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Abstract

Purpose of review—Because of the relatively small numbers of pediatric patients with 

congenital heart disease cared for in any individual center, there is a significant need for 

multicenter clinical studies to validate new medical or surgical therapies. The Pediatric Heart 

Network (PHN), with 15 years of experience in multicenter clinical research, has tackled 

numerous challenges when conducting multicenter studies.

Recent findings—This review describes the challenges encountered and the strategies 

employed to conduct high-quality, collaborative research in pediatric cardiovascular disease.

Summary—Sharing lessons learned from the PHN can provide guidance to investigators 

interested in conducting pediatric multicenter studies.
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INTRODUCTION

Despite many advances and improvements, the care of children with heart disease still lacks 

a robust evidence base, and morbidity and mortality rates remain high. As compared to other 

pediatric sub-specialties, there are fewer pediatric cardiovascular trials registered in 

clinicaltrials.gov, and only a small proportion of these focus on congenital heart disease 

(CHD) [1■]. Because of the paucity of multicenter clinical studies in pediatric 

cardiovascular disease and the multiple rare conditions comprising CHD, the National Heart, 

Lung, and Blood Institute (NHLBI) established the Pediatric Heart Network (PHN) in 2001, 

a nimble infrastructure of multiple centers, designed to support a variety of clinical studies 

in pediatric cardiovascular disease.
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The mission of the PHN is to improve health outcomes, disseminate collaborative findings, 

train and educate new investigators, and provide support and advocacy for families through 

the conduct of research. The PHN consists of nine main clinical sites, additional auxiliary 

sites, a data coordinating center, and the NHLBI (Fig. 1) [2]. The PHN has established best 

practices for multicenter research and has completed 11 studies, with an additional five 

underway and four nearing launch. These studies include phase I, II, and III clinical trials, 

observational studies, and quality improvement, nursing, and health services research studies 

(Table 1). In 2009, to encourage translation of research findings between the basic science, 

genetics and clinical arenas, the PHN was joined by the Cardiovascular Development 

Consortium and the Pediatric Cardiac Genomics Consortium; together these three programs 

make up the Bench to Bassinet translational research program.

The first challenge to multicenter collaboration is establishing an integrated infrastructure. 

Once the collaborative infrastructure is formed, the major challenges are sustaining the 

collaboration, asking the right scientific questions, ensuring study feasibility, recruiting and 

retaining study participants, overcoming regulatory hurdles, disseminating results, and 

remaining current.

Collaboration

The PHN operates on the ‘it takes a village’ principle, building on successful relationships 

within and outside of the PHN. Multidisciplinary research encourages unique study team 

configurations in which collaboration occurs among physicians, nurses, neurodevelopmental 

specialists, physical therapists, imaging experts, statisticians, and so on. The PHN is unique 

in that it provides financial, statistical, and mentoring support for nursing research, further 

expanding collaborations.

External collaborations are highlighted by the Marfan trial, which compared the effect of 

losartan and atenolol on aortic root outcomes [3,4■■]. The Marfan Foundation provided 

financial support and helped with recruitment and communication, using its prominence to 

encourage enrolment. This trial offers another example of external collaboration, in that the 

scientific ideas behind the trial were brought to the PHN by a non-PHN investigator. The 

PHN has also benefitted from collaborations with pharmaceutical companies which have 

donated study drugs and proposed partnerships with the PHN, with the goal of receiving 

pediatric labeling. Finally, the PHN has been fortunate to receive funds from the Food and 

Drug Administration’s (FDA) Office of Orphan Products Development and the Eunice 

Kennedy Shriver National Institute of Child Health and Human Development. These internal 

and external collaborations have been instrumental in achieving our goals.

The PHN has been fortunate to have investigators who are committed to the mission and 

want it to succeed. Nevertheless, we made sure at the beginning to establish rules of 

engagement for potentially contentious activities. In particular, long before any articles were 

written, we established a publication process that would ensure appropriate recognition of 

effort and provide opportunities for as many people as possible, including study coordinators 

and junior faculty, to participate. We applied the same democratic principles to selecting 

auxiliary sites and ancillary studies. Our emphasis on collegiality has succeeded in fostering 
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an environment in which investigators and coordinators rely upon one another for support 

and ideas and share lessons learned.

Asking the right scientific questions

Collaboration alone is not sufficient if investigators cannot identify and agree upon the most 

compelling scientific questions. The PHN takes a multi-pronged approach to this. First, both 

PHN and non-PHN investigators can propose ideas for studies. This open call for proposals 

permits us to harness the intellectual power of a broad range of expertise and to conduct 

studies of importance to the wider pediatric research community.

Second, the right scientific questions cannot always be answered by a clinical trial. Although 

the initial intent was for the PHN to conduct only clinical trials, it soon became apparent that 

key information, like anticipated effect size of various interventions, did not exist. The 

flexibility of the PHN infrastructure allows study design to adapt to the state of the science. 

For example, the Fontan study was originally intended to be a clinical trial but was 

ultimately executed as a prospective observational study because of lack of sufficient data to 

design a trial [5]. Other questions may benefit from a quality improvement approach, which 

is why we designed the Collaborative Learning Study, to determine whether creation and 

subsequent adoption of a clinical practice guide can improve patient outcomes such as 

earlier extubation following surgery.

Third, identifying the right scientific question requires a discussion of equipoise, a legitimate 

uncertainty as to which treatment is better. This has been a challenge for the PHN, as 

pediatric cardiology is often characterized by strongly-held, sometimes divergent beliefs. In 

the Single Ventricle Reconstruction trial [6,7], comparing two surgical procedures for initial 

palliation of single right ventricle, we knew that the surgeons’ willingness to randomize was 

key to the success of the trial. To assess equipoise, we obtained data on surgical practices 

and preferences at participating sites, and also asked all participating surgeons to affirm their 

commitment to the trial. As a result, we had no significant problems with recruitment. In the 

Infant Single Ventricle trial [8,9], in which enalapril was compared with placebo in infants 

after stage I palliation for single ventricle physiology, however, recruitment suffered by not 

assessing equipoise at the beginning of the study. Although the investigators who 

participated in protocol development had equipoise, the clinical providers caring for these 

infants often did not, resulting in significant unanticipated recruitment challenges [10].

Feasibility

Identifying the most important scientific question does not ensure that it is feasible to answer 

that question. The first step is to determine a clinically relevant endpoint. The FDA looks for 

endpoints that reflect how a patient survives, feels, or functions in daily life. In adult 

cardiovascular studies, endpoints include all-cause mortality or major adverse cardiac events 

(MACEs), such as myocardial infarction and stent thrombosis. Fortunately, individuals with 

CHD do not have high rates of mortality or MACE, but low rates of hard endpoints pose a 

problem for clinical trial design. Except for the Single Ventricle Reconstruction trial, which 

included a mortality endpoint, other PHN trials have all required surrogate endpoints. 

Mindful of the potential pitfalls of surrogate endpoints, we have focused on endpoints that 
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are as clinically relevant as possible, using the following as our litmus test: would the trial 

results based on this endpoint influence practice? In all cases, we selected surrogate 

endpoints known to be linked to serious adverse outcomes, such as change in coronary artery 

diameter [11], somatic growth [9], and aortic root diameter [4■■].

After agreement on the endpoint, we need to determine the effect size based on differences 

between event rates in the study arms. This poses a particular challenge for the PHN because 

there is little published literature on likely changes in event rates as a result of one treatment 

or another. However, one of the advantages of the Network infrastructure is that it provides 

the resources to analyze data on event rates at individual sites, where these data may have 

been obtained for other reasons. In addition, our early studies have informed design of later 

trials. For example, the Fontan Udenafil Exercise Longitudinal Assessment (FUEL) study 

will test the use of a phosphodiesterase type 5 inhibitor in adolescents with Fontan 

physiology; results of the Fontan observational study were used to inform the design of the 

FUEL study.

Another aspect of feasibility is whether the PHN centers have sufficient numbers of eligible 

patients. A common pitfall is to simply count the number of patients with the requisite 

diagnosis, but this does not take into account the inclusion and exclusion criteria for a 

specific study. The Network infrastructure allows study coordinators to conduct searches of 

local databases and determine how many patients are eligible based on the actual trial 

protocol. We have emphasized this approach after learning a hard lesson from our attempt to 

conduct a trial of angiotensin-converting enzyme inhibition to treat mitral regurgitation in 

atrioventricular septal defects [12]. For this trial, we based the degree of mitral regurgitation 

after repair on published literature, which did not necessarily reflect current practice. This 

error led us to overestimate of the number of available patients with severe enough mitral 

regurgitation for inclusion in the study; the PHN ultimately shut down the trial for inability 

to recruit individuals. Although this was unfortunate, it does illustrate another advantage of 

the Network structure: it is less traumatic to shut down a Network study because there are 

other studies planned and ready to fill the void.

Recruitment and retention

Every clinical study struggles with recruitment and retention, and the PHN is no different. 

We have a series of strategies to help meet this challenge. We have the flexibility to add 

auxiliary sites when needed to augment the eligible population at the main PHN sites. This 

has not only helped with recruitment, but also has expanded the scientific talent pool. As a 

learning organization, we have adopted the approach of soliciting and sharing best practices 

across sites through conference calls and in-person meetings [10]. In addition, because the 

PHN is an ongoing enterprise, we can learn from each study and apply the information 

gained to subsequent studies. One strategy recently adopted is to require that recruitment and 

retention plans be established during protocol development. Finally, the Children and 

Clinical Studies Campaign (http://www.nhlbi.nih.gov/childrenandclinicalstudies/index.php), 

developed with PHN resources, offers patients and families an accessible means of learning 

about what it means to participate in clinical research, what they should consider before 

signing a consent form, and what questions they should ask.
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The power of a study derives from both recruiting enough participants, and then retaining 

them through the protocol-specified follow-up period. We believe that the relationships 

established with the study staff, especially with the coordinators, help with study retention. 

Families can contact the coordinators at any time and obtain reassurance about any concerns 

they may have about study participation.

Regulatory hurdles

A common regulatory hurdle in clinical research is institutional review board (IRB) 

approval. One of the advantages of the PHN is that we have refined our protocol 

development over time and learned from our mistakes. At this point, IRBs are familiar with 

PHN protocols, leading to fewer delays in IRB review. The FDA has also become familiar 

with the PHN, which may help during the investigational new drug (IND) application 

process for our regulated trials.

A bigger challenge for the PHN, and for many other clinical researchers, is executing 

subcontracts with clinical sites and core laboratories. The PHN has recently implemented a 

master agreement with the main PHN sites, such that when additional subcontract language 

is required for the next study, the main concepts are already in place, and contract approval 

is facilitated. Pediatric clinical trials often require innovative strategies. In the Single 

Ventricle Reconstruction surgical trial, the standard approach to reporting serious adverse 

events used in drug trials was not working well because most of the standard perioperative 

care qualified as a serious adverse event. The study committee developed a ‘sentinel event’ 

approach to adverse event reporting [13], which ensured the safety of participants while 

decreasing the burden associated with reporting multiple adverse events in a very sick 

population. This approach was adopted in a subsequent NHLBI trial of hypothermia in 

children after cardiac arrest [14].

Dissemination of results

An important tenet of conducting clinical research is that the results be disseminated widely. 

A separate writing committee is formed for each PHN article, so that there are rotating 

groups of authors with opportunities for investigators from PHN and auxiliary sites, study 

coordinators, and trainees to participate. Because the funds for statistical analysis and article 

preparation are included in the PHN’s budget, there are fewer limits on the amount of 

valuable information that can be disseminated from our studies. PHN studies are published 

in a wide variety of journals that reach adult and pediatric cardiovascular audiences as well 

as general pediatricians.

An important component of disseminating findings is that this should occur in a timely 

fashion. NHLBI colleagues showed that a significant proportion of NHLBI-funded trials had 

not published their main results more than 2 years after the study was completed [15■]. The 

four PHN trials have been published an average of 16 months after the last patient visit; the 

recent Marfan trial main results article was published just 8 months after the last patient 

visit.
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Remaining current

Since 2001, the PHN has evolved to meet changing scientific needs and opportunities as 

well as changing economic circumstances. The opportunity to collaborate with 

pharmaceutical companies has led to two new phase I/II trials, one of which expands PHN 

collaborations to include pediatric cardiac anesthesiologists. We have also begun two quality 

improvement studies. In the Collaborative Learning study, we are working with industrial 

engineers who help us understand complex workplace processes. In the Residual Lesion 

Score study, one of the aims is to compare the traditional process of data-gathering for 

clinical research (i.e., coordinators extracting data from charts) with the use of databases, 

registries, and electronic health records to gather the same data, in an attempt to see whether 

existing data sources can be used to streamline data acquisition in clinical research. In 2014, 

we established a Health Services and Outcomes Collaboratory, focused on opportunities for 

data integration across multiple existing databases, and the potential for conducting clinical 

trials based on registries, following the model of the adult cardiovascular trials Study of 

Access Site for Enhancement of Percutaneous Coronary Intervention in Women [16] or 

Thrombus Aspiration in ST-Elevation Myocardial Infarction in Scandinavia [17]. The PHN 

has embraced the era of data sharing by making datasets from the Fontan study, the Single 

Ventricle Reconstruction, and Infant Single Ventricle trials available to a wider pool of 

investigators for secondary analysis on the PHN website (www.pediatricheartnetwork.com).

Part of remaining current is ensuring that the next generation of researchers is trained to help 

push us forward. PHN’s annual Career Day brings fellows and junior faculty from our main 

and auxiliary sites to participate in lectures and small-group discussions by PHN faculty and 

NHLBI staff on topics ranging from navigating National Institutes of Health (NIH) funding 

to designing a clinical trial. Since 2013, the PHN has also funded 6–7 PHN Scholars each 

year, who undergo rigorous peer review before being selected to receive financial support for 

a mentored project. The goal is to prepare them to submit a K23 NIH Mentored Award for 

Patient-Oriented Research or other funding application.

CONCLUSION

Multicenter clinical research brings challenges around every corner. Although each study 

has a learning curve, the PHN has adopted some key principles that help us work effectively 

and efficiently. The PHN is beginning to achieve its goal of influencing practice; PHN 

studies have been referenced in the guidelines for pediatric heart failure [18■] and adult 

CHD [19■]. The PHN will continue to evolve, in response to economic circumstances, to a 

hybrid model that includes industry partnerships and incorporates separate investigator-

initiated funding for some clinical trials. As the PHN faces these new challenges, it will 

remain true to its principles of collaboration and continuous learning.
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KEY POINTS

• The PHN has 15 years of experience with multicenter clinical research.

• The challenges to multicenter collaboration are establishing an integrated 

infrastructure, sustaining the collaboration, asking the right scientific 

questions, ensuring study feasibility, recruiting and retaining study 

participants, overcoming regulatory hurdles, disseminating results, and 

remaining current.

• As a learning organization, the PHN has evolved and developed strategies to 

meet these challenges.
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FIGURE 1. 
Pediatric Heart Network Centers. This figure illustrates the distribution of PHN centers 

throughout North America, including nine main centers, numerous auxiliary sites, a data 

coordinating center, and the NHLBI. Original figure.
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