Randomised controlled trials for informing perinatal care 
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ABSTRACT
Background
Randomised controlled trials provide the best evidence for the effects of interventions and are a key tool in efforts to improve the care and outcomes for newborn infants.
Methods
We discuss the role of randomisation for minimising selection bias using the play of chance in trials, and describe examples of seminal trials that have shaped the development of modern perinatal care. We consider the challenges inherent in developing and delivering large, simple and pragmatic trials, and the need for the development and adoption of core outcome sets to ensure that trials provide high-quality evidence of sufficient validity and applicability to guide policy and practice. 
Results
Since the earliest days of modern neonatology, the randomised controlled trial has been recognised as the best method for assessing treatments and practices. While many strategies that reduce mortality and morbidity have been introduced following randomised trials, there are important examples of ineffective or potentially harmful practices that have been adopted in the absence of trial-based evidence. Typically, randomised controlled trials in perinatal care need to recruit several thousand participants to be able to detect modest but potentially important effects of new interventions on the most important but rare outcomes. Given the concerns about the financial burden and regulatory complexity of standard trial designs, innovative “efficient” trial designs are being evaluated to streamline processes while safeguarding participants. 
Conclusions
Well conducted randomised controlled trials provide the most robust evaluation of interventions aimed at improving outcomes for newborn infants and their families. Increasingly, these trials will need to be large, multicentre (often international), use a simple and pragmatic protocol, incorporating meticulous follow-up procedures and assessment of long-term outcomes. 


Well-conducted randomised controlled trials (RCTs) are essential for assessing interventions to improve outcomes for preterm or sick newborn infants. High-quality RCTs are the only way that causality, rather than association, can be demonstrated reliably. Seminal RCTs have heralded the widespread adoption of some of the most impactful treatments in neonatology including exogenous surfactant replacement for very preterm infants with respiratory distress syndrome (1), therapeutic hypothermia for term infants with neonatal encephalopathy (2), and simple delivery room interventions to prevent hypothermia in low birth weight infants (3).
 
Origins of trial-based evidence
One of the earliest controlled trials using random allocation in perinatal care was reported by William Silverman, a pioneering advocate of evidence-based practice, and colleagues in New York in 1952 (4). The investigators assessed the effect of corticitropin (adrenocorticotropic hormone) on disease progression in low birth weight infants with (what is now called) retinopathy of prematurity. Treatment versus expectant management was allocated by drawing marbles from an opaque jar making this (probably) the first truly randomised trial in neonatology. Analysis did not show any treatment benefits but demonstrated higher mortality in infants allocated to receive corticitropin. This seminal study illustrates how the young discipline of neonatology aimed to assess new interventions using a “fair test”; however, many other examples exist where interventions were introduced without supporting trial-based evidence, sometimes with adverse consequences that were not revealed for many years (5).   A salutary example is the association of supplemental oxygen with retinopathy of prematurity in preterm infants (6). Oxygen therapy became widespread in newborn care from the 1940s and this was followed by an epidemic of “infantile blindness”. A prospective multi-centre randomised trial was undertaken in 1953 to compare the effect of “routine oxygen” with “curtailed oxygen” on outcomes including mortality, retinopathy of prematurity and neurological status (although assessment of this outcome was never undertaken). On initial analysis, this trial showed lower levels of retinopathy of prematurity in the curtailed oxygen group without an effect on mortality prompting widespread adoption of strict upper limits on oxygen exposure for preterm infants. Unrecognised at the time, however, the trial had important methodological flaws. Infants who died within 48 hours after birth were not included in the analyses, concealing the fact that early mortality was much higher in the curtailed oxygen group. Subsequent analysis estimated that for each infant in the curtailed oxygen who avoided visual impairment, several other infants may have died (7). The clinical uncertainty that followed took more than 60 years to be addressed adequately through large international collaborative randomised controlled trials (8). This saga highlights the complexity and difficulties inherent in designing such practice-defining trials, as well as serving as reminder of their irreplaceable role in identifying optimal neonatal care.

Bias in RCTs
"The RCT is a very beautiful technique, of wide applicability, but as with everything else there are snags"- Archie Cochrane 1972

Randomisation minimises the effects of bias using the play of chance; it is the only means of controlling for unknown confounding factors in addition to those that are known and measured. However, potential sources of bias still exist within RCTs and these are important to consider when assessing the validity and applicability of trial findings (Table 1) (9). 

Table 1. Cochrane Risk of Bias tool for RCTs (9)
· Selection bias due to inadequate sequence generation or inadequate allocation concealment
· Performance bias due to inadequate masking of participants/clinicians/investigators
· Detection bias due to inadequate masking of outcome assessors
· Attrition bias due to incomplete outcome data
· Reporting bias due to only selected outcomes being reported
· Other forms of bias, such as imbalance between groups in baseline characteristics

Selection bias
Although the size and direction of the effect of the different sources of bias on outcomes varies between trials, empirical evidence indicates that inadequate allocation concealment is a key threat to trial validity (10). Allocation concealment, traditionally achieved by storing the randomisation sequence in sealed, opaque envelopes, is now commonly achieved using remote web- or telephone-based services. Concealing allocation protects against selection bias by preventing investigators from being able to predict each participant's treatment group. Predictability subverts randomisation and can introduce systematic differences in the prognosis of the groups that are being compared. Appropriately concealed randomisation still allows differences between groups at baseline to occur by chance but this is minimised by enrolling a sufficiently large number of participants and the use of stratification. Reassuringly, a recent analysis of the methodological quality and risk of bias in 848 neonatal trials included in Cochrane Neonatal systematic reviews indicates that the proportion of trials that were rated as being at high risk of selection bias has decreased progressively over the past six decades (11).

Sample size matters
The introduction of antenatal steroids and exogenous surfactants, some of the most important advances in care for very preterm infants over the past 50 years, were informed by data from RCTs and meta-analyses (12) demonstrating that these interventions lead to a more than 40% reduction in mortality and other adverse outcomes. It is highly unlikely, however, that new and emerging interventions for newborn infants will have the same major beneficial effects since progress is typically incremental. Consequently, trials must seek to detect much smaller effect sizes, for example, a 10% relative reduction in the risk of mortality and other adverse outcomes. A major issue facing investigators undertaking such RCTs is recruiting sufficient numbers of infants to meet the statistical “sample size” requirements to detect modest but clinically relevant effects on uncommon outcomes (Table 2). 

Table 2. Examples of sample size estimates (90% power, 2-sided significance level of 5%, with no attrition)
	Target effect size
(relative risk reduction)
	Change in event rate
	Sample size per group

	20%
	10% to 8%
	> 4,300

	15%
	10% to 8.5%
	> 7,800

	10%
	10% to 9%
	> 18,000




An otherwise methodologically robust RCT is unlikely to be informative if it enrols too few participants to allow statistical analyses to generate estimates of effect that are precise enough to inform policy or practice decisions (13). Despite this requirement, historically, most published RCTs of neonatal care interventions have enrolled fewer than about 100 participants (14). Although small RCTs may not independently provide data sufficient to guide practice, this does not invalidate the trial findings or indicate that the report should not be published. In the era of research synthesis, trials do not need to be stand alone as independent works, but they do need to be of high quality so that the data can feed usefully into systematic reviews and meta-analyses. However, small RCTs do tend to have more design limitations than large trials, and are more subject to publication bias, that is, their results are more likely to be disseminated if there is evidence of a treatment effect. Concerns exist, therefore, that inclusion of their data in meta-analyses might yield biased over-estimates of treatment effects (15). 

Recent instances where data from large trials have overturned previous estimates of effect generated from smaller trials illustrate this concern. For example, a series of small RCTs that assessed intravenous immunoglobulin for treating preterm infants with serious infection were identified, appraised and synthesised in a Cochrane systematic review (16). Individually, these trials were too small to detect meaningful treatment effects reliably, but meta-analysis of their combined data showed a seemingly beneficial effect of intravenous immunoglobulin on outcomes including mortality. This evidence, however, was not considered robust enough to inform practice because of the risks of bias inherent in small trials. Consequently, investigators undertook a large simple pragmatic RCT to resolve the uncertainty (17). The “INIS” international multi-centre trial, one of the largest individually randomised neonatal trials undertaken, found no evidence of benefit for intravenous immunoglobulin and overturned the previous evidence-base so that the updated Cochrane review including INIS data was able to state conclusively that intravenous immunoglobulin is not effective in this context (Figure 1).  

Challenges in undertaking large, pragmatic RCTs
While RCTs in which adults with common conditions such as cardiovascular disease or diabetes participate may be feasibly conducted within a few clinical centres, large RCTs in neonatology must involve many centres, sometimes multi-nationally. Individually, neonatal centres provide care for relatively few infants in the highest risk groups, for example extremely preterm, or for infants with relatively rare conditions, for example neonatal encephalopathy. To be feasible, trials that aim to recruit thousands of participants have to involve tens if not hundreds of neonatal units. The INIS trial, for example, enrolled 3,493 infants in 113 hospitals in nine countries (17). Without this scale of collaboration, RCTs in a few sites would need to continue recruitment for many years to enrol the required number of participants, which is impractical.

The role of clinical trial units
Increasingly, large multi-centre RCTs are conducted within collaborative research networks of perinatal units. Co-ordination of such complex and costly endeavours is best managed by staff in dedicated clinical trials units with the expertise to provide the statistical, epidemiological, logistical and methodological advice needed to develop and deliver such trials efficiently and successfully (18). Clinical trials units can maintain the secure information technology frameworks and robust quality assurance systems required to ensure participant data protection and confidentiality. This managed multi-disciplinary approach can also facilitate early and meaningful involvement of infant- and family-advocates (19). Such co-ordinated engagement allows parent groups and researchers to prioritise their most important questions and outcomes and to ensure that competing trials do not occur simultaneously. 

Pragmatic trials
Large multi-centre RCTs are more likely than single-centre trials to change clinical practice. A key feature of these trials is that they can be considered pragmatic, that is, trial processes (enrolment, randomisation and allocation, outcome assessment and reporting) are performed by clinicians (nurses, midwives, paediatricians and neonatologists) in a representative spectrum of centres, and interventions are tested and evaluated in the context of existing clinical care pathways using infant- and family-relevant, routinely measured outcomes (20). This pragmatism enables trials to recruit the numbers of infants needed to evaluate clinically important effect sizes. Clinicians and service-users engage more fully when trials are likely to produce results applicable to their circumstances and generalizable across different healthcare settings and types of neonatal units. 

Assessing meaningful outcomes
To be valid and applicable, and to inform policy and practice, RCTs need to measure meaningful (sometimes modest) effects on the outcomes of greatest importance to infants, their families, carers and health services. Historically, the most important outcome for sick and preterm newborn infants has been mortality. As care practices have advanced and survival chances for sick and preterm infants have improved, assessing the effect of interventions on other morbidities, particularly adverse neurodevelopmental outcomes, has become increasingly important. This is particularly relevant in neonatology as perinatal interventions may improve short term outcomes, including survival, but at a cost of adverse longer-term outcomes. For example, giving very preterm infants systemic dexamethasone in the first few days after birth facilitates earlier weaning from mechanical ventilation and reduces supplemental oxygen requirements, but on long term follow-up however infants who received dexamethasone had a higher rate of adverse neurological effects, including cerebral palsy (21). 

Measuring longer term growth, neurological and developmental outcomes is logistically challenging and expensive, far more so than measuring morbidity or mortality during initial hospitalisation. Some neurodevelopmental assessment tools are validated and applicable for use beyond about 18 months post-term, but assessment of milder problems and of cognitive function and behavioural and educational outcomes can only reliably be undertaken after children are about 5 years old (22). It is important that neurodevelopmental assessment is achieved for as many of the trial participants as possible. Incomplete follow up of the trial cohort may be an important source of bias because participants who are assessed at long term follow up tend to have fewer and less severe adverse neurodevelopmental outcomes than those in whom neurodevelopmental assessments are not undertaken (for example, because the investigators were not able to see the child in an assessment centre) (23). 

Although disability-free survival is rightly regarded as an important trial outcome for informing practice decisions, other outcomes are sometimes useful in specific contexts. For example, the “TIPP trial” showed that prophylactic indomethacin does not affect survival without neurosensory impairment at 18 months in extremely low birth weight infants (24). However, the trial did show that prophylactic indomethacin reduced the likelihood that infants received surgery to close the patent ductus arteriosus. The decision on whether to use prophylactic indomethacin depends on the values attached by parents and carers to these benefits. For example, a reduced need for surgery may be of particular importance in centres where infants need to be moved to specialist cardiology and thoracic surgery centre. 

Composite outcomes
[bookmark: _GoBack]One consequence of the desire to ensure that all important outcomes are accounted for has been the relatively widespread use of composite outcomes in perinatal trials, with an additional perceived advantage in that combined outcomes necessitate lower sample sizes, due to a greater number of expected events. Composite outcomes include two or more (usually rare) outcomes that are considered to be important. For example, RCTs of deferred cord clamping for very preterm infants specified a primary outcome consisting of five components: death; severe brain injury shown on ultrasonography; severe retinopathy of prematurity; necrotising enterocolitis; and late-onset infection (25). Some outcomes are included within the composite because they are competing: for example, infants who die during the early neonatal period will not develop retinopathy, and the composite accounts for this. Furthermore, use of a composite primary outcome increases the statistical “power” of an RCT, that is, its ability to detect a real effect, if it exists. Although statistically efficient, however, such combined endpoints can be difficult to interpret, particularly where the different components might not be considered equally important. This problem is compounded in trials where treatment effects are observed working in opposite directions for the components of the composite as seen in the SUPPORT trial of oxygen saturation targeting which showed that the risk of severe retinopathy of prematurity was significantly reduced, while that of death before discharge was increased, in preterm infants allocated to the lower oxygen saturation target range (26). 

Core outcome sets
Concerns exist across all fields of medicine that the misuse of surrogate outcomes that do not directly inform policy or practice leads to inefficient and wasteful research (27). Trials reporting outcomes that are not relevant to infants, parents or health services do not inform clinical practice. Furthermore, use of multiple different outcomes measures leads to heterogeneity across trials so limiting the validity of meta-analyses of their combined data. One solution to this problem is the development and uptake of “core outcome sets”: a minimum set of outcomes developed in partnership with health professionals, patients and parents, to be measured in all trials in a standardised manner. The identification and use of such core outcomes in neonatology (29) should reduce research waste by facilitating evidence synthesis and address the increasingly recognised concern that parents and ex-neonatal patients identify and rank different outcomes as being important when compared to clinicians and researchers (27, 28).

More efficient trial designs
In many countries with integrated health services, developments in clinical practice and research are increasingly being driven by the ubiquity of electronic medical record systems and the application of artificial intelligence to “big” and “real world” data. Embracing these developments provides opportunities to ensure that RCTs maintain their central role guiding and improving perinatal care practices, and are able to do so more rapidly and cost-effectively. In particular, use of electronic data capture systems (such as electronic patient records and registries) provides an opportunity to develop and conduct very large RCTs, so called “mega-trials”, by making processes simpler, cheaper and more efficient (30). For example, in the UK, the “WHEAT trial” of withholding enteral feeds during packed red cell transfusion to prevent necrotising enterocolitis in preterm neonates (https://www.npeu.ox.ac.uk/wheat) is pioneering the integration of all trial processes: identification of eligible participants, randomisation, recording consent and trial data capture all occur within existing electronic patient record systems and research databases. This approach makes incorporating trial processes into day-to-day practice across hundreds of neonatal units potentially possible and provides the opportunity for involvement in neonatal clinical trials to be the norm, rather than the exception. Such trials require efficient recruitment and data collection, and simplified approaches to consent; it is reassuring that research ethics committees consider this approach consistent with good participant’s care and trial governance (31).
 
Conclusion
Over the past 60 years, neonatal health professionals and researchers in collaboration with parents and families have realised enormous improvements in care and outcomes for sick and preterm infants, and these advances have often been heralded by high quality RCTs. Notwithstanding these successes, many day-to-day aspects of neonatal care still lack high quality evidence to inform practice. Since RCTs are the best way to assess causality, they will continue to be the bedrock upon which high quality evidence based care is built, and the best option for addressing existing practice uncertainties and those that arise in future. Technological and methodological advances offer great potential to make high quality randomised trials simpler, easier and more inclusive – such trials will be essential if we are to continue improving the care and outcomes of babies that need neonatal care.
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Figure 1. Meta-analysis of RCTs of intravenous immunoglobulin for suspected or proven infection in neonates- INIS overturns previous evidence-base (16)
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