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Abstract

Background The aim of the present study was to determine empirically which electronic databases contribute best to a literature
search in surgical systematic reviews.
Methods For ten published systematic reviews, the systematic literature searches were repeated in the databasesMEDLINE,Web
of Science, CENTRAL, and EMBASE. On the basis of these reviews, a gold standard set of eligible articles was created. Recall
(%), precision (%), unique contribution (%), and numbers needed to read (NNR) were calculated for each database, as well as for
searches of citing references and of the reference lists of related systematic reviews (hand search).
Results CENTRALyielded the highest recall (88.4%) and precision (8.3%) for randomized controlled trials (RCT), MEDLINE for
non-randomized studies (NRS; recall 92.6%, precision 5.2%). Themost effective combination of two databases plus hand searching
for RCTwasMEDLINE/CENTRAL (98.6% recall, NNR 97). Adding EMBASEmarginally increased the recall to 99.3%, but with
an NNR of 152. For NRS, the most effective combination was MEDLINE/Web of Science (99.5% recall, NNR 60).
Conclusions For surgical systematic reviews, the optimal literature search for RCT employs MEDLINE and CENTRAL. For
surgical systematic reviews of NRS, Web of Science instead of CENTRAL should be searched. EMBASE does not contribute
substantially to reviews with a surgical intervention.
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Background

Systematic reviews (SR) are a key element of the clinical
decision-making process. They are instrumental in transfer-
ring research results into evidence-based clinical practice
and ensuring the quality of medical interventions. SR of ran-
domized, controlled trials (RCT) represent the highest possi-
ble level of evidence on the Oxford Levels of Evidence scale

[1]. Evidence-based surgery has become firmly rooted, with
increasing numbers of RCT and SR published in the past two
decades.

Ample methodological research has led to the definition of
recommendations for the diverse facets of the SR process,
compiled in the Cochrane Handbook and PRISMA statement
and checklist [2, 3]. These sources do not, however, specify
which databases systematic reviewers should choose beyond
the general statement that Bthree bibliographic databases [are]
generally considered to be the most important sources to
search for reports of trials—CENTRAL, MEDLINE and
EMBASE.^ The authors’ personal experience in past system-
atic literature searches led to the hypothesis that EMBASE
may not be the optimal database for surgical topics of interest.

Specific guidance for database selection can be found in the
literature for SR in some medical areas [4–8] but not for sur-
gical interventions. The selection is oriented only by general
recommendations to search multiple classes of sources and all
relevant sources within each class. These sources include bib-
liographic databases, reference lists, trials registries, and hand
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searching of journals [9, 10]. The absence of specific recom-
mendations has led to a certain amount of uncertainty with
respect to the number and choice of the most suitable biblio-
graphic databases. For example, in the 17 SR published by the
Study Center of the Germany Surgical Society (SDGC) in the
past 5 years [11–27], multi-database searches were conducted
in 90% of SR, but the selection of individual databases varied
considerably. A median of three databases were searched,
usually chosen among MEDLINE, CENTRAL, EMBASE,
Web of Science/SCI, Biosis, CDSR, DARE, or LILACS. To
maintain the highest quality standards while optimizing time
and resource efficiency in the laborious SR process [28–31], it
is desirable to minimize the number needed to read (NNR)
[32]. A reduction in the number of irrelevant references re-
trieved by database searches may be achieved by reducing the
number of databases that are accessed.

To date, it has not been shown empirically which database
combination yields the optimum coverage of relevant refer-
ences to studies for systematic reviews of surgical interven-
tions. According to Sampson et al., the Bselection of databases
is ideally based on the potential contribution of each database
to the project or on the potential for bias if a database is
excluded, as supported by research evidence^ [9].

The aim of the present study was to provide such evidence
by empirically assessing the recall, precision, NNR, and
unique contribution of the most important electronic databases
for systematic reviews in the surgical literature. Furthermore,
the contribution of alternate sources, i.e., screening of refer-
ence lists of preceding SR and of citing references (hand
search), was to be evaluated. Based on these results, we
intended to provide a first recommendation on which database
combination to search when compiling SR of RCT and non-
randomized studies (NRS) of surgical interventions, with the
aim of maximizing coverage of relevant references, while
minimizing non-relevant search results.

Methods

This empirical study was conducted according to a predefined
protocol, provided as Additional file 1.

Generation of a representative set of systematic
reviews

A representative set of systematic reviews reflecting current
surgical research objectives was used as a basis to compile a
gold standard set of references. These SR were identified by
searching the three most high-impact journals of general sur-
gery, i.e., British Journal of Surgery, Annals of Surgery, and
Journal of the American College of Surgeons [33], for system-
atic reviews or meta-analyses published in 2012 inMEDLINE
via Pubmed. This journal selection was arbitrary, based on an

assumed greater likelihood of finding high-quality surgical SR
in high-impact surgical journals.

The search strategy was: ((BThe British journal of surgery^
[jo]) OR (BAnnals of surgery^ [jo]) OR (BJournal of the
American College of Surgeons^ [jo])) AND ((meta-analysis
[tiab]) OR (systematic review [tiab])) AND (B2012/01/01^
[pdat]: B2012/12/31^ [pdat]).

Ninety references published in the three top journals of
surgery in 2012 were identified by the search strategy. A set
of systematic reviews was selected based on the following
criteria:

& Systematic review that follows the PRISMA statement
and has searched both MEDLINE and EMBASE, as rec-
ommended in the Cochrane Handbook

& Coverage of a research question in an area of general and
abdominal surgery

& Inclusion of at least 15 RCT/NRS
& Intervention review in the fields of surgical strategy, med-

ical device, perioperative drug, perioperative nutrition or
other surgical research questions

& Non-overlapping with other included systematic reviews
in terms of surgical intervention and included studies. In
case of overlap, the review with the largest number of
included studies was used.

& Systematic reviews of diagnostic studies and of studies
without surgical intervention were excluded.

The flow of literature references is presented in Fig. 1.
Sixty-seven references were excluded following screening
the titles and abstracts, and a further four based on the full
text. The reasons for exclusion were that they described no
surgical intervention (n = 19), were no systematic review
(n = 16), included < 15 studies (n = 12), has not searched both
MEDLINE and EMBASE (n = 11), reviewed a diagnostic test
(n = 7), or were in an area other than general or abdominal
surgery (n = 6). Details are documented in Additional file 2.
The 19 eligible systematic reviews were sorted by Medline
accession number. Following exclusion of two additional SR
(n = 1 subject overlap, i.e., surgical site infection, n = 1 topic
too vast to repeat literature search, i.e., predictors of surgical
performance), the ten most recent SR were retained. They
covered a wide spectrum of relevant research questions (see
Additional file 3) [34–43].

From the included systematic reviews, the literature search
strategies or key search terms were extracted, as well as
inclusion/exclusion criteria.

Pilot searches and selection of the most relevant
databases

Two pilot searches based on the topics of two systematic re-
views were performed without time or language restrictions in
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the electronic databases listed below. To attain sound results,
these searches were selected to cover research questions in
surgery, one rather common topic from a systematic review
that included only RCT, as well as one more unusual, less
well-researched topic from a systematic review that
encompassed alsoNRS. Thus, O’Reilly et al. [38] investigated
laparoscopic versus open repair of primary unilateral inguinal
hernia, with limits to RCT published in English, and Zeng
et al. [42] studied laparoscopic versus open distal gastrectomy
for early gastric cancer in a primarily Asian population with a
majority of NRS. The following electronic databases were
searched in the pilot phase: MEDLINE, EMBASE,
Cochrane Library (covering CENTRAL, CDSR, and
DARE), Web of Science (also covering Biosis), PsycInfo,
CINAHL, and LILACS. Google Scholar was not searched,
based on recent evidence that necessary elements for system-
atic scientific literature retrieval are not available [44], and
because of excessive screening times [45].

Because of the consistently low numbers of references to
surgically relevant studies identified in CINAHL (n = 3 and 2,
respectively), PsycInfo (n = 0), and LILACS (n = 0), all fur-
ther investigations were limited to the four remaining data-
bases, i.e., MEDLINE, Web of Science, CENTRAL, and
EMBASE.

Generation of a gold standard set of references

The key search terms or search strategies extracted from the
ten selected SRwere used as a basis to develop our own search
algorithms adapted to each database. Four databases were
searched without time or language restrictions for each of
the ten selected SR topics with these algorithms. RCT filters
were employed only for SR topics for which the authors had
excluded NRS [37, 43]. The search results were transferred to

Endnote (version X7.5) and labeled with the database of ori-
gin. Irrelevant references were excluded following screening
of titles and abstracts, and the full texts were retrieved for
potentially eligible references. In addition to electronic data-
bases, references cited in related systematic reviews were
screened. At the end of the literature screening process, citing
references (defined as articles that have included a reference in
their bibliographies that was previously identified as eligible)
were retrieved from the Science Citation Index via Web of
Science and reviewed analogously.

The inclusion/exclusion criteria from the original system-
atic reviewswere applied to the identified trials by one review-
er to determine eligibility and checked by the other. Any dis-
agreements were resolved by consensus. All eligible refer-
ences, complemented by any references included in the pub-
lished reviews but not identified by our search, were retained
as a gold-standard set of references.

Analysis of database performance

The set of references found in each database was assessed
against this gold standard. Venn diagramswere used to present
the number of references identified through each of the four
included databases.

For each database, the following analytical measures were
computed using a customized file in Microsoft Excel 2010,
each with 95% confidence intervals assuming normal distri-
bution of the effects:

& % recall (sensitivity) as weighted means with 95%
confidence intervals (number of relevant reports iden-
tified through this source (true positives) divided by
total number of relevant reports in existence (true pos-
itives + false negatives))

Records identified through MEDLINE
search:
n = 90

13 SR not retained, reasons:
n = 1 subject overlap (surgical site infection)
n = 1 topic too vast to repeat literature search (predictors 
of surgical performance)
n = 11 sufficient number of SR included, none further
needed

SR used as a representative set to
generate a gold-standard set of included
studies:
n = 10 

67 references excluded, reasons:
n = 19 no surgical intervention
n = 16 no systematic review
n = 12 <15 included studies
n = 11 has not searched both MEDLINE and EMBASE
n = 7 review of a diagnostic test
n = 6 area other than general or abdominal surgery 

Eligible SR based on selection criteria:
n = 23

Fig. 1 Study flow in the search
and selection of SR
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& % precision as weighted means with 95% confidence in-
tervals (number of relevant reports identified through this
source (true positives) divided by total number of reports
identified through this source (true positives + false
positives))

& Number needed to read (NNR) with 95% confidence in-
tervals (1/precision)

& % contribution of Bsingle-database references^ (number of
reports uniquely contributed by this database divided by
total number of relevant reports in existence (true posi-
tives + false negatives)) as weighted means with 95%
confidence intervals

& Retrieval odds ratios computed in analogy to diagnostic
odds ratios [46] and corresponding 95% confidence inter-
vals, representing the association of relevant reports iden-
tified through each source with the total number of rele-
vant reports within the full sample (true positives/false
positives)/(false negatives/true negatives)

A contingency table is presented in the supplemental infor-
mation (see Additional file 4).

The results were stratified by type of study (RCT, NRS).
For Bsingle-database references,^ i.e., the number of reports

uniquely contributed by one database, the question whether
these could also be identified by hand search was also
examined.

Finally, the precision and recall of combinations of the best
databases were computed.

Results

Generation of a gold standard set of references

The ten selected SR covered a range of topics in surgery. The
median number of references screened per single SR was 694.
Taken together, the SR reviewed a sum of 265 references to
relevant studies. A median of 25 studies (RCT and/or NRS)
and 1890 patients were included per SR (Table 1). Typically,
the electronic databases searched by the review authors in-
cluded MEDLINE, EMBASE, and CENTRAL, often
complemented with one other database.

Systematic literature searches for each of their topics were
repeated in MEDLINE, Web of Science, CENTRAL, and
EMBASE. Fifty-one thousand four hundred eighty-five were
retrieved by electronic database searching, or a median of
4155 per SR. The records identified were screened based on
the inclusion/exclusion criteria defined in each SR. This
yielded a set of 509 included publications, complemented by
16 publications identified by hand searching (cited references
search in Web of Science and citation lists of related reviews)
and two not found by our search but cited in the original SR.

The gold standard set thus encompassed 527 references, of
which 265 (50.3%) were cited in the original SR. One hundred
fifty-nine references (30.2%) were published subsequently.
One hundred one references (19.2%) were published within
the search period of the SR but not identified and cited by the
SR authors, because our search was likely more exhaustive
than that of the SR authors in terms of search terms employed
and databases accessed (see Additional file 5). For RCT, the
proportion cited in the original SRwas larger (63.3%), with 25
RCT (17.0%) missed by the review authors and 28 RCT
(19.0%) published subsequently.

Analysis of database performance

Searches in three large literature databases MEDLINE, Web
of Science, and EMBASE each retrieved a large proportion of
the gold standard set of 527 references to relevant studies
(481, 444, and 461, respectively, Fig. 2a), whereas the recall
in CENTRAL was lower (146 references). The other sources
that were investigated, i.e., the reference lists of preceding SR
and citation searching, recalled 399 references. The unique
contribution by literature databases was largest, in absolute
terms, for Web of Science (n = 13 references uniquely identi-
fied by this database, of which 4 were, moreover, not covered
by the reference lists of preceding SR or by citation searching)
and MEDLINE (n = 11, of which 7 were not covered by the
reference lists of preceding SR or by citation searching). The
reference lists of preceding SR or by citation searching con-
tributed 16 additional unique references not found in any
database.

For the 147 RCT in the gold standard set, searches in all
four investigated databases led to comparable levels of recall
(129 for MEDLINE, 119 for Web of Science, 130 for
CENTRAL, and 128 for EMBASE, Fig. 2b). All databases
except EMBASE contributed one unique RCT reference to the
gold standard set. The most important contributors of NRS
references were MEDLINE (352/380), EMBASE (333/380),
and Web of Science (325/380). Web of Science and
MEDLINE identified most unique references (12 and 10,
respectively).

Table 2 gives an overview of the quantitative results ob-
tained, stratified by references to randomized vs. non-
randomized studies.

The results for electronic databases showed that
MEDLINE had the highest recall overall and for NRS, closely
followed by EMBASE and Web of Science. CENTRAL is a
database focused on RCT but ca. 20% of indexed studies are
high-quality non-randomized, controlled clinical trials.
Unsurprisingly, it was the most sensitive in retrieving RCT,
but added little when searching for NRS. The precision was
highest for CENTRAL, the database with the lowest number
of references retrieved, and lowest for EMBASE.
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The unique contribution rate was greatest for MEDLINE
and Web of Science, both for RCT and NRS, as well as
CENTRAL for RCT. The % contribution of Bsingle-database
references^ were substantially lower for EMBASE.

CENTRAL did not contribute unique NRS. It is important to
note that no RCT filter was used in 8/10 searches within the
present study, so that when searching specifically for RCTand
using a filter, the NNR will effectively be lower.

Table 1 Characteristics of included SR

SR Topic Databases searched Refs.
screened (n)

Studies (n) Patients
(n)

Bhangu [34] Outcomes following emergency surgery for
Clostridium difficile infections

MEDLINE, EMBASE, CENTRAL 461 31 NRS 1433

Constantinides [35] Retroperitoneoscopic vs. laparoscopic
adrenalectomy

MEDLINE, EMBASE, CENTRAL Ovida 682 2 RCT, 20 NRS 1966

Fung [36] Safety and complication profile of colonic
SILS

MEDLINE, EMBASE, CENTRAL 71 38 NRS 565

Marimuthu [37] Immune modulating nutrition vs. standard
diet for open GI surgery

MEDLINE, EMBASE, CENTRAL SCI 1214 26 RCT 2496

O’Reilly [38] Laparoscopic vs. open repair of primary
unilateral inguinal hernia

MEDLINE, EMBASE 2280 27 RCT (34 refs) 7161

Shabanzadeh [39] Laparoscopic vs. open surgery decreases
surgical site infection in obese patients

MEDLINE, EMBASE, CENTRAL 2981 8 RCT, 36 NRS 59,370

Trastulli [43] Single-incision vs. conventional laparoscopic
cholecystectomy

MEDLINE, EMBASE, CENTRAL,
CINAHL

241 13 RCT 923

Venkat [40] Laparoscopic vs. open distal pancreatectomy MEDLINE, EMBASE, CENTRAL 818 18 NRS 1814
Xiong [41] Stent vs. no stent in

pancreaticoduodenectomy
MEDLINE, EMBASE, CENTRAL 705 5 RCT, 11 NRS 1726

Zeng [42] Laparoscopic vs. open gastrectomy for early
gastric cancer

MEDLINE, EMBASE, CENTRAL,
CKRID

827 5 RCT, 18 NRS 3411

a It remains unclear from the publication which database was searched via Ovid, which is not in itself a bibliographic database but a search platform

BJS, British Journal of Surgery; CKRID, China Knowledge Resource Integrated Database; CWG, Cochrane Wounds Group; ERIC, Educational
Resources Information Centre; SILS, single-incision laparoscopic surgery; WoS, Web of Science

Fig. 2 Venn diagrams with
number of studies identified by
database (MEDLINE via
Pubmed): a for all studies, b for
RCT only, and c for NRS only
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The retrieval odds ratio, which describes the odds of re-
trieving a reference by searching a specific database, allowed
ranking the four databases by search efficiency. For RCT, by
far the most efficient database was CENTRAL, followed by
MEDLINE, Web of Science, and EMBASE. For NRS, the
ranking was found to be MEDLINE, then Web of Science,
EMBASE, and CENTRAL.

There were 27 Bsingle-database references^ in sum, 11 from
MEDLINE, 13 fromWeb of Science, 1 fromCENTRAL, and 2
from EMBASE (see Fig. 2a; Additional file 6). For these, an
assessment was also made to determine whether they could
alternatively be identified by other means that should be part
of any systematic review search strategy, such as the screening
of citation lists or citing references.

Table 2 Recall, precision, NNR, unique contribution, and retrieval odds ratio by electronic database, stratified by RCT and NRS

Recall (%) Precision (%) NNR (n) Unique contribution (%) Retrieval OR

RCT

MEDLINE 87.8 [82.2–93.3] 1.9 [1.4–2.4] 53 [42–73] 0.7 [0.0–1.4] 16.0 [10.7–21.3]

WoS 81.0 [75.3–86.6] 1.5 [1.2–1.7] 68 [57–85] 0.7 [0.0–1.5] 7.0 [3.2–10.8]

CENTRAL 88.4 [83.6–93.2] 8.3 [5.2–11.4] 12 [9–19] 0.7 [0.0–1.5] 136.8 [28.7–245.0]

EMBASE 87.1 [82.7–91.4] 1.7 [0.9–2.5] 58 [40–105] 0 6.2 [2.4–9.9]

Hand search 68.7 [48.4–89.0] 2.1 [1.4–2.9] 47 [34–73] 4.8 [2.2–7.4] 6.4 [−1.2–14.1]
NRS

MEDLINE 92.6 [89.1–96.2] 5.2 [4.4–6.0] 19 [17–23] 2.6 [0.5–4.7] 28.5 [−8.1–65.1]
WoS 85.5 [77.3–93.8] 3.9 [2.7–5.0] 26 [20–36] 3.2 [1.4–4.9] 9.8 [0.9–18.8]

CENTRAL 4.2 [0–9.2] 3.9 [1.0–6.8] 26 [15–97] 0 0.7 [−7.3–8.8]
EMBASE 87.6 [84.2–91.0] 2.7 [2.1–3.4] 37 [30–47] 0.5 [0.0–1.1] 6.5 [3.7–9.4]

Hand search 78.4 [66.7–90.2] 4.8 [3.4–6.1] 21 [16–29] 2.4 [0.2–4.6] 10.8 [−2.3–23.9]

Data are presented as weighted means with 95% CI in square brackets

Table 3 Recall, precision, and
NNR for database combinations,
stratified by study type

Recall (%) Precision (%) NNR (n)

RCT

ME/WoS/EM/CE/HS 99.3 [98.5–100] 0.5 [0.4–0.6] 212 [169–285]

ME/WoS/CE/HS 99.3 [98.5–100] 0.7 [0.5–0.8] 152 [127–191]

ME/EM/CE/HSa 99.3 [98.5–100]a 0.7 [0.5–0.9]a 152 [116–219]a

ME/WoS/HS 95.9 [92.9–98.9] 0.7 [0.6–0.9] 141 [116–179]

ME/WoS 90.5 [85.9–95.0] 0.9 [0.7–1.0] 115 [96–145]

ME/CE/HSb 98.6 [97.8–99.5]b 1.0 [0.8–1.3]b 97 [79–125]b

ME/CE 92.5 [89.8–95.2] 1.4 [1.1–1.7] 70 [58–87]

ME/EM/HS 98.6 [97.1–100] 0.8 [0.5–1.0] 132 [98–202]

ME/EM 92.5 [89.2–95.9] 0.9 [0.6–1.3] 107 [78–170]

NRS

ME/WoS/EM/CE/HS 99.7 [99.3–100] 1.1 [0.9–1.3] 94 [78–116]

ME/WoS/CE/HS 99.5 [98.7–100] 1.6 [1.3–2.0] 61 [51–75]

ME/EM/CE/HSa 98.7 [96.6–100]a 1.4 [1.1–1.7]a 71 [60–87]a

ME/WoS/HSb 99.5 [98.7–100]b 1.7 [1.4–2.0]b 60 [51–73]b

ME/WoS 96.8 [93.9–99.8] 2.4 [1.9–2.8] 42 [35–52]

ME/CE/HS 98.2 [95.9–100] 2.7 [2.2–3.1] 38 [32–45]

ME/CE 92.6 [89.1–96.2] 4.9 [4.1–5.7] 20 [17–24]

ME/EM/HS 98.7 [96.6–100] 1.4 [1.2–1.7] 70 [59–85]

ME/EM 94.2 [91.1–97.3] 1.9 [1.5–2.2] 53 [45–66]

CE, CENTRAL; EM, EMBASE; HS, hand search; ME, MEDLINE accessed via Pubmed; WoS, Web of Science
a Standard combination
b Recommended combination
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This showed that MEDLINE and Web of Science contribut-
ed most references that were not identified by hand searching (7
and 4, respectively). Moreover, the results highlight the impor-
tance of searching citing references, which contributed 14
unique references and found 14 out of the 27 single-database
references. SR citation lists contributed a further 2 unique refer-
ences and detected 5 out of the 27 single-database references.
Overall, hand searching had a combined recall of 68.7%, preci-
sion of 2.1%, retrieval OR of 6.4, and unique contribution rate of
4.8% for RCT, and a recall of 78.4%, precision of 4.8%, retrieval
OR of 10.8, and unique contribution rate of 2.4% for NRS.

Precision and recall of database combinations

Table 3 illustrates the recall, precision, and NNR obtained for
several database combinations, stratified by RCT and NRS.

The complete set of databases (MEDLINE, Web of
Science, CENTRAL, EMBASE) and hand searching was
found to reach > 99% recall for both RCT and NRS, but with
a large NNR of close to 100 for NRS and over 200 for RCT.

For RCT, the typically used combination of MEDLINE,
CENTRAL, EMBASE, and hand searching was computed
to have a recall of 99.3% and precision of 0.7%, correspond-
ing to an NNR of 152. In comparison, a combination of the
two most effective databases MEDLINE and CENTRAL plus
citation searching and checking the reference lists of relevant
papers accounted for a recall of 98.6% of the gold standard set
of citations. The overall precision for this combination was
1.0%, resulting in an NNR of 97. Thus, omitting EMBASE
led to a 36% reduction of the NNR with a marginal loss in
recall (0.7%). The contribution of hand searching to this data-
base combination was substantial (6.1% greater recall). For
NRS, the highest recall from two databases plus hand
searching was obtained when searching MEDLINE and Web
of Science, with a combined recall of 99.5%, precision of
1.7%, and NNR of 60. In comparison, the standard search in
MEDLINE, Central, EMBASE, and hand searching led to a
recall of 98.7%, precision of 1.4%, and NNR of 71. A search
in MEDLINE, Web of Science, and hand searching thus leads
to a marginally improved recall by 0.8% and reduction in
NNR by 16%.

In contrast, the original SR, which also searched a median
of 3 databases, had a recall of 77.0% [95%CI, 64.6%–89.5%]
of RCTand 71.4% [95% CI, 61.7%–81.1%] of NRS based on
the gold standard set of references published within the rele-
vant time period.

Discussion

To provide an evidence-based recommendation on which da-
tabase combination to search when compiling a SR in the area
of surgery, systematic reviews with a mean of 25 included

studies were investigated. For SR of this size, the results have
made clear that the location of relevant references is a time-
and resource-intensive research activity, involving screening
of thousands of potentially eligible references retrieved by
database searches. For this reason, any gain in efficiency is
welcome. Other researchers have explored, for example, the
use of automated tools for the generation of the search strategy
[47], screening of references [48–51], as well as techniques for
rapid reviews [52, 53].

The goal of our empirical study was to reduce the numbers
needed to read by defining the most relevant set of electronic
databases to searchwhen compiling surgical SR. Computation
of a retrieval odds ratio for the most relevant databases
allowed ranking their utility in the following order:
MEDLINE, Web of Science, CENTRAL, and EMBASE for
NRS and CENTRAL, MEDLINE, Web of Science, and
EMBASE for RCT.

MEDLINE is generally recognized as the first database to
search for any topic in medicine. It is large, well-indexed, and
free of charge. When accessed via Pubmed, it is the most up-
to-date database. The great utility of CENTRAL for locating
RCT is well known and constitutes the primary aim of this
database.More surprisingwas that among the other three large
databases, EMBASE ranked third for each study type. For
RCT, this may at least in part be due to the re-publication of
EMBASE records of RCTs in CENTRAL starting 1996 [54].
This is mirrored by the strong overlap between EMBASE and
CENTRAL for the RCT retrieved (124 retrieved by both out
of a total of 131 retrieved by either, or 95%). Another factor
was certainly the large absolute number of references re-
trieved, leading to a larger proportion of irrelevant records.
Moreover, according to several authors, EMBASE has a par-
ticular emphasis on the pharmaceutical literature [55, 56].
Web of Science compared favorably with EMBASE in our
study, even though its search functions are less sophisticated
and no subject index is available. A likely reason is the cov-
erage of different journals, and the less refined search tools
may actually lead to more sensitive searches.

For RCT, the computed NNR were larger than expected,
presumably because no RCT filter was used in most searches,
which targeted both randomized and non-randomized studies.
Therefore, in real-life situations, the NNR can be expected to
be brought down substantially by the use of RCT filters.

Because researchers are typically under substantial time
and resource constraints, a combination search of
MEDLINE and CENTRAL plus hand searching may be con-
sidered sufficient for RCT (98.6% recall, 1.0% precision,
NNR of 97). For NRS, the highest recall from two databases
plus hand searching was obtained when searching MEDLINE
and Web of Science, with a combined recall of 99.5%, preci-
sion of 1.7% and NNR of 60. These precision values are in
line with those reported for a large survey of published SR,
i.e., 2.9% (1.3–8.1%) [57].
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Even these limited searches have yielded substantially bet-
ter recall than the original SR. In the context of the variable
individual search efficiency even for SR in top journals [58],
the quality of the search strategy is a highly relevant contrib-
utor to the completeness of the evidence. During the review
process of any systematic review, journals should verify that,
as recommended by AMSTAR criteria, (a) at least two elec-
tronic sources were searched, (b) the report includes years and
databases used, (c) key words and/or MESH terms are stated,
(d) the search strategy is provided, and (e) searches were sup-
plemented by consulting current contents, reviews, textbooks,
specialized registers, or experts in the particular field of study,
and by reviewing the references in the studies found [59]. A
useful resource is BAn evidence-based practice guideline for
the peer review of electronic search strategies^ by Sampson
et al. [60].

Another contributor is the use of citation searching.
Starting from a relevant reference, it allows searching forward
in time and identifying other articles that have included this
particular reference in their bibliographies, so that the method
is complementary to keyword-based literature searching.
Citation searching is provided as an electronic function by
certain literature database providers such as Web of Science
and Scopus. The importance of citation searching has previ-
ously been assessed empirically with a more limited dataset in
an unrelated medical field [61]. Wright et al. concluded based
on the low number of unique references that they retrieved that
this approach may not make the best use of time and re-
sources. In contrast, in our hands, searching the citing refer-
ences for each of the 527 gold standard references via Web of
Science retrieved a larger number of unique references beyond
the four databases searched (n = 7) than either EMBASE
(n = 2) or CENTRAL (n = 1) did beyond the other three.

Instead of adding another major database such as
EMBASE to the recommended search, systematic review au-
thors may consider searching regional databases from coun-
tries where most research in the field originates [6]. An exam-
ple would be East Asian databases for clinical studies on gas-
tric cancer, as was done in the included SR by Zeng et al. [42].

Discrepancies from the study as planned

According to the protocol, stratification of the results by pub-
lication year was planned. The results were not included in the
final manuscript, because the authors considered they did not
add anything novel to the research question but are available
as supplemental files (see Additional files 7 and 8). In short,
stratification by publication year showed that (a) the citation
lists of other SR were a good source of earlier references but
did not contribute the most recent ones; (b) citing references
contributed an over-proportional amount of citations from the
most recent 5 years; and (c) no major gap in indexing became
apparent from our data.

In the protocol, we intended to use a figure to quantify the
value of adding a database to the search of all others, the
BNNR for one additional unique reference.^ This would de-
scribe the numbers of additional articles that would need to be
screened in order to obtain one further relevant reference from
the database in question and was calculated as the NNR di-
vided by the % contribution of references unique to a single
database. However, the main message obtained from these
data, namely that EMBASE contributed least effectively to
the search results, is conveyed both more clearly and more
effectively by the results in Table 3. Therefore, these results
were left out of the manuscript.

Strengths and limitations

This is the first comprehensive empirical study quantifying the
utility of electronic literature databases in surgery. Previous
related work, performed in other medical areas, was more
limited in scope, and analytical measures reported were typi-
cally restricted to recall and precision [5, 62, 63].

The results have led to a clear recommendation as to which
databases to search for surgical SR, with the potential of im-
proving cost- and resource-effectiveness without substantial
losses in recall. Our results create confidence that methodo-
logically sound SR may be performed even without access to
the costly database EMBASE [64].

The original choice of journals to identify relevant SR may
have influenced the computed recall of the published SR
searches, if one assumes that the journal impact factor corre-
lates with the quality of the literature search. This does not,
however, affect the principal message of the present study.

Due to a large number of records that needed to be screened,
searches and screeningwere not performed in duplicate, and the
bibliographies of the 527 included references were not hand
searched. As a result, some records may have been missed.
However, the present study duplicated the searches of pub-
lished SR, thus effectively performing the third survey of the
literature on each research question, with numerous additional
included references. In addition, no bias for one database over
another is to be expected because the authors were unaware of
the origin of each record at the time of screening.

A major limitation of the study is the heavy reliance on large
bibliographic databases in the process of compiling the gold
standard set of references, which may have introduced database
bias [65]. However, this was complemented by the references
cited in published SR, of which 2/527 (0.4%) had not been
found by our searches, as well as by SR citation lists, which
contributed two additional references (0.4%). In view of these
small numbers, the resulting potential bias will be minimal.

The literature search and screening was performed by ex-
pert systematic reviewers, so that retrieval may differ in prac-
tice depending on the level of search expertise [66]. Other
authors have also detected deficiencies in recall among
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published systematic reviews attributable to the search strate-
gy, with 22/522 gold standard references not retrieved from
any database using the reported searches [63]. Our fraction of
95 references not detected out of a gold standard of 360 within
the search period of the SR (26%) was still greater.

As discussed above, no RCT filter was applied to most
research questions, with the exception of two [37, 43]. For
SR based purely on RCT, the effectiveness of searching Web
of Science over EMBASE, as quantified by the retrieval odds
ratio as well as the recall, may be lower because of the lack of
validated RCT filters for Web of Science [67, 68].

Finally, the results of the present study are limited to surgical
SR, and the validity for other medical fields remains untested.

Conclusions

For SR in the field of surgical interventions, the databases
MEDLINE and CENTRAL need to be searched as a mini-
mum when the study type is limited to RCT, and supplemen-
tation with a third database has limited benefit. For SR includ-
ing NRS, Web of Science should be added. CENTRAL may
be omitted in cases where no RCT are expected. Screening of
citation lists and citing references contributes substantially to a
comprehensive literature search. EMBASE plays a lesser role
for surgical SR.
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