other efforts to locate unpublished evidence, such as personal
communication with experts.

Future research should compare newer search engines such as NorthernLight
and Google, as well as different search strategies. As various Internet-accessible
trial registers are being launched, it will also be interesting to evaluate their use
for locating studies and avoiding publication bias in the context of reviews. To
facilitate future research, it also seems important that systematic reviewers
carefully document their Internet search strategy in reports of systematic
reviews (rather than just mentioning that ‘Internet searches have been
performed’) so that factors influencing the effectiveness and necessity of Internet
searches can be identified.

4.5. Future role of the Internet in linking trials

To prevent unknowing duplication of clinical research and to detect
underreporting of research it has been long demanded to establish prospective
registers of clinical trials [32-35]. It is however unlikely that there will ever be
one complete central multinational database. Instead, multiple resources set up
by numerous different organizations will exist [36]. Internet technology will play
a central role in linking the evidence. As information contained in these trial
databases will probably always be incomplete, especially on an international
scale, general searches on the WWW will remain important. Even if a trial does
not make it into a trial database, authors of randomized controlled trials will
increasingly leave their ‘digital footprints’ on the Internet, in form of traces left
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by grant proposals, funding agencies, and by the process of recruiting participants.
These traces can be found by reviewers, even if the trial remains unpublished. We
recommend that funding agencies, institutional ethic committees, researchers,
patient organizations and other groups who all share a common interest (and the
ethical responsibility) in ensuring that clinical research is published [37] should
assist reviewers and researchers in this task by at least publishing trials they
have funded, approved, supported or heard of on a robot accessible web page.
This can be done for example by listing trials on a web page using the standard
format ‘randomized trial on (intervention) in (condition)’, together with study
details, trial identifier and the name and contact details of the principal
investigator, all in English, so that they can be indexed by search engines and
found by systematic reviewers.

A better way would be to agree on a common syntax and organizational
structure for representing and exchanging information about ongoing and
finished trials. XML (the eXtensible Markup Language), for example the syntax
used by McCray and Ide [38], could not only be used to represent information
internally in trial registers, but also to publish XML -tagged information on the
web, for example on department homepages by investigators themselves or
IRBs, thereby enabling harvesting of this information by specialized search
engines. Similarly, trial databases, including databases designed to recruit
patients such as Centralwatch, should ideally be interoperable [39]. Much as the
Santa Fe Convention of the Open Archives initiative presents a technical and
organizational framework designed to facilitate the discovery of content stored in
distributed e-print archives, an ‘Open Trial Registry’ initiative is needed to
facilitate knowledge discovery about ongoing and finished clinical trials, to
ensure interoperability of trial registers and to enable discovery and harvesting
of this kind of information from homepages of funding agencies, institutional
review boards, individual researchers and department homepages.
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