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Abstract. The search strategy of a literature review is of utmost importance as it
impacts the validity of its findings. In order to build the best query to guide the
literature search on clinical decision support systems applied to nursing clinical
practice, we developed an iterative process capitalizing on previous systematic
reviews published on similar topics. Three reviews were analyzed relatively to their
detection performance. Errors in the choice of keywords and terms used in title and
abstract (missing MeSH terms, failure to use common terms), may make relevant
articles invisible.

Keywords. Nursing informatics, Clinical decision support systems, Systematic
reviews, Precision, Recall

1. Introduction

The literature surrounding the clinical use of clinical decision support systems (CDSSs)
in healthcare suggests that these systems are effective to some extent. Published studies
usually report on CDSSs targeted on physician performance [1], but the number of studies
exploring the success of CDSSs in improving nursing clinical practice has increased in
the last years [2], showing there is still room for improvement. In order to develop a
CDSS with positive impacts on nursing process, we started with a review of the literature.
The search strategy of systematic reviews is of utmost importance, as the quality and
validity of the review’s findings could be directly affected by the completeness and
relevance of identified articles. Errors made in the search process may indeed result in a
biased or otherwise incomplete list of articles for the review.
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While it is almost impossible, although expected, to build a search strategy that
identifies all the relevant scientific articles related to a certain scope, researchers thrive
towards having the most comprehensive search results. In practice, this is performed
through searching various scientific bibliographic databases (BDBs) such as Embase,
Cochrane Library, Web of science, MEDLINE, etc. (the latter being the most popular
among researchers in the biomedical sciences field) through a query built using a formal
syntax specific to each search engine. While a plethora of scientific and educational
resources exist regarding methods to correctly query bibliographic databases, the rate of
errors in search strategies of reviews is surprisingly high, reaching 90% with at least half
of the errors affecting recall [3]. This also affects Cochrane reviews which is considered
as the gold standard [4].

The objective of this work is to analyze the search strategy of published reviews
related to CDSSs in nursing practice in order to elaborate an optimized comprehensive
search strategy for a systematic review on this topic.

2. Methods

First, a Medline/PubMed query was constructed by two of the authors (CAK and BS), in
accordance with the PRESS Guideline Evidence-Based Checklist. The question
framework and its delineated concepts were defined, and related terms were harvested so
as to build a comprehensive list of conceptual synonyms. The query was built by
identifying and extracting the controlled vocabulary terms (i.e., MeSH terms) and in-text
synonyms (i.e., “common terms”) that best expressed the research question and the
components of the search segments.

As usual, Boolean operator OR was used between terms relative to the same concept
in the search segment, so as to increase sensitivity, and Boolean operator AND was used
to combine the search segments in order to improve the specificity of retrieved results.
Only articles in English, concerning human research, published between 2000 and 2022,
with abstract and full-text available were included. The query initially returned 1581
articles among which we found 23 reviews. Reviews with narrow scope (e.g., use of
CDSSs in homecare) or specific to one domain or specialty (e.g., use of CDSSs for
pressure ulcers) were excluded to only keep eight reviews [1,2,5-10] with a general scope
on CDSSs in nursing. These eight reviews all together had selected a total of 138 articles
that we used to revisit the query iteratively, adding and removing terms, to gauge the
search strategy to include the articles among the 138 articles that were relevant to our
search. We finally reached an optimized query that returned a total of 3,283 results.

In a second step, the time frames covered by the eight reviews of interest were
analyzed (Figure 1). We finally selected three reviews [2,9,10] for evaluation on a
common data extraction period (2014-2017), excluding old reviews (more than 10-year-
old). The optimized query filtered on the same period (2014-2017) yielded 578 articles.
Two of the authors (CAK and AS) independently screened all titles, abstracts, and full
texts when needed, to classify articles as relevant, non-relevant or may-be relevant
(posters, commentaries, short papers were excluded). Consensus between the two
researchers was used to resolve any discrepancies. In total, 145 relevant articles published
between 2014 and 2017 were finally included to build the “reference list” (RL).

The performance of each of the three reviews to support our search was assessed
through the computation of precision defined as the proportion of retrieved articles



C. Abi Khalil et al. / Developing a Comprehensive Search Strategy for the Systematic Review 593

relevant to the review query, and recall defined as the proportion of relevant articles
successfully retrieved by the query.

We adopted a proxy measure based on the comparison of articles retrieved by the
reviews and articles included in the RL, assumed as the Gold Standard. We considered
that articles retrieved by the reviews were relevant when they were also included in the
RL (true positives). Thus, we defined precision as the ratio of the number of articles
retrieved by the review and included in the RL to the number of articles retrieved by the
review, and recall as the ratio of the number of articles retrieved by the review and
included in the RL to the number of articles included in the RL. To get the number of
articles included in the RL but missing in the reviews, authors (CAK, AS, and JR)
analyzed the full text version of the 145 RL articles taking into account the scope of each
review and the inclusion and exclusion criteria that reviews’ authors used.

[Randell et al., 2007)
[Anderson etal, 2008] [
[Lee et al,, 2013]
[Piscotty et al. 2014]
[Dunn Lopez et al., 2016]
[Borum et al., 2018]
[Mebrahtu et al., 2021]
[Akbar et al., 2021

[Inception .... [ 2000] 2001]2002] 2003] 2004]2005] 2006] 2007] 2008] 2009] 2010 2011] 2012] 2013 AN PV

Figure 1. Time frames of reviews to select the largest period that covers the maximum of recent reviews.

3. Results

Akbar et al., [2] retrieved 15 articles in Medline on the [2014;2017] time frame. However,
three articles were eliminated because out of the scope of our query (one article had no
abstract available, one article was a commentary, and one article was actually a poster)
leading to only keep 12 articles for [2]. Thus, the three selected reviews returned 12 [2],
8 [9], and 8 [10] articles in compliance with the inclusion criteria of the optimized query,
among which, 11, 5, and 3 articles, respectively, were included in RL.

The optimized query succeeded in retrieving additional 27, 2 and 8 articles published
between 2014-2017 and eligible for inclusion for respectively [2], [9] and [10]. Precision
on Medline in the selected period is 91.70% (11/12) for [2], 62,50% (5/8) for [9], and
37.50% (3/8) for [10]. In the same way, recall is 28.90% (11/38) for [2], 71.40% (5/7)
for [9], and 27.30% (3/11) for [10]. Results are displayed in Table 1.

4. Discussion

Results show that the majority of articles included in reviews are indexed in Medline
(15/17 in [2], 8/8 in [9], and 8/9 in [10]), which confirms Medline as the most efficient
bibliographic database for retrieving original articles in the biomedical informatics field.

The optimized query didn’t retrieve articles yet included in the reviews, 1 in [2], 3
in [9], and 5 in [10]. Taking into account that the article in [2] was also included in [9],
the optimized query missed 8 articles. For all these 8 articles, the term nurse or its
variation was absent in the title and in the abstract (e.g., more general terms were utilized
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like healthcare workers). The article found in [2] and [9] should have been retrieved in
the RL, and will be added to the final list of results. When refining the query (to get from
1581 returned articles to 3283), we tried to include the relevant missing articles.
However, we stuck to a query we wanted to be focused on CDSSs for nursing practices
taking the risk to miss some articles (mainly because of indexing errors in such articles).
The remaining seven articles were out of the scope (and will not be added to RL).

Table 1. Precision and recall for the 3 selected reviews computed from papers published in [2014;2017], articles
retrieved from BDBs and Medline (M), included in RL and included in RL but not retrieved by the review.

#returns # articles # articles # articles # articles Precision Recall

Revi in in BDBs/M [2014-2017] [2014-2017] [2014-2017] on M on M
eview BDBs/M in BDBs/M inRLandin | inRL and not
review in review

Akbar et al. 1019/141 28/25 17/15(12) 11 27 91.70% 28.90%
[2]
Borum [9] 29/ NA 9/9 8/8 5 2 62.50% 71.40%
Mebrahtu 49,852/ 35/33 9/8 3 8 37.50% 27.30%
et al. [10] 9,549

When performing a specific Medline search, we cannot foresee to what extent the
search will be successful. Calculating precision and recall can help in understanding and
tuning the search strategy. Therefore, when starting a systematic review, it is of major
importance to have some sense of how the query is performing. Given the inverse
relationship between precision and recall, unusually high precision rate may be indicative
of overly restrictive searching at the expense of the complete identification of relevant
studies (recall). For instance, the review of Akbar et al., [2] was interested in studying
the effects of CDSSs solely used by nurses on decision-making, care delivery, and patient
outcomes. Despite the large scope and the number of outcomes included, it achieved a
high precision and a low recall. This can be related to missing synonyms and controlled
vocabulary (MeSH terms) in the query, narrowing the results to only 141 articles from
Medline despite many outcomes were searched.

Having almost the same scope, Mebrahbtu ef al. [10] studied the effects of CDSSs
on nursing and allied health professional performance, and on patient outcomes. This
review has low precision and low recall. However, the initial query for this review was
made of very broad terms and the authors deliberately aimed at a high recall (49,852
returns). Reviewers must be prepared to maintain rigorous screening standards in the face
of large search retrievals. It is also important to know that Mehrabtu ez a/. [10] limited
the types of studies to include only methodologically sound studies (such as randomized
controlled trials), which may explain why we only added 8 studies from the RL, as
compared to Akbar ef al. [2] where we added 27 articles.

Borum [9] has a very specific scope focused on the barriers to the use of CDSSs
perceived by nurse practitioners in hospital settings. The high recall may explain why we
didn’t find a significant number of missing articles regarding this topic.

Some limitations of our work are that we only assessed Medline database, we
restrained the time frame to [2014;2017], we only considered three reviews, and we
restricted the search to the literature on CDSSs for nursing practice. In addition, we
proposed a proxy measure for precision and recall assuming the RL was the gold
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standard. Thus, true positives in our work may be different from those considered as true
positives in the three reviews. Lastly, it is important to take into consideration that
missing references in reviews may be due to factors beyond the control of reviews’
authors. Indexing errors (coming from missing MeSH terms, or forgotten common terms
in title or abstract) may lead to make relevant articles unavailable to systematic reviews.

5. Conclusion

Errors in queries are present in the majority of reviews which may limit recall and
precision of search strategies. A good compromise between the two measures should be
sought, in order to reach an acceptable tradeoff between result comprehensiveness and
resource utilization/workload. This is why, before conducting a literature review in the
domain of computerized decision support systems in nursing, we wanted to develop a
comprehensive search strategy by identifying the necessary concepts, finding MeSH
terms and synonyms, avoiding syntax errors, and comparing and gauging the query to the
body of existing knowledge and fine tuning it in order to have a comprehensive return.

While waiting for machine learning techniques to automate the screening of relevant
studies while conducting systematic reviews, human effort would be required for the
foreseeable future.
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