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Background: Cochrane systematic reviews (CSRs) have a section ‘Implications for research’ where authors
make suggestions for improving future research. The authors of the present study assessed the prevalence
and time dynamics of different recommendations in the CSRs about anesthesia and pain. Methods:
The authors included all CSRs published by the Cochrane Anaesthesia Group and Cochrane Pain and
Palliative Care Group before 17 July 2020. The authors analyzed recommendations for improving future
research listed in the ‘Implications for research’ section of these CSRs and categorized recommendations
for improvements. Results: They analyzed 370 reviews. Four categories of recommendations were present
in more than 40% of the reviews. Most reviews recommended a larger sample size and better outcome
choice, study design and choice of future intervention. These recommendations gradually increased
in frequency in the Cochrane Pain and Palliative Care Group and mainly decreased in the Cochrane
Anaesthesia Group. Conclusion: Recommendations from CSRs offer useful advice for trialists designing
new trials.
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Background
Systematic reviews are considered the ‘gold standard’ in the evidence hierarchy because they attempt to identify,
appraise and synthesize all empirical evidence to answer a specific research question [1,2]. Cochrane systematic reviews
are reviews published in the Cochrane Database of Systematic Reviews (CDSR). They use explicit, systematic
methods that aim to minimize bias and produce more trustworthy findings [3]. Cochrane reviews are prepared by
Cochrane Review Groups, which provide authors with methodological and editorial support. Cochrane is organized
into more than 50 Cochrane Review Groups, each focusing on a specific area of health.

All Cochrane reviews have a section called ‘Implications for research’, where authors can present their ideas on
how future trials relevant to the topic for the review might be improved [4]. Previous research has shown that this
section can be useful for identifying research gaps, providing guidance to trialists [5–7]. However, such a study is not
available for the fields of anesthesia and pain, although multiple studies have explored clinical trials and systematic
reviews of clinical trials in anesthesia and pain, indicating deficiencies in trial design, reporting and the awareness
of authors regarding relevant methodological aspects [8–18].

This study examined the ‘Implications for research’ section of reviews published by two Cochrane Review Groups
with an aim to analyze recommendations for improvements to future trials in anesthesia and pain. The authors also
aimed to analyze changes over time in the most frequent categories of recommendations, as well as their frequency
for pharmaceutical and non-pharmaceutical trials.
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Methods
Study design
The authors conducted a meta-research study. They analyzed recommendations for improving future research listed
in the ‘Implications for research’ section of Cochrane reviews from the fields of anesthesia and pain. This was a
replication study that used methods similar to those of the earlier work of Pirosca et al., which focused on two other
Cochrane Review Groups [7].

Eligibility criteria
The authors assessed all Cochrane reviews published before mid 2020 by two Cochrane Review Groups: Cochrane
Anaesthesia Group (CA Group) and Cochrane Pain, Palliative and Supportive Care Group (PaPaS Group). They
limited inclusion criteria to reviews from the fields of anesthesia and pain, as PaPaS reviews also include topics such
as palliative and supportive care. However, they did include reviews in the field of palliative care that addressed the
treatment of pain in cancer patients. They included only the latest published version of each review, and the full
text of eligible reviews was retrieved from the Cochrane Library.

Search
On 17 July 2020 the authors searched the Cochrane Library using the advanced search and ‘Cochrane Group’ as a
filter.

Screening
One author (R Runjic) screened all retrieved reviews for eligibility, and another author (L Puljak) verified her
screening assessments.

Data extraction
From each eligible Cochrane review, the authors extracted verbatim the content of the ‘Implications for research’ sec-
tion in the authors’ conclusions, as well as the year when the current version of the review was published and the
type of intervention (pharmaceutical, other).

Data categorization
Recommendations for improvements to future trials were categorized, starting with the 22 categories defined by
Pirosca et al. [7]. The authors of the present study added more categories when they found recommendations that
were not covered by the categories previously published by Pirosca et al. [7]. Two investigators (R Runjic and M
Plenkovic) independently categorized the recommendations for each included Cochrane review. Disagreements
were resolved via discussion or involvement of the other co-authors.

Outcomes
The primary outcome was the frequency of each category of recommendation for improvements to future trials,
together and separately for the anesthesia and pain reviews. The secondary outcomes were the frequency of each
category of recommendation in different time periods and for the two different types of interventions.

Data analysis
The authors reported data using descriptive analysis, as frequencies and percentages.

Results
Eligibility
The authors retrieved 140 reviews published by the CA Group from 2003 to 2019 and 320 reviews published by
the PaPaS Group from 1999 to 2020. After screening these 460 reviews, the authors found 370 reviews eligible for
the study.

Out of 90 excluded reviews, 45 had been withdrawn (five from the CA Group and 40 from the PaPaS Group)
and 45 investigated topics outside the topic of interest, such as aspects of palliative and supportive care that are not
related to pain. The list of excluded reviews, with reasons, is available in Supplementary File 1.

Among the 370 included reviews, 135 (36%) were from the CA Group and 235 (64%) were from the PaPaS
Group. The list of included reviews is available in Supplementary File 2.
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Table 1. Frequency of categories of recommendations for future research identified in the ‘Implications for
research’ section of reviews published in Cochrane Anaesthesia Group and Cochrane Pain and Palliative Care
Group.
Categories of recommendations Overall use of the category

n = 370
n (%)

Use of the category in Cochrane
Anaesthesia Group
n = 135
n (%)

Use of the category in Pain,
Palliative and Supportive Care
Group
n = 235
n (%)

Larger sample size 166 (45) 64 (47) 102 (43)

Better outcome choice 160 (43) 63 (46) 97 (41)

Better design 155 (41) 43 (31) 112 (47)

Better choice of future intervention or comparator 151 (40) 47 (34) 104 (44)

Better reporting 116 (31) 27 (20) 89 (37)

Adverse events/safety 116 (31) 46 (34) 70 (29)

Additional trials needed 92 (24) 34 (25) 58 (24)

Better choice of eligibility criteria 89 (24) 31 (23) 58 (24)

Use of validated rating scales 74 (20) 16 (11) 58 (24)

Ensure blinding 71 (19) 28 (20) 43 (18)

Standardized/clearly defined interventions 70 (18) 30 (22) 40 (17)

Longer follow-up 68 (18) 15 (11) 53 (22)

Higher-quality trials needed 61 (16) 25 (18) 36 (15)

Better methodology 54 (14) 23 (17) 31 (13)

Better link to current clinical pathways 52 (14) 20 (14) 32 (13)

Use of cost–effectiveness analysis 43 (11) 18 (13) 25 (10)

Use of a set of standardized outcomes 43 (11) 10 (7,4) 33 (14)

Trials of this type are not a priority or are unlikely 38 (10) 3 (2,2) 35 (15)

Other 142 (38) 33 (24) 109 (46)

A total of 32 categories were identified; shown here are categories of recommendations that were reported in more than 10% of reviews.

Frequency of different categories of recommendations
Recommendations for research were categorized into 32 categories. Table 1 shows the frequency of the most
common recommendations. The frequency of all recommendations is reported in Supplementary File 3.

The most frequent categories of recommendations, present in more than 40% of reviews in both Cochrane groups
were larger sample size, better outcome choice, better design and better choice of future intervention (Table 1).
More than 20% of all reviews recommended better reporting, the need for additional research, more investigation
of adverse events and safety and better choice of eligibility criteria.

15% (35/235) of the eligible reviews from the PaPaS Group and 2.2% (3/135) of the reviews from the
CA Group stated that further research into the topic of the review is not a priority or is unlikely to happen.
This recommendation was most commonly explained by noting that good alternative interventions were already
available (n = 15) or that sufficient evidence was available about the studied intervention (n = 9). The details of
these recommendations are shown in Supplementary File 4.

The most common categories of recommendations that were more frequent in the PaPaS Group than in the CA
Group were better design, better reporting and use of validated rating scales. The categories of recommendations
that were more frequent in the CA Group than in the PaPaS Group were related to adverse events and safety and
the need for standardized or clearly defined interventions (Table 1).

Frequency of categories of recommendations throughout different time periods
The authors analyzed changes over time for the five most frequent categories of recommendations in each group in
2-year periods, as shown in Figures 1 & 2. The data before 2013 were analyzed together due to the small number
of available reviews.

The numbers of analyzed reviews published by the CA Group over time were 20 reviews in 2003–2013 (15%),
43 reviews in 2014–2015 (32%), 39 reviews in 2016–2017 (29%) and 33 reviews in 2018–2019 (24%). The need
for trials to have larger sample sizes is the only category of recommendation that increased in frequency throughout
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Figure 1. The five most frequently used ‘Implications for research’ recommendations for the Cochrane Anaesthesia
Group published from 2003 to 2019. The percentages shown are the averages over a 2-year period, except for the
data from 2003–2013, which were analyzed together due to a smaller amount of conducted research.
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Figure 2. The five most frequently used ‘Implications for research’ recommendations for the Cochrane Pain and
Palliative Care Group published from 1999 to 2019. The percentages shown are the averages over a 2-year period,
except for the data from 1999–2013, which were analyzed together due to a smaller amount of conducted research.

the years (from 35% of reviews in the first time period to 55% of reviews in the last time period). The frequencies
for the other most common categories of recommendations decreased (Figure 1).

The numbers of analyzed reviews from the PaPaS Group published over time were 85 reviews in 1999–2013
(36%), 61 reviews in 2014–2015 (26%), 65 reviews in 2016–2017 (28%) and 24 reviews in 2018–2019 (10%).
An increase in frequency was noted in all of the five most common categories of recommendations. Categories for
better reporting and better outcome choice increased almost threefold, while the other most common categories
had an almost twofold increase in frequency (Figure 2).

Frequency of categories of recommendations with regard to a different type of intervention
The five most common categories of recommendations were also analyzed with regard to whether the applied
intervention was pharmaceutical or non-pharmaceutical (other). As shown in Figure 3, among the reviews published
by the CA Group, 71 reviews (53%) had a pharmaceutical intervention and 64 reviews (47%) had a non-
pharmaceutical intervention. Compared with reviews with a non-pharmaceutical intervention, reviews with a
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Figure 3. The five most frequently used ‘Implications for research’ recommendations for the Cochrane Anaesthesia
Group with regard to the type of intervention.
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Figure 4. The five most frequently used ‘Implications for research’ recommendations for the Cochrane Pain,
Palliative and Supportive Care Group with regard to the type of intervention.

pharmaceutical intervention had a more frequent recommendation for a larger sample size (51 vs 44%) and better
choice of future intervention (39 vs 30%; Figure 3).

Among the reviews published by the PaPaS Group, 180 reviews (77%) had a pharmaceutical intervention and
55 reviews (23%) had a non-pharmaceutical intervention (Figure 4). Almost all of the most common categories of
recommendations were more frequent in reviews with non-pharmaceutical interventions, with categories for better
reporting (60 vs 31%), better design (56 vs 45%) and larger sample size (55 vs 40%) showing the largest difference
in frequency (Figure 4).

All raw data collected in this study, with all categorizations, are available in Supplementary File 5 (available
online at Open Science Framework: https://osf.io/6pj4m/).

Discussion
This analysis of the implications for research in Cochrane reviews from the fields of anesthesia and pain showed
that four categories of recommendations stood out, having been mentioned in more than 40% of the analyzed
reviews. Those recommendations call for larger sample size, better outcome choice, better design and better choice
of future intervention.
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The size of the sample affects the quality of the research [19]. Turner et al. investigated the effect of size on the
results of meta-analyses and defined ‘adequate power’ as ≥50% power to detect a 30% relative risk reduction [20].
They concluded that underpowered studies do not affect meta-analyses that include at least two adequately powered
studies. However, they also noticed that underpowered studies made up all of the evidence in most Cochrane reviews,
with all studies being underpowered in 70% of the meta-analyses [20]. This is reflected in the present findings, with
the need for future trials to have larger sample sizes being recommended in 45% of the analyzed reviews.

Good choice of outcomes is a crucial factor for a high-quality study. The best design and the most rigorous
methods cannot make up for a poor choice of outcomes [21]. There are many guidelines for choosing the right
outcomes [22] and an increasing number of research fields have a recommended set of outcomes, known as a core
outcome set (COS) [23]. A COS is a pre-agreed minimum of outcomes that should be measured and reported in
research in a specific field, so that similar trials can be compared and their results included in a meta-analysis as
necessary [23]. It has been previously shown that trials and systematic reviews from the field of anesthesiology are
suboptimal when it comes to using existing COSs [11–13,24,25] and that researchers may not be aware of the existence
of a COS [11,13].

The results of the present study show that the need for trials to improve their choice of outcomes is very high;
43% of the reviews recommended a better choice of outcomes, while 11% of the reviews recommended the use of
a standardized set of outcomes. A similar result was noted by Pirosca et al. [7], who found that more than half of the
analyzed Cochrane reviews recommended a better choice of outcomes. Additionally, the frequency of that category
of recommendation has increased throughout the years in the PaPaS Group. In the CA Group, an increase in the
frequency of recommendations for a larger sample size was observed, while other categories of recommendations
became less common over time. In the PaPaS Group, however, an increase in frequency was observed in all five
most common categories, with an almost threefold increase in the proportion of reviews recommending better
reporting and better choice of outcomes.

Recommendations from systematic reviews should, ideally, improve future research. However, the question is
whether trialists read and adhere to the recommendations from Cochrane reviews when designing their new studies.
It has, for example, been noted previously that trialists frequently do not mention the use of systematic reviews
when reporting the results of their trials in the field of anesthesiology [18].

In the analyzed Cochrane reviews, the calls for better design and better reporting reflect the findings of multiple
studies from the fields of anesthesiology and pain, where deficiencies have been reported and recommendations for
improvement advised [10,14–16,26–28].

It has been reported that studies of non-pharmaceutical interventions score lower on assessment of methodology
than studies of pharmaceutical interventions [29]. Some support for this was found in the PaPaS Group, but not in
the CA Group.

The ‘Implications for research’ section in Cochrane reviews has been analyzed in previous studies [7,21]. The
findings from a study conducted by Pirosca et al., which investigated two other Cochrane Review Groups, are
similar in part to the current results, with better outcome choice, better choice of future intervention and larger
sample size among the most frequent recommendations in both studies [7].

On the other hand, a recommendation for longer follow-up, which was found in more than a third of the reviews
analyzed in the study of Pirosca et al. [7], was present in only 23% of the PaPaS Group’s reviews and 11% of the
CA Group’s reviews in the present study. This difference may be due to differences in individual areas of research,
since the fields of interest for Pirosca et al. [7] were schizophrenia, multiple sclerosis and other rare diseases of the
central nervous system, all of which are lifelong diseases.

The present findings regarding differences in the frequency of recommendations for improvement in reviews
of pharmaceutical versus non-pharmaceutical interventions were not consistent. In the CA Group, reviews with
a pharmaceutical intervention had a more frequent recommendation for larger sample size and better choice of
future intervention. On the contrary, in the PaPaS Group, the most common categories of recommendations were
more frequent in reviews with non-pharmaceutical interventions. Further research on a larger sample of reviews
may be warranted to explore any systematic differences in pharmaceutical versus non-pharmaceutical reviews in
this respect.

In 2007, Clarke et al. described their analysis of the ‘Implications for research’ section of Cochrane reviews
published in 2005 [4]. Their primary aim was to determine the frequency of recommendations for future research.
A total of 2535 reviews were included and, among other results, 82% of reviews mentioned the need for a better
choice of future intervention, which is twice the proportion of reviews in the present study (41%). This does not
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necessarily mean that trials have improved on this aspect over time because there are major differences in the quality
and rigor of the conduct of primary research in different areas of medicine.

Limitations
Even though the categorization was done by two authors independently, who then resolved all their disagreements,
the authors cannot exclude the possibility that other authors would have categorized the data in this study differently.
For this reason, the full raw data, with all categorizations, are provided in Supplementary File 5 (available at:
https://osf.io/6pj4m/). In this way, readers can assess the text of the implications for research of each analyzed
review and how the authors decided to categorize that text.

It is also important to note that the authors cannot extrapolate the results from this study to reviews in other
Cochrane Review Groups due to a lack of diversity of the collected data. Cochrane includes more than 50 different
Review Groups, each specialized in a certain field, which by itself can be a confounding factor.

Conclusion
Cochrane reviews are not only useful sources of high-quality evidence syntheses but also sources of advice for trialists
regarding improvements needed in the design and conduct of future trials. The ‘Implications for research’ section
in Cochrane reviews offers insight into the shortcomings of the available trials. Thus, trialists should use these
recommendations to design better studies in the future. Funders of research could use this information in at least
these two fields to encourage authors to respond to particular design challenges highlighted in relevant systematic
reviews.

Summary points

• Four categories of recommendations were brought up in more than 40% of reviews: larger sample size, better
outcome choice, better design and better choice of future intervention.

• The most frequent recommendation for future trials overall was a larger sample size (45% of reviews).
• The ‘Implications for research’ section in Cochrane reviews has been analyzed in previous studies, and two other

Cochrane Review Groups were investigated. The results were similar in part to the present study’s results, with
better outcome choice, better choice of future intervention and larger sample size among the most frequent
recommendations in both studies.

• In the Cochrane Anaesthesia Group, an increase in the frequency of recommendations for a larger sample size
was observed, while other categories of recommendations became less common over time.

• In the Cochrane Pain, Palliative and Supportive Care Group, an increase in frequency of recommendations was
observed in all five most common categories, with an almost threefold increase in the proportion of reviews
recommending better reporting and better choice of outcomes.
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