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Abstract

An exercise was undertaken to improve the quality of animal cardiac and metabolic studies at the
Baker Heart and Diabetes Institute, Australia. The exercise consisted of: i) a short survey to
acquire baseline data on current practices regarding the conduct of animal studies; ii) a series of
presentations for promoting awareness, and providing advice and practical tools for improving
experimental design; iii) a follow-up survey 12 months later to assess whether practices had
changed. The surveys were compulsory for responsible investigators (N=16; paired data
presented). Other investigators named on animal ethics applications were encouraged to
participate (2017-total of 36 investigators; 2018-37 investigators). The major findings to come from
the exercise included: 1) a willingness of investigators to make changes when provided with
knowledge/tools and solutions which were relatively simple to implement (e.g. proportion of
responsible investigators showing improved practices using a structured method for randomization
was 0.44, 95% CI (0.19; 0.70), P=0.003, and de-identifying drugs/interventions was 0.40, 95% CI
(0.12; 0.68), P=0.010); 2) resistance to change if this involved more personnel and time (e.g. as
required for allocation concealment); and 3) evidence that changes to long term practices (“habits”)
require time and follow-up. Improved practices could be verified based on changes in reporting
within publications, or documented evidence provided during laboratory visits. In summary, this
exercise resulted in changed attitudes, practices, and reporting but continued follow-up,
monitoring, and incentives are required. Efforts to improve experimental rigor will reduce bias and

will lead to findings with the greatest translational potential.

Keywords: Experimental design, preclinical, randomization, allocation concealment, blinding

New & Noteworthy

The goal of this exercise was to encourage preclinical researchers to improve the quality of their
cardiac and metabolic animal studies by: i) increasing awareness of concerns which can arise from
sub-optimal experimental designs, ii) providing knowledge, tools and templates to overcome bias,
and iii) conducting two short surveys over 12 months to monitor change. Improved practices were
identified for the uptake of structured methods for randomization, and de-identifying

interventions/drugs.



52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

Introduction

Over the last decade there have been increasing concerns around the reproducibility of preclinical
animal research and the lack of detail provided in publications in relation to experimental design (7-
9, 29, 48). Leaders in the field have highlighted that there is a natural tendency for scientists to
“see” results and report data in a manner that confirms their original hypothesis, and that failure to
control for bias, and rationalizing behaviors such as P-hacking, can lead to results and conclusions
which are less likely to be replicated (19, 35, 42, 45). The ARRIVE guidelines (Animal Research:
Reporting In Vivo Experiments) have been developed to encourage improvements in experimental
design and reporting (28). However, while these guidelines have received endorsement from
numerous journals, universities, research institutes and funding agencies, there has been concern
that the guidelines have not been adequately implemented in practice (6). This is not helped by a
system in which individuals are judged on the numbers of publications with novel and positive
results published in high impact factor journals rather than on the number and quality of
publications with robust experimental design (44).

Investigators undertaking animal research are not typically provided with formal training in regard
to experimental design. Furthermore, until relatively recently, there have been few mandatory
requirements for reporting details such as methods used for randomization, allocation
concealment, and blinding. It is now well recognised that studies without formal procedures for
limiting bias have a high potential of leading to results and conclusions that are exaggerated (7-9,
29, 48), particularly those claiming that a particular drug/intervention provided significant benefit in
a disease animal model (36).

Here we describe an exercise in which we sought to improve the quality of animal cardiac and
metabolic studies at a research institute in Australia. The exercise consisted of: i) a short survey to
acquire baseline data on current practices regarding the conduct of animal studies; ii) a series of
presentations for promoting awareness, and providing advice and practical tools for improving
experimental design; and iii) a follow-up survey 12 months later to assess whether practices had
changed. Throughout the process, investigators were assured that this was not an exercise with
repercussions on performance, but rather a process to obtain honest answers from investigators to

understand any barriers/challenges hindering laboratories from undertaking more formal
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procedures for reducing bias. It was emphasized that honest answers would provide an opportunity

to identify solutions for improving the quality of preclinical animal research.

Materials and Methods

Study overview

The Baker Heart and Diabetes Institute (Melbourne, Australia) undertook an exercise to evaluate
and improve practices encompassing the performance of preclinical research. An overview of the
entire process is presented in Table 1 and included 1) presentations, 2) two short surveys rolled
out approximately 12 months apart, 3) practical tools for encouraging improved practices, and 4)
follow-up from senior members of the Institute, i.e. laboratory visits from the Institute Director (Prof
Thomas Marwick) and the Head of the Basic Science Domain/Division (A/Prof Julie McMullen).
Surveys

Two short surveys (designed to be completed in 10-12 min or less) were developed and delivered
via an online form on the Institute intranet. The surveys were provided to research staff and
graduate students undertaking animal research in June 2017 and June/July 2018.

Inclusion criteria: The surveys were compulsory for responsible investigators from the Baker

Institute with an active animal ethics application. A list of responsible investigators was provided by
the Animal Ethics Officer (Alfred Health and Education Precinct Animal Ethics Committee).

The 2017 survey collected baseline data on existing practices within the institute in respect to the
conduct of animal studies, with a focus on experimental design (e.g. blinding, randomization and
allocation concealment). The aim of the 2018 survey was to determine whether practices had
improved over a period of 12 months. Questions from both surveys are presented within Source
Data (Appendix | and I, available at https://figshare.com/s/1788601bf6606df6f5a5).

In this paper, we present the responses to questions within the 2017 and 2018 surveys which were
specifically related to: a) Pre-specified criteria for inclusions/exclusions; b) declaration of primary
and secondary endpoints; c) sample size calculations; d) randomization of animals and method
used; e) allocation concealment, de-identifying interventions, and blinding; and f) attitudes towards
the quality and rigor of animal studies being undertaken. The main goal was to understand whether

practices and behaviors had changed over a period of 12 months.
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Pre-specified criteria for inclusions/exclusions. Within the research fields of cardiac biology,

diabetes and obesity, it is not uncommon for investigators to exclude animals based on: i)
unsuccessful cardiac surgery; ii) mice not becoming diabetic when administered streptozotocin
(STZ) based on blood glucose levels; iii) inadequate weight gain on a high fat diet and/or skin
lesions (prior to an intervention); iv) mice not weight-matched prior to an intervention assessing
weight gain/metabolism. These criteria should be considered prior to experimentation and reported
in publications. Depending on the study design, animals may be excluded: i) prior to entering a
study e.g. a runt in a litter with a particularly low body weight that could not be weight-matched for
a metabolic study; ii) after an intervention (e.g. cardiac surgery/STZ injection) but prior to a
treatment e.g. due to surgical complication/low blood glucose not meeting the definition of
diabetes; iii) after a treatment but prior to study endpoint due to animal welfare issues; or iv) after
study endpoint once molecular analyses of tissue have been performed e.g. a study designed to
assess gene therapy in the heart but transduction of the heart with gene therapy was
unsuccessful/sub-optimal to test the hypothesis. To encourage investigators to track and report
exclusions of animals in future work, investigators were asked if they would consider using a
template/flowchart (an example was provided within the survey) which had been proposed by
Drucker (18), and which he designated the Consolidated Standards of Animal Experiment
ReporTing (CONSAERT) flow diagram.

Primary and secondary endpoints. In clinical research and journals publishing results of clinical

trials it is mandatory/compulsory to define and report primary endpoints, which should be finalized
before study completion and data analysis. This is typically not a requirement for preclinical
research, and reporting of this information has been far less common, particularly for discovery
research. The purpose of incorporating questions related to defined endpoints was to encourage
preclinical researchers to consider stating primary endpoints for interventional studies in future,
e.g. testing of a drug or genetic intervention in a mouse disease model on a cardiac function
parameter such as fractional shortening by echocardiography. This provides differentiation
between more robust findings relating to primary outcomes and hypothesis-generating outcomes

when the primary outcome is not proven.
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Sample size calculations. Power calculations are routinely part of clinical, but not laboratory,

research culture. Nonetheless, their use is important to minimize the risk of type 2 error, as well as
ensuring the ethical use of animals.

Randomization of animals and method used. The importance of a structured or systematic

approach for randomization is well recognized in the clinic (55), and the need for randomization in
animal studies has gained attention more recently (25). Within preclinical research, it is not
uncommon for investigators to use unstructured methods or “haphazard selection” when assigning
animals to different experimental groups (29).

Allocation concealment, de-identifying interventions, and blinding. It is recognised that when

researchers are aware of experimental groups and treatments, unconscious bias may result in
researchers caring for animals differently, and subsequently in larger effect sizes (37, 53). The
differences and importance of allocation concealment and blinding for animal studies have been
well described on the NC3Rs Experimental Design Assistant website
(https://feda.nc3rs.org.uk/experimental-design-blinding). “Allocation concealment refers to
concealing the allocation sequence (the treatment to be allocated to each individual animal) from
the people assigning the animals to intervention groups, until the moment of assignment. Together
with randomization, allocation concealment helps minimise selection bias, which introduces
systematic differences in the characteristics of animals allocated to treatment groups. Allocation
concealment enables blinding; for adequate blinding, the allocation sequence should not be
revealed to the people conducting the experiment until the data has been analysed”.

A number of our preclinical researchers perform intervention studies in disease and/or genetic
animal models (e.g. surgical for heart disease models, STZ-induced diabetes, high fat diet for
obesity), with drugs, gene therapies (e.g. adeno-associated virus; AAV), and different dietary
approaches. To gain further insight into what components of the experimental design were being
concealed and blinded, and to determine the potential willingness of investigators to incorporate
more formal strategies for allocation concealment, follow-up questions were asked. For example:
“For drug/AAV/diet studies, are interventions labelled ‘A’ and ‘B’ or equivalent? If no, would you

consider this for future studies?”
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Presentations and tools

One hour educational sessions were presented to animal users throughout the exercise as outlined
in Table 1. Sessions were delivered by the Domain Head of Basic Science and senior researchers
(Dr Kate Weeks and Dr Darren Henstridge) who were actively conducting animal studies.

Flow charts/templates were provided to investigators based and adapted from the CONSAERT
flow chart proposed by Drucker (18); see Source Data (Appendix Il available at

https://figshare.com/s/1788601bf6606df6f5a5).

Data collection

The surveys were provided via a web interface on the institute’s intranet. Correspondence about
the 2017 survey and the importance and rationale for conducting the survey was sent to all
research staff and students via email from the Institute Director. Research staff listed as the
responsible investigator on at least one active animal ethics application were informed that the
survey was compulsory and received a follow-up email from the Head of the Basic Science
Domain. To encourage investigators to respond openly and without reservations, examples of
responses from the Head of the Basic Science Domain’s laboratory were provided to highlight that
the goal was to obtain honest responses, not ‘perfect’ responses. The 2018 survey was
compulsory for all responsible investigators who completed the survey in 2017. Paired responses
from 6 responsible investigators could not be obtained (2 overseas during at least 1 survey, 3
investigators leaving the institute in 2018, 1 non-responder). Other scientists undertaking animal
research were encouraged to complete the survey. Two reminder emails were sent by the Head of
the Basic Science Domain.

Data from both surveys were exported into Excel and the collated results graphed in GraphPad
Prism 7.03. The data for the responsible investigators are presented as bar graphs and line graphs
to demonstrate how practices of individuals changed. The raw data were checked by more than

one author to ensure reliability.
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Statistics

The two areas in which changes in practice were considered most likely to occur within 12 months
were: 1) the uptake of using a structured method for randomization; and 2) de-identifying
drugs/treatments by labelling them “A” and “B” or an equivalent. The Wilcoxon Sign-Rank Test for
paired data was performed on the paired data (before and after) for these primary outcomes with a
type | error set at 5%. The method of Agresti and Min (1) was used to calculate the proportion of
investigators showing improved practices. This method takes into consideration bias when sample
size is small (1). Other outcomes were not subjected to statistical testing, because of the
combination of small sample size and to avoid the risk of increasing type 1 error due to multiplicity

of outcomes. Those results should therefore be seen only as hypothesis generating.

Results

Study population

In total, 36 investigators completed the animal user survey in 2017 and 37 investigators completed
the survey in 2018. The main analysis presents paired results from the 16 researchers listed as
responsible/lead investigators on animal ethics applications. This included eight Pls/Lab Heads
and eight Group Leaders/Research Officers. The results from all investigators (36 in 2017, 37 in
2018) were comparable with the findings from the 16 responsible investigators (see Data
Supplement for results from all investigators: available at
https://figshare.com/s/7d252ccaa26110170985).

All investigators were undertaking studies with genetic mouse models and/or mouse studies

involving interventions e.g. drugs, gene therapy, diet interventions.

Pre-specified criteria for inclusions/exclusions of animals

In 2017, only 5 out of 16 responsible investigators were using pre-specified criteria for inclusions or
exclusions of animals (e.g. unsuccessful cardiac surgery, mice not diabetic based on blood
glucose levels) in 100% of their experiments (Fig 1A). In 2018, 9 out of 16 investigators reported

using pre-specified criteria in all experiments, with the remaining 7 investigators reporting such use
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in at least 50% of experiments (Fig 1A). Investigators were also asked whether pre-specified
criteria were reported in publications and how often excluded animals were reported in
publications. For both questions there was a spread of responses and no clear positive change
over the 12 month period (Fig 1B and C). The most common reason for not including pre-specified
criteria in publications was because this was not a requirement of journals. This also appeared to
explain why some investigators reported pre-specified criteria and excluded animals in publications
in 2017 but not 2018 i.e. this was the requirement of a journal when submitting in 2017 but not the
requirement of another journal when submitting in 2018. One investigator provided answers of
100% in 2017 and 0% in 2018 (Fig 1B and C). In this case, the investigator had not published an
animal study during the 12 month period. The inclusion criterion for responsible investigators to
participate in the survey was to be listed as the responsible investigator on an active animal ethics
application. There was not a requirement to publish a paper over the 12 month interval. The
response from this one investigator (illustrated by a dotted line, Fig 1B and C) highlights a limitation
of the survey questions. In this case, the reported measure of 0% provided by the investigator does
not represent 0%. Future surveys should allow for a response of “Not applicable” and include a
follow-up question to explain why “Not applicable” was selected. It should be noted that all other
investigators who reported 0% had published papers over the 12 month period.

An example of a flowchart template was provided to assist and encourage researchers to track and
report exclusions of animals (Fig 2A, modified version of CONSAERT (18)). In 2017, the majority of
responsible investigators indicated they would use the template (Fig 2B). In 2018, 7 of 16
responsible investigators had begun using the template (Fig 2C). Reasons provided for not using
the template included: i) new studies had not yet begun but the templates will be used for new

animal studies; ii) the laboratory had created other templates or spreadsheets.

Primary and secondary endpoints

The number of responsible investigators using primary and secondary endpoints 100% of the time
(i.e. having a key parameter for judging study outcome e.g. a change in cardiac function by
echocardiography) increased over the 12 month period from 6 to 11 of 16 (Fig 3A). There may be

situations (e.g. exploratory studies) in which primary endpoints and outcomes are specified after



254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

the study is underway. However, a similar trend was observed for investigators specifying
endpoints prior to commencement of experimentation (Fig 3B). There was minimal change in the
number of investigators stating pre-specified endpoints in publications (Fig 3C). Reasons for not
stating specific endpoints included: 1) journals had not requested this information; 2) for discovery
research it is uncertain what parameters/endpoints might change, so there are multiple endpoints
(i.e. exploratory endpoints; N.B. potential driver for false positive results given 1:20 endpoints
would be positive by chance; conditional on the null hypothesis being true); 3) for new studies it
can be difficult to predict effect sizes. A number of investigators noted they were planning to
include this information in future publications, but they had not published any new studies since the
recommendations were made in 2017. Two investigators indicated that pre-specified endpoints
were reported in publications 100% of the time in 2017 but 0% in 2018 (Fig 3C). One investigator
had not published an animal study during the 12 month period (response illustrated by a dotted

line). The other investigator published in journals in which this information was not requested.

Sample size calculations

In 2017, 9 of 16 investigators were using power calculations 100% of the time to determine sample
size. This increased to 11 of 16 investigators in 2018 (Fig 4). Though, of note, some of the
investigators who indicated they were using power calculations 100% of the time in the 2017
survey, were performing power calculations only 50% or 75% of the time in 2018. The most
common reason investigators gave for not using a power calculation was that basic science
studies are often exploratory in nature. A pilot study is often required before effect sizes and

variability in the measure of a parameter can be determined.

Randomization of animals and method used

In the 2017 survey, the majority of investigators claimed to be randomizing mice to a specific
treatment or intervention (Fig 5A). However, upon asking what method of randomization was being
used in a follow-up question, it became apparent that all of the 16 responsible investigators were
using no structured method for randomization (Fig 5B, white bar). Within the 2017 survey we

further asked: “If you are using “no structured method” for randomization, would you consider using

10
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a structured method?”. The majority of investigators (15 of 16) responded “yes” to this question.
Given that there is the potential for bias to influence the allocation of animals into a specific group,
information sessions to describe the pitfalls of not using a structured method were delivered to
researchers, together with tools for performing randomization using computer-based methods e.g.
NC3Rs Experimental Design Assistant, GraphPad QuickCalcs, RAND function in Excel; see
Source Data (Appendix IV available at https://figshare.com/s/1788601bf6606df6f5a5). The uptake
of a formal method for randomization was an area in which we considered changes in practice
could occur relatively quickly (i.e. within 12 months) because it was a strategy which was relatively
quick and easy. In 2018, all 16 responsible investigators were randomizing mice to a
treatment/intervention 100% of the time (Fig 5A). Half of the investigators were using a computer-
generated method or blind sealed envelope/other structured method (pulling numbers out of a hat)
in 2018 (Fig 5B). The proportion of investigators demonstrating an improved practice (i.e. going
from an unstructured method to structured: computer-generated/sealed envelope/numbers from a
hat) was estimated to be 0.44 (95% CI: 0.19; 0.70; P=0.003). For the other half of investigators still
randomizing mice with no structured method, reasons for this were requested. For most
investigators, it was noted that studies/experiments had begun prior to the information session on
new tools, and that for upcoming studies a structured method would be used. In some cases there
were misconceptions about difficulties randomizing mice from small batches and study designs
requiring mice to be body weight matched. In a follow-up session, examples of how structured
randomization could be used in these situations were provided, e.g. stratified randomization for
body weight matching (see Source Data, Appendix IV available at

https://figshare.com/s/1788601bf6606df6f5a5).

Allocation concealment, de-identifying interventions, and blinding

Allocation concealment: The purpose of the first survey question was to assess the overall

potential of performance bias within a study e.g. investigators providing different degrees of care to
animals based on treatment or genotype. In 2017, the majority of investigators (13 of 16) indicated

they were performing allocation concealment 50% or less of the time (Fig 6A). By contrast, in 2018,
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the majority of investigators (11 of 16) were performing allocation concealment 50-100% of the
time (Fig 6A).

De-identifying interventions: Performance bias can be eliminated or reduced by labelling

drugs/interventions ‘A’ and ‘B’ or an equivalent. In 2017, most researchers were not blinded to the
intervention assigned to an animal group (Fig 6B; 13 of 16; white bars). However, 15 of 16
investigators indicated a willingness to consider de-identifying interventions or drugs in future
studies. Thus, this was another area in which significant improvements in practice were
considered possible within a 12 month period. At the time of the 2018 survey, 50% of investigators
were de-identifying interventions (Fig 6B, black bars). The proportion of responsible scientists
showing an improved practice was 0.40 (95% CI: 0.12; 0.68; P=0.010). Researchers were also
asked if they incorporated blinding into other components of their studies. In most cases this
included blinding of measurements and analysis of tissues post-animal experimentation (e.g.
molecular and histological analyses). All investigators incorporated blinding into some aspect of
their studies in 2017 (Fig 6C; 25-100%). In 2018, 8 of 16 responsible investigators were including
blinding 100% of the time (Fig 6C). Reported challenges associated with allocation concealment,
de-identifying drugs/interventions, and blinding included:

a) It can be difficult to conceal diets in diet intervention studies (e.g. high fat chow is a different
color to standard chow). However, genotypes/treatments would still be blinded within these
studies. If interventions are unable to be blinded, then animal identification numbers are
reassigned at the conclusion of the study to ‘re-blind’ for analysis.

b) Lack of personnel- In some studies, drugs need to be mixed with vehicle just prior to
administration. Many labs only have one technician so the same technician will mix the
drug followed by immediate delivery to the mice.

c) Different monitoring/care requirements can be required for different interventions e.g.
diabetic animals require extra/daily care and have to have additional labelling on cages;
animals on a high fat diet require additional monitoring for skin lesions.

Practical solutions were provided to researchers in an information session. Examples are provided

in Table 2.
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Quality and rigor of animal studies: Changes in attitudes, practices and uptake of tools

In 2017, 15 of 16 responsible investigators indicated that the quality and rigor of their animal
studies could be improved (Fig 7A). In the 2018 survey, respondents were asked whether they
perceived an improvement in their animal studies over the past 12 months. Fifteen of 16
investigators indicated that the quality and rigor of their animal studies had improved (Fig 7B), and
13 of 16 indicated they had changed practices regarding randomization, blinding and/or animal
reporting (Fig 7C). Participants were asked to provide specific examples. These included: using a
structured method for randomization, additional blinding, allocation concealment (e.g. labelling
drugs “A” and “B”), more sample size calculations, and providing additional information in

publications.

Discussion

The primary goal of this exercise was to encourage preclinical researchers to improve the quality of
their cardiac and metabolic animal studies by incorporating strategies and protocols for the
removal or reduction of bias. This was achieved by: i) increasing awareness of concerns which can
arise from experimental designs that do not incorporate measures to exclude/limit bias; ii) providing
knowledge, tools and templates to overcome bias/promote accurate reporting; and iii) rolling out
two short surveys approximately 12 months apart to monitor any changes in practice and behavior.
The major findings to come from the exercise included: 1) a willingness of investigators to make
change when provided with knowledge and tools/solutions which were relatively simple to
implement; 2) resistance to change if this involved more personnel and time; and 3) evidence that
changes to long term practices (“habits” acquired over years) require time, follow-up, and

incentives/mandatory requirements.

The most significant finding and change in practice identified by the survey was in regard to the
randomization of animals. In 2017, most investigators were using unstructured methods for
randomization. After highlighting the potential of unconscious bias to have an impact on the
randomization process and providing information and tools for using formal methods, the number

of people using a structured method in 2018 had increased to 50%. The options provided to
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researchers included computer-generated approaches (highly encouraged: NC3Rs Experimental
Design Assistant, GraphPad QuickCalcs, the RAND function in Excel), blind-sealed envelope,

numbers from a hat, and flipping a coin or rolling a dice (though not encouraged: only suitable for
large sample sizes). Uptake of these methods advanced relatively quickly and most investigators

not currently using a structured method were planning to do so for future studies.

In general, the majority of investigators were willing to change practices when provided with the
relevant information and tools, and when changes were easy to implement. Strategies requiring
more personnel, e.g. for allocation concealment, were more challenging, particularly for small
laboratories, to adopt. It is recognised that clinical trials and animal studies with inadequate or
inappropriate methods for allocation concealment can overestimate treatment effects (37, 53).
Thus, it is important allocation concealment is encouraged. Within an information session it was
highlighted that some smaller laboratories were managing the problem of limited staff for allocation
concealment and blinding by involving personnel from other laboratories. This was viewed as a

practical solution for laboratories that work well together, but can be more challenging for others.

We and others have recognised that significant changes to experimental design and practices are
likely to require monitoring, incentives and pressure from multiple groups, including journals,
funding agencies, research institutes, universities, and animal ethics committees (3, 8, 13, 22, 23,
27). It has been reported that while researchers may endorse or subscribe to practices or changes
in behavior, this may not correlate with actual behaviors in practice (5). Granting agencies within
Australia (e.g. National Health and Medical Research Council) and overseas (e.g. National
Institutes of Health, Wellcome Trust) have recognized the concern (14) and are encouraging
enhanced reproducibility by incorporating relevant elements of experimental design
(randomization, allocation concealment, blinding) within the assessment criteria of research
proposals (16). Our training sessions also highlighted the more stringent experimental design and
reporting requirements of journals and granting agencies as an incentive to encourage change.
However, a requirement for explicit reporting from journals of specific experimental design details

(e.g. method of randomization, de-identification of drugs) is likely to be necessary to drive
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significant changes in practice. In undertaking a general review of recent publications from Am J
Physiology- Heart and Circulation Physiology (using the search term “random”; Sept 2018-May
2019), a number of investigators noted that animals had been randomized (12, 20, 21, 26, 30, 38,
40, 41, 43, 50, 51, 54, 58). However, in the majority of cases, the method of randomization was not
specifically stated. The exception to this was some examples of studies in large animals and
humans (2, 31, 47, 49, 52). In these studies, structured methods of randomization had been

included (e.g. computer-generated, random number table, stratified block randomization).

Within our exercise, follow-up and monitoring progress after and between surveys was considered
very important. This consisted of information sessions, distribution of relatively simple tools (e.g. for
randomization and tracking animal exclusions), and laboratory visits from the Institute Director and
Domain Head of Basic Science. The online provision of tools, templates, and guidelines for many
aspects of preclinical research is becoming increasingly common and considered a valuable
resource. Many journals including Am J Physiol Heart Circ Physiol have been leading the way in
providing guidelines, e.g. on data visualization, reporting statistics, experimental animal models of
cardiac disease, measuring cardiac physiology in mice, formalized training for subjective measures
including echocardiography, validation and correct use of reagents e.g. antibodies (11, 15, 17, 22,

24, 32-34, 56, 57).

Providing a balanced perspective on the concerns of irreproducible research was considered
another key aspect of this exercise. As highlighted by others in editorials and reviews, discovery
science is exploratory in nature (22). For such research, pre-specifying endpoints is not always
possible, and tentative conclusions can still be beneficial to the scientific community and lead to
important follow-up studies (22). Throughout the process, we were transparent about the potential
deterrents of more rigid experimental designs, but also highlighted the benefits (Table 3). One
issue is the acknowledgement that carefully conducted studies typically produce smaller effect
sizes on average (4, 37). Although these smaller effect sizes are more accurate, they can make
papers more difficult to publish in high impact journals because of the bias towards "breakthrough"

and “exciting” results. Paradoxically, investigators who pursue this more careful approach could be
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out-competed by less thorough resarchers who win more funding on the back of their high impact
(but sometimes less rigorous) publications. Though, of note, many high impact journals are now
ensuring authors meet more rigorous checklists. Regardless, widespread and significant changes
in practice are likely to require funders being made aware of the need to reward research quality

regardless of the study outcomes.

Limitations of the study: This was a self-reported study which makes verification of data
challenging. To check whether practices had indeed changed or were changing, the Institute
Director and Domain Head of Basic Science visited laboratories during and after the exercise. In
some cases, responses could also be verified by independently checking publications from the
laboratory before 2017 and after 2018, e.g. use of animal templates, reporting of animal exclusions
(10, 39, 46). However, in other cases this was not possible because the period of time between
initial manuscript submission and acceptance/publication can often exceed 12 months. The
scenario of an investigator not publishing an animal study over 12 months had not been
considered. In future, an additional option of “Not applicable” should be available for selection.
Another limitation is that this was a single site study with a relatively small cohort of responsible
investigators. Whether this same exercise rolled out in an environment with larger numbers of
animal users (larger institutes and universities) would identify changes in practice is currently

unclear.

Future directions: When rolling out an exercise to improve practices and culture, it is important not
to lose momentum, to reinforce desired practices among early adopters of change, and to promote
change to more reluctant investigators. This could be achieved by a number of means:

a) Repeating the survey in future years to monitor the long term effects

b) Incorporating additional aspects of design and reproducibility into Institutional Animal Care and
Use Committee (IACUC)/Animal ethics committee (AEC) applications, i.e. if defined randomization
protocols and blinded treatments become a requirement in animal protocols, it is likely to
accelerate implementation of better practices for improvement of better animal study design and
reporting.
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¢) Inducting new staff/students on aspects of good experimental design and practice so they are

indoctrinated into that culture from the start.

Summary: The approach we undertook to encourage improvements in preclinical cardiac and
metabolic animal research included: 1) making researchers aware of the concerns; 2) providing
knowledge, tools, skills and training to address the concerns; and 3) follow-up to monitor and
encourage changed practices. This exercise resulted in changed attitudes, practices, and
reporting. However, further improvements are needed and this will require continued follow-up,

monitoring, and incentives.
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At the request of the author(s), readers are herein alerted to the fact that additional materials

related to this manuscript may be found at [https://figshare.com/s/1788601bf6606df6f5a5]. These

materials are not a part of this manuscript and have not undergone peer review by the American

Physiological Society (APS). APS and the journal editors take no responsibility for these materials,

for the website address, or for any links to or from it.
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Legends

Figure 1. A: Responses from responsible investigators to a survey question related to
incorporation of pre-specified criteria for inclusions/exclusions of animals within experimental
designs from the original survey (2017) and follow-up survey (2018). B: Reporting of pre-specified
criteria in publications. C: Reporting of excluded animals in publications. Right panels: lines were
manually off-set within a band of responses (e.g. 0, 25, 50, 75, 100%) for easier visualization of
individual responses (N=16). Dotted lines illustrate the responses from an investigator who did not
publish a paper over the 12 month period. In this case, the reported measure of 0% provided by

the investigator does not represent 0%.

Figure 2. Responses from responsible investigators (N=16) regarding a willingness to use a formal
procedure/flow chart to track animal exclusions. A: Example of a flowchart/template to track
animals. B: Willingness of investigators to track animals with a flowchart/template. C: Uptake of

using the template over a 12 month period. N.B. In panel B one investigator provided no response.

Figure 3. A and B: Responses from responsible investigators (N=16) to survey questions related
to pre-specified primary and secondary endpoints from the original survey (2017) and follow-up
survey (2018). C: Reporting pre-specified endpoints/outcomes in publications. Right panels: lines
were manually off-set within a band of responses (e.g. 0, 25, 50, 75, 100%) for easier visualization
of individual responses (N=16). The dotted line illustrates the response from an investigator who
did not publish a paper over the 12 month period. In this case, the reported measure of 0%

provided by the investigator does not represent 0%.

Figure 4. Responses from responsible investigators (N=16) to a survey question related to sample
size calculations from the original survey (2017) and follow-up survey (2018). Right panel: lines
were manually off-set within a band of responses (e.g. 0, 25, 50, 75, 100%) for easier visualization

of individual responses (N=16).

Figure 5. A and B: Responses from responsible investigators (N=16) to survey questions related
to randomization of animals and the method of randomization used from the original survey (2017)
and follow-up survey (2018). A: Right panel; lines were manually off-set within a band of

responses (e.g. 0, 25, 50, 75, 100%) for easier visualization of individual responses (N=16). For
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Fig 5B; P=0.005, Wilcoxon Sign-Rank Test when comparing a structured (desirable) method
[computer-generated/sealed envelope/numbers from a hat] with an unstructured (undesirable)

method.

Figure 6. A-C: Responses from responsible investigators (N=16) to survey questions related to
allocation concealment and blinding from the original survey (2017) and follow-up survey (2018).
Panel A assessed responses to allocation concealment in regard to genotype or treatment. Panel
B refers to intervention studies in which a test drug, gene therapy (e.g. adeno-associated virus,
AAV) or modified diet (e.g. high fat diet) is administered to mice, and whether these interventions
are blinded by labelling one intervention “A” and one “B” or some equivalent. Panel C refers to
blinding post-animal experimentation. For panel 6B, P=0.010, Wilcoxon Sign-Rank Test;
comparison of 2017 with 2018. Right panels: lines were manually off-set within a band of

responses (e.g. 0, 25, 50, 75, 100%) for easier visualization of individual responses (N=16).

Figure 7. A-C: Responses from responsible investigators (N=16) to survey questions related to
their perception and practices in regard to the quality and rigor of animal studies from the original
survey (2017, panel A) and follow-up survey (2018, panels B and C).
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Table 1- Overview of exercise to improve the quality of preclinical animal research

Activity

Description

Presentation-
Background and
awareness (mid-
April, 2017). One
hour session
including questions
and discussion.

-Concerns regarding the quality of animal research
-ARRIVE Guidelines

-Types of bias

-Practical examples and considerations when blinding
-Feedback and consultation

Presentation-
External speaker
(late-April, 2017).

Seminar: Improving disease modeling and candidate drug
evaluation

Survey preparation
and testing (May
2017).

-Survey to assess baseline practices (May 2017)
-Consultation on survey design and implementation

-Trial testing of the survey with a scientist undertaking animal
studies

Survey rollout (June
2017).

Designed to be
completed within 10-
12 min.

-Email from Institute Director with instructions to complete the
survey by week’s end.

-Emphasis on acquiring honest responses to understand obstacles
and barriers; example response provided from Head of Basic
Science Domain to highlight we were looking for honest responses
-Follow-up reminders during the week

Communication of
survey results (July
2017).

-A summary of the survey results and next steps was
communicated to Science Faculty at a meeting July 21, 2017
-A report of the survey results was distributed to Lab Heads and
Scientists by email July 23, 2017

-It was noted that animal templates and practical tools would be
made available to researchers over the coming months

Presentation-
Survey results and
practical tools (Sept
2017).

-Areas for improvement
-Methods for randomization
-Flow charts for tracking animals and exclusions

Follow-up (March
2018 to present).

Institute Director and Head of Basic Science Domain visit labs on a
monthly basis to:

1) Assess uptake of new tools

2) Identify potential issues/concerns

Follow-up survey-
June 2018.

-Email from Head of Basic Science Domain with instructions to
complete a short compulsory follow-up survey within a week
(expected to take 6-8 min). The survey was sent to an investigator
to trial before sending it to all investigators.

-Re-emphasis- acquiring honest responses to understand
obstacles and barriers

-Follow-up reminders during the week

Communication and
presentation of
survey results-Sept
2018.

-A summary of survey results in 2018 compared to 2017
-A reminder about randomization tools and flow charts
-Example of inserting information into publications
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Table 2- Challenges and solutions for reducing bias

Challenges

Solutions

Diabetic and non-diabetic animals look
physically different, e.g. diabetic mice have
unkempt coats and require daily cage
changes due to increased urination.

Re-blind collected tissues/samples at study
end.

Drugs administered via a syringe are
different in colour to the vehicle/control.

Wrap the syringes in foil.

Dietary intervention (e.g. high fat diet) is
different in colour to the chow diet.

Re-blind collected tissues/samples at study
end. In some cases, it is possible to request
the supplier to make the intervention and
chow/control diet a different colour.

Lack of personnel to label drugs “A” and “B”
or to have different staff members blinding
different analyses.

Assistance from personnel in other
laboratories.
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766
767

768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783

Table 3. Implications of the introduction of more structured randomization & blinding

Potential deterrents

Benefits

Increased time planning studies.

Improved quality of research.

Effect sizes are likely to be smaller. This may
require larger animal numbers.
Less dramatic results?

Negative results from well designed studies
are more likely to be published in good
journals than negative results from poorly
designed studies.

More staff required for ensuring studies are
blinded.

Fewer researchers following up on dead ends.

Additional costs associated with more animals
and lab staff time.

More money, researchers time directed into
research and targets which have the greatest
opportunity for success. New drugs for
patients.

Fewer positive results.

Lower risk of translational failure.

Potential implications for high impact factor
papers, productivity & career progression (with
current reward structures)

Less negative press. Greater confidence from
the media and public.
More philanthropic support.
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Figure 1

A Approximately how often do your studies
have pre-specified criteria for
inclusion/exclusion of animals in a study?

e.g. body weight, unsuccessful surgery
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Figure 2

A Consolidated Standards of Animal Experiment ReporTing (CONSAERT):
Template for intervention studies in genetically modified mouse strains

Assessed for eligibility (n=#)
(e.g. number of mice of the
genotype-of-interest available)

Sex (M/F) Age (# weeks)

Excluded (n=#)
Reasons for exclusion e.g. did not meet pre-
specified criteria e.g. body weight

v

Randomised (n=#)
Method of randomisation
Type of randomisation
(e.g. simple, stratified, block)

A A 4

Allocated to intervention (n=#)
Received allocated intervention (n=#) = Received allocated intervention (n=#)
Did not receive allocated intervention Allocation =  Did not receive allocated intervention

(n=#) (give reasons) (n=#) (give reasons)

Allocated to intervention (n=#)

A 4

Discontinued intervention (n=#)

(give reasons e.g. mouse had skin lesions,
placed on a care form & removed from study,
etc.)

Discontinued intervention (n=#)
(give reasons e.g. mouse would not tolerate
daily gavage)

A A

Analysed (n=#) Analysed (n=#)
Data not reported (n=#) (give reasons) Data not reported (n=#) (give reasons)
Included in publication (n=#) Analysis = Included in publication (n=#)

B C

Original survey (2017): Would you
use this template in practice?

Follow-up survey (2018): Have you started
using any of the provided animal flow charts
| templates or an equivalent to track animals
in your studies?
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Figure 3

A How often do your studies have pre-

specified primary and secondary endpoints?
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Figure 4

How often is sample size determined

using a power calculation?
W 15 100%-
c [[] original survey - 2017
§ [ Follow-up survey - 2018 75%-
o —
- 50%-
e
[T
o 25%-+
5 ° °
s A
=
z 0 lj ] L] L]
0% 25% 50% 75% 100% 2017 2018

(Never) (Always) Year



Figure 5

A How often are animals randomized to a
treatment/intervention?
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Figure 6

A Does experimental design include

allocation concealment?
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Figure 7

A original survey (2017):

Do you think the quality/rigor of your
animal studies could be improved?
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B  Follow-up survey (2018):

Do you think the quality/rigor of
your animal studies has improved
over the past 12 months?
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C Follow-up survey (2018):

Has your lab changed practices
regarding randomization, blinding and/or
animal reporting since completing this
survey 12 months ago?
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