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Background: There is a steadily growing number of different reconstructive surgical procedures for hypospadias that were tested on animal models prior to their human application. However, the clinical translatability and reproducibility of the results encountered in preclinical urethral reconstruction experiments is considered poor, with significant factors contributing to the poor design and reporting of animal experiments. Our objective was to evaluate the quality of the design and reporting in published articles of urethral reconstructive preclinical studies.

Methods: Both PubMed and EMBASE databases were searched for animal urethral repair experiments between January 2014 and September 2019. Internal quality (bias) was evaluated through several signaling questions arising from the Systematic Review Centre for Laboratory animal Experimentation (SYRCLE), while the quality of reporting was assessed by the Animal Research: Reporting of In vivo Experiments (ARRIVE) guidelines by scoring of a 20-item checklist.

Results: A total of 638 articles were initially screened after the literature search. Employing the inclusion and exclusion criteria, 30 studies were chosen for full-text screening and 21 studies were considered eligible for the quality assessment. The mean score of the checklist was 66%. The elements that accomplished the highest grades included the number of animals utilized, the number in each investigational and control group, and the delineation of investigational conclusions. The items that were least commonly stated comprised information about the experimental method, housing and husbandry, rationalization of the number of animals, and reporting of adverse events. No paper stated the sample size estimation.

Conclusion: We found that several critical experiment design principles were poorly reported, which hinders a rigorous appraisal of the scientific quality and reproducibility of the experiments. A comprehensive implementation of the ARRIVE guidelines in animal studies exploring urethral repair is necessary to facilitate the effective translation of preclinical research findings into clinical therapies.
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INTRODUCTION

Hypospadias is considered a common birth defect with an incidence of about 1 in 300 live births and has significant clinical and social impacts (1). Furthermore, the reconstructive urethroplasty operations are technically demanding and associated with significant complication rates (1–5). It is considered vitally important that preclinical experiments evaluating the different surgical procedures utilized are well-designed and appropriately reported in order to achieve sound translation to human and generalizability scores (6–9).

Several animal models have been utilized to evaluate several hypospadias repair techniques, with rabbits being the most frequently used (8, 10, 11). This might be because the rabbit's urethra is easily accessed and displays significant functional and structural similarities to human urethra, where a robust envelop of well-vascularized spongiosa encircles a thin epithelial layer underneath (12–16). Furthermore, transurethral endoscopes can be readily used as the size of an adult rabbit's urethra is comparable to that of an infant boy, where most of the hypospadias surgery are mostly conducted.

Several reports have raised concerns that the translation of preclinical experiments to humans has several challenges, including the variations of species and strains with subsequent physiological impact (17), absence of blinding (18), insufficient reporting of technical details, and under-reporting of complications or uncertain results, which could prime false conclusions (19). As a result, in 2010, the Animal Research: Reporting In vivo Experiments (ARRIVE) guidelines (20–22) were introduced by the National Centre for Replacement, Reduction, and Refinement (NC3Rs). Despite the increasing utilization of these guidelines, several research territories still struggle to capture the targeted levels of adoption and compliance (23–25). On the other hand, poor study design and incomplete reporting of outcomes might partly explain the hindrance of the clinical translation of urethroplasty procedures (26).

The utilization of systematic reviews to reflect and summarize the findings of animal experimental studies is less common than in clinical studies. Some systematic review features of animal studies need to be tailored accordingly and are mainly affected by bias. Therefore, the degree of translatability of such systematic reviews to clinical practice depends on a sound methodology and the design quality of the included experiments (27). The main goal of this systematic review was to explore these research demands by executing a quality evaluation using the ARRIVE and the Systematic Review Centre for Laboratory Animal Experimentation (SYRCLE) (28) recommendations as checklists. The range of the review has not been restricted to experiments using a certain animal model.



METHODOLOGY


Literature Search

A search in MEDLINE of the PubMed database and EMBASE of the OVID SP database was conducted in September 2020. The search terms nominated were: urethra, urethroplasty, urethral reconstruction, urethral graft, and animal experimentation reconstructive surgery. The search arenas were organized by database grounds like MeSH term, Text Word, and All Fields suitable to the databases. “Publication date: 01/01/2014 to present” and “English language” filters have been used. Details of the search are represented in the PRISMA flow diagram (Figure 1).


[image: Figure 1]
FIGURE 1. Flowchart of the articles distinguished, included, and excluded.




Screening

All retrieved publications were screened in the abstract level initially by two authors (TA and AKPS). Articles have been excluded, including 12 duplicates (see exclusion criteria in the flowchart in Figure 1). Group discussions resolved disputes regarding the appropriateness of an article. Eligible articles were included for full-text analysis. The reasons for the further exclusion of articles are mentioned in the flowchart.



Data Extraction

Extraction into a standardized data framework derived from the ARRIVE guidelines (22) (Supplementary Table 1) was conducted separately by three reviewers. In certain ARRIVE questions that were considered to be vital for urethroplasty experiments, the option (NA) was removed and the two options (yes) and (no) were kept for the reviewers to select from. For the possibility of discrepancies between the reviewers, a training phase through detailed descriptions and examples of scoring was conducted with the three reviewers before the commencement of the data collection.


Evaluation of the Studies Using the ARRIVE Tool

Information on the ARRIVE guidelines consists of 38 items (Supplementary Table 1). Every item was evaluated as “yes” if the item was reported in the study, “no” if the item was not reported, and “not applicable” if the item was not relevant. All authors read the selected full-text articles independently and extracted the data blinded for the analysis from the other reviewers. Inconsistent data were consequently settled by decision of the third reviewer.



Evaluation of the Internal Quality of the Studies

To evaluate the risk of bias of the studies, we used the SYRCLE (28) via its 10 signaling questions (Supplementary Table 2). These entries are related to six types of bias: selection bias, performance bias, detection bias, attrition bias, reporting bias, and other biases. If the criteria recommended fitted, we indicated the answer YES (i.e., the risk of bias was low). In contrast, if the guidelines were not met, we assigned the answer NO, symbolizing a considerable risk of bias. If there were inadequate data or the study did not address the expected criteria, either YES or NO could be selected. Alternatively, UNCLEAR was granted (i.e., the risk of bias was unknown). Two independent reviewers did the evaluations, and discrepancies were settled by consensus-oriented discussion.




Data Analysis

The data were compiled employing a Microsoft Excel spreadsheet and analyzed using the IBM SPSS Statistics, version 21 (IBM Corp., Armonk, NY, USA). For each of the selected studies, a score was calculated, which represents the percentage of positively reported items. The score was calculated using the following formula:
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where Nyes is the number of “yes” entries, Nna is the number of “not applicable” entries, and 38 is the total number of items in the ARRIVE guideline. To compare the different scores of the included articles over the years they were published, the Mann–Kendall test was utilized. Statistical significance was set at P < 0.05.




RESULTS

As shown in Figure 1, a total of 638 articles were initially screened after the literature search. Following the inclusion and exclusion criteria, 30 studies were chosen for full-text screening and 21 studies were considered eligible for quality assessment. All studies used male rabbits, except two studies that included Wistar and Sprague–Dawley rats. The most commonly studied approach was evaluating the tabularized incised posterior urethral plate (TIP). These studies comprise a range of approaches for urethral repair, which are summarized in Table 1. The table provides details about the strain, sex, age, weight, number of animals, procedural approach, the complications encountered, and duration of follow-up. The average number of animals in each experiment was 22 and varied between 8 and 38. The average of the post-surgical follow-up duration was 12 weeks and ranged between 2 and 52 weeks (Table 1).


Table 1. Overview of the studies included with a summary of the age, sex, and weight of the animal models utilized and evaluation of the hypospadias simulation model and repair.
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Results of the External Quality (Reporting) Assessment

The frequencies of the options “yes,” “no,” and “n/a” of the selected studies according to the ARRIVE checklist are shown in Figure 2. Calculation of the scores of each individual study is presented in Figure 3. The mean checklist score of the studies published from 2014 to 2019 was 66%.


[image: Figure 2]
FIGURE 2. Bar chart displaying the frequencies of the options “Yes” and “No” among the 22 articles selected for the analysis. Items are indicated by their corresponding numbers and a label associated with their content. Alloc Ani, allocation of animals; Exp ani, experimental animals; Basel, baseline data; Fund, funding; Generali, generalizability; Stu desig, study design; Sample, sample size.
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FIGURE 3. Bar chart displaying the scores of the analyzed articles. Scores represent the percentage adherence to the ARRIVE (Animal Research: Reporting of In vivo Experiments) guidelines on a scale from 0 to 100.


The background of the studies was described adequately, including the rationale and the context in all the experiments. The elements that accomplished the highest grades comprised the number of animals utilized, the number in each investigational and control group, and the delineation of investigational conclusions. The items that were least commonly stated comprised information about the experimental method, housing and husbandry, rationalization of the number of animals, and reporting of adverse events.

No tendency or steady pattern in the grade of the scores could be recognized over the studied duration (2014–2019) as the Kendall's rank correlation coefficient (tau) was unfolded to be very low at 0.055 (P = 0.701).

Regarding the study design, numerous vital elements were poorly communicated. Only one study answered the item (7d) about study processes. Recording of randomization scored 62%. None of the 21 studies reported sample size estimation. The least frequently reported items (reported in ≤ 20% of the studies) were items 18c (interpretation), 10b and 10c (sample size), 7d (experimental procedures), and 17b (adverse events). As is evident from Figures 3, 4, none of the analyzed studies fully complied with the ARRIVE guidelines.


[image: Figure 4]
FIGURE 4. Progression of the grades throughout the years. (A) Box plot displaying the median, interquartile range, minimum, and maximum of the scores for each year from 2014 to 2019. (B) The trendline presented is from the Mann–Kendall trend analysis on the median of the scores. The interrupted lines indicate the 95% confidence interval.




Results of the Internal Quality (Bias) Assessment

Figure 5 displays the global grades of the bias risk appraisal of the 21 studies involved in this systematic review. Of the studies, 92% stated that the experimental groups were similar at baseline or were adjusted for confounders. None of the papers described whether the allocation to the different groups during the randomization process was concealed. Sixteen percent of the studies reported that the outcome assessment has been blinded.


[image: Figure 5]
FIGURE 5. Risk of bias, averaged per each signal question. Yes = low risk of bias; No = high risk of bias; Unclear = unclear risk of bias; and Not applicable.





DISCUSSION

This systematic review unfolded that the reporting quality of some crucial pieces was commonly poor in preclinical studies of hypospadias repair, which did not seem to progress over the years. Preclinical studies play an important role in scientific progress and the discovery of new and potentially successful surgical procedures, provided that they are designed, conducted, assessed, and sufficiently reported according to internationally agreed guidelines. Several principal parts of the study design are frequently missed, which significantly adds to failure of reproducibility following these experiments, and urethral reconstructive studies seem not to be an exception. Fundamental experimental design components are often overlooked in scientific papers, which contributes to the irreproducibility of the experiments (49), and preclinical studies investigating urethral repair do not appear to be an exemption.

This study revealed that there is still room for methodological improvements of experiments on animals in the urethral reconstruction and hypospadiology fields. Most domains were judged to have an unclear risk of bias, and therefore, it is not possible to determine the degree of bias of the described treatment effects. Note that the risk of bias and the quality of reporting should be considered distinct from each other. Although, the former relates to the internal efficacy of a trial, the latter points to how researchers report their conclusions. Although, personal communication with the authors of the study might be an attempt at clarifying dubious or lack of information, this does not warrant the correctness of the information rendered (50).

Strikingly, particulars to safeguard the reproducibility of such experiments, like animal housing, husbandry, and anesthetics, were seldom communicated, which might meaningfully disturb the study conclusions (51). Prager et al. (52) revealed that different animal husbandry conditions could affect several research outcomes. Furthermore, caring for the study animals in tiny cages or in big groups following urethroplasties likely brings hazard of infections, probabilities of dislodgements of stents, and surgical site trauma.

None of the included experiments reported sample size calculation similar to the previous signal that displays scarcity of reporting concerning sample size calculation in animal studies (53). Additionally, not defining the study design before the commencement of experiments could result in inappropriate analysis of the null hypothesis and insufficient sample size, potentially leading to debatable conclusions. The required sample size of equivalence trials is usually larger than that for superiority trials (54). Experiments with low power may create false-negative results, i.e., so-called type II errors (55). The low average number of animals in most studies could be partly rationalized by the high cost and the difficulty of testing, handling, and monitoring animals throughout the experiment. Nonetheless, approaches to verify the number of animals used exist, such as performing previous pilot investigations or utilizing Mead's resource equation in situations where there is no information on the standard deviation and it is challenging to define an effect size (56).

Only a few of the included studies have deliberated the “why and how” regarding the type of animal model employed and its applicability to human pathology. We consider that arguments are of noteworthy significance in all surgical reconstructive experiments because of the substantial variations between the genital anatomy of humans and animals. We found that blinding was not steadily described. However, it might be impractical to blind the investigator performing different urethroplasty procedures. Therefore, we did not attempt to analyze blinding within the included studies.

An implementation approach to increasing compliance of reporting quality would be stringent polices by the editorial committees of the journals (57). However, a recent randomized controlled trial exposed that instructing the accomplishment of an ARRIVE checklist throughout submission of the paper, with no additional pressure on reporting by the editorial team, did not encourage compliance (58). The recently published PREPARE (Planning Research and Experimental Procedures on Animals: Recommendations for Excellence) guidelines (59) can likewise aid in implementing more consideration to investigational precision at an earlier stage of the planning course.

The limitations of this review include the potential subjectivity of the assessment by the evaluators. Yet, the pronounced inter-observer consensus established that the assessors had a rather similar approach to applying these guidelines. Additionally, the rather small number of studies involved restricted a broad appraisal of the conditions persuading reporting. Calculating a summary score for each study using the SYRCLE was not done as a summary score inevitably involves assigning “weights” to specific domains in the tool, and it is difficult to justify the weights assigned. Also, these weights might differ per outcome and review. Using the existing animal experimental literature is also challenging because the current reporting quality of animal studies is low; several details regarding the housing conditions or timing outcome assessment are often unreported. Users also indicated that they had to judge many entries as having an “unclear risk of bias.”



CONCLUSION

This review exposed that the experiments testing urethral reconstructive procedures suffer from significant internal (design/bias) limitations and significant reporting shortages. We encourage the usage of the ARRIVE procedures in all animal experiments to benefit the production of manuscripts that deliver defined conclusions of scientific value.
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