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Abstract
Ensuring that policies and practice in perinatal care are in-
formed by evidence from high-quality research is funda-
mental to improving outcomes for newborn infants and 
their families. Effective interventions in the perinatal period 
can have a life-long impact disproportionate to their costs. 
Many of the major advances in care that have transformed 
outcomes for preterm and sick newborn infants have been 
informed by empirical and applied health research. Con-
versely, there are examples of life-long adverse consequenc-
es for infants and families that are a legacy of practices based 
on poor-quality evidence. The challenge in the 21st century 
is to maintain the trajectory of improvements in care and 
outcomes. This will most likely be achieved via marginal 
gains from new or improved care practices underpinned by 
a range of research approaches, from preclinical and labora-
tory-based empirical studies that uncover pathogenic path-
ways or therapeutic mechanisms, to large-scale, applied re-
search such as multicentre, randomised controlled trials. 
This will involve the coordination and collaboration of re-
search efforts globally. Strategies to develop and prioritise 

research questions need to involve parents and families. Giv-
en the context in which much perinatal research is conduct-
ed, particularly in emergency situations around the time of 
birth, robust and transparent ethics and governance frame-
works are essential to maintain the trust and engagement of 
communities. An ethical imperative exists to ensure that re-
search output is disseminated effectively, and that effective 
and cost-effective interventions are implemented and inte-
grated within a cycle that audits and benchmarks good prac-
tice and outcomes, and informs research evidence-based 
continuous quality improvement. This is the first in a series 
of articles on research methodology in neonatal medicine to 
be published in Neonatology, in response to a request from 
trainee researchers. We introduce the series by describing 
the research cycle, in particular how it is applied in neonatal 
medicine. Subsequent articles will cover translational re-
search, clinical trials, diagnostic tests, global challenges, and 
the ethical issues relating to neonatal/perinatal research.

© 2018 S. Karger AG, Basel

This paper is the first article of the special series “Research Methods in 
Neonatal Medicine” (Guest Editor: Bill McGuire, York, UK).
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Most things we do in medicine have no (direct)  
supporting evidence that they do more good than harm.

William A. Silverman

Introduction

Bill Silverman’s call [1] to base our care practices on 
the best evidence from high-quality research remains 
relevant today. Having made major advances in perina-
tal care over the past 5 decades, the ongoing challenge is 
to undertake high-quality research to address the gaps 
in our knowledge about the persistent and emerging 
causes of morbidity and mortality of newborn infants [2, 
3]. Over the next year, Neonatology is publishing a series 
of commissioned articles on this theme, and Bill Mc-
Guire will act as Guest Editor for these important pa-
pers. They will be written by clinicians and methodolo-
gists with experience and expertise in perinatal research. 
They will describe key aspects of research design and 
governance, and discuss strategies for undertaking valid 
and impactful research in a variety of health care set-
tings. This is the first of these articles and it describes the 
research cycle.

The Research Cycle 

Policy and practice should be informed by the best-
quality (and least-biased) research evidence available. 
“Research,” defined broadly, encompasses a range of 
activities that can contribute to improvements in care 
and outcomes. These include “preclinical” laboratory-
based studies, “clinical” observational and experimen-
tal studies, qualitative evaluations of family and care-
provider views, economic analyses to provide context 
to health services with finite resources, and quality im-
provement programmes incorporating audit and 
benchmarking cycles within clinical networks. These 
activities are inter-dependent and form the “research 
cycle” (Fig. 1), which integrates the development, eval-
uation, and adoption of better tests and treatments, 
with health care and service needs, and infant and fam-
ily views and expectations.

The identification of research needs, the prioritisation 
of research questions, and the development of research 
strategies start with the recognition of clinical concerns 
or problems. Research may be triggered, for example, by 
an awareness of gaps in our knowledge about a common 
cause of mortality or morbidity (such as necrotising en-

terocolitis), or by demonstrating unexplained variations 
in outcomes between centres (e.g., the rates of surgery for 
necrotising enterocolitis). These observations may be at 
the local level, or at a regional or national level, and they 
may trigger various types of research activity. 

At the outset, all research, including preclinical or clin-
ical studies, should be underpinned by a systematic review 
of the existing evidence in order to avoid the research 
waste, and by an evaluation of parent and care-provider 
views on important questions and outcomes [4, 5]. Ulti-
mately, the hope is that research contributes to the devel-
opment of better treatments or tests or prognostic infor-
mation. New interventions can then be evaluated in large-
scale studies, ideally in “real world” settings and conditions. 
If they are shown to be clinically effective and cost-effec-
tive, they can be adopted as standards of care to improve 
outcomes for infants and their families.

Early-Stage Translational Research

Preclinical (sometimes referred to as “basic”) research 
has underpinned many of the advances in care that have 
transformed outcomes for newborn infants [6]. Research 
studies using biochemical, physiological, or molecular 
genetic techniques, and cell culture or experimental ani-
mal models, have informed, for example, the develop-
ment of antenatal corticosteroid therapy, exogenous sur-
factant administration, nitric oxide treatment for respira-
tory failure, and therapeutic hypothermia for neonatal 
encephalopathy [7–10]. 

Early-stage translational research is the topic of the next 
article in this series. The authors will discuss the ongoing 
role of preclinical studies in the 21st century, and describe 
how “blue-sky” and inter-disciplinary preclinical research 

Clinical problem

Applied research

Clinical care Basic research

Framework for solving clinical problems

Fig. 1. The research cycle.
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remain key to improving our understanding of the path-
ways leading to disease in newborn infants, and can be the 
starting point for the development of new interventions 
and tests to improve neonatal care and outcomes.

Clinical Studies and Trials

A variety of clinical research study designs exist. 
Broadly, these are categorised as “observational” or “ex-
perimental.” Commonly used observational designs in-
clude cross-sectional, case-control, and cohort (retro-
spective or prospective) studies. These design frame-
works can be adapted to address a range of questions, 
such as etio-pathogenesis (including genetic risk factors), 
safety, diagnostic accuracy, and prognosis (studies of 
which can extend for the life-course and across genera-
tions). These descriptive and exploratory approaches are 
particularly useful for studying rare conditions or out-
comes that are uncommon. For example, cohort and 
case-control studies provided the first indications that ex-
posure to antenatal magnesium sulfate was associated 
with a reduced risk of cerebral palsy in very-low-birth-
weight infants [11, 12]. 

While observational studies can reveal associations, 
however, they are generally not suitable for demon-
strating causality, because confounding factors can 
contribute to the associations observed. Experimental 
studies are less subject to confounding and other sourc-
es of biases that skew estimates of effect [13]. The ran-
domised controlled trial (RCT) is the optimal design for 
determining efficacy and effectiveness, provided it is 
large enough to detect important effect sizes [14]. For 
example, prompted by the observed association of an-
tenatal magnesium sulfate with a lower risk of cerebral 
palsy, clinical investigators, internationally, undertook 
RCTs to provide causal evidence of the neuro-protec-
tive effects of magnesium in very-low-birth-weight in-
fants [15].

The third article in this series will describe the  
central role of clinical trials in perinatal research, with 
an emphasis on developments during the past 10 years, 
particularly the use of simple and pragmatic designs  
to undertake the large, multicentre RCTs needed to as-
sess outcomes that are important for the infants and 
their families [16]. The authors will discuss develop-
ments in efficient trial designs, including the use of rou-
tinely collected outcome data. These approaches are 
likely to be increasingly common as we seek to under-
take the very large trials that are needed to detect mar-

ginal improvements in care and outcomes that can, in 
turn, affect life-long outcomes for newborn infants and 
families [17]. 

Assessing Diagnostic Test Accuracy

The assessment of the accuracy of diagnostic tests, 
even those commonly used, remains a poorly under-
stood and somewhat neglected area of clinical research. 
However, the appropriate use of tests, informed by 
high-quality (unbiased) evaluations of their accuracy 
(their ability to predict outcomes), is an essential com-
ponent of evidence-based practice. For example, stud-
ies of the accuracy of oxygen saturation measurement 
for diagnosing congenital heart disease have had a ma-
jor impact on care pathways and infant outcomes [18]. 
Other areas of active research interest in neonatal care 
include the accuracy of biomarkers for diagnosing in-
vasive infection, and the comparative accuracy and util-
ity of neuro-imaging modalities in predicting neuro-
logical or developmental outcomes in very preterm in-
fants [19, 20].

The assessment and application of diagnostic test ac-
curacy will be explored in the fourth article in this series. 
The authors will provide a methodological overview for 
clinicians about what makes a good diagnostic test, how 
research studies should assess accuracy, and how clini-
cians should appraise and apply the research evidence on 
diagnostic test accuracy and utility. 

Integrating Parents and Families in Research 
Initiatives

Research funders increasingly require evidence of pa-
rental involvement and shared decision-making in devel-
oping research questions, particularly in the choice of 
outcome measures important for infants and their fami-
lies. Priority topics for publically funded research should 
be developed by collaborations of clinicians, care provid-
ers, service commissioners, and infant- and family-advo-
cacy organisations [4]. The aim is to ensure that proposed 
research is likely to be acceptable and feasible, and that 
research outputs meet the needs of service users and ser-
vice providers. “Priority-setting partnerships” of service 
users and service providers can inform research agendas 
by identifying important gaps in knowledge and evidence 
by means of surveys and systematic reviews of existing 
studies and guidelines [5]. 
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The fifth article of this series will describe the oppor-
tunities and challenges surrounding parental involve-
ment in research, and its importance at all stages of the 
research cycle, from the formulation of questions to the 
dissemination and implementation of findings.

Global Challenges for Perinatal Health Research

Despite improvements in perinatal care and out-
comes during the past 2 decades, 2.6 million newborn 
infants die each year, predominantly in south Asia and 
central and sub-Saharan Africa. Most neonatal deaths 
are due to complications related to preterm birth and 
low birth weight, or adverse intrapartum events, and oc-
cur at home or in low-technology health care facilities 
[21]. While enormous challenges exist for developing 
and implementing sustainable interventions to address 
this burden in low-income countries, notable advances 
have been made in some areas such as the reduction in 
global mortality from neonatal tetanus [22]. Priority ar-
eas for research to further reduce perinatal mortality 
and morbidity globally include interventions to pro-
mote skilled care during labour and childbirth (at both 
health care facilities and at home), reduce the risk of in-
fection associated with umbilical cord care, support 
breastfeeding and “kangaroo mother care,” and improve 
the recognition and treatment of neonatal infections 
[23]. While the focus is on community-based interven-
tions, research is also needed to evaluate and improve 
the safety and effectiveness of interventions used in 
health care facilities and integrated local “health sys-
tems” [24]. Much of the currently available evidence for 
facility-based neonatal care is from studies undertaken 
in high-income countries, and much of it is not directly 
applicable in resource-limited settings. There is a need 
to scale-up research efforts to include large, pragmatic 
clinical trials to assess the effectiveness, relevant to the 
setting and in terms of costs, of many of the routinely 
used interventions in resource-limited settings, particu-
larly in sub-Saharan Africa [25].

The sixth article of this series will consider the oppor-
tunities and challenges of conducting large-scale research 
studies in low-to-middle-income countries, discussing 
both health care facility-based and community-based ini-
tiatives, and describing the areas for evaluation and im-
plementation that align with research priorities. 

Ethics of Perinatal Research Participation

The critical importance of robust ethical governance 
in all research cannot be overstated. Safety and respect for 
the rights of study participants is fundamental to good 
research. Studies that are designed/conducted badly are 
unethical, even if they do not place participants at direct 
risk or harm, because people agree to take part in studies 
on the premise that the design is fit-for-purpose. Frame-
works for ensuring rigorous ethics in perinatal research 
are well-established in many countries, and are integrated 
into research prioritisation, funding, and approval path-
ways. Perinatal research, however, does bring with it ad-
ditional complexity, particularly with regard to consent, 
because permission for infants to participate in studies is 
typically provided by parents [26]. This issue is especially 
difficult when considering interventional research in the 
emergency care setting, for example immediately after 
birth [27]. Various approaches to ensuring that parents 
are fully informed and can actively give permission for 
infants to participate in research have been considered 
and assessed, but there is uncertainty and the debate 
about how to best integrate these processes in pragmatic 
studies is ongoing [28]. 

The authors of the seventh article of this series will 
provide a practical overview of research ethics for clini-
cians (in various settings), discussing the principles of in-
formed consent and the roles that the various governance 
and regulatory frameworks play in ensuring quality and 
ethical rigour in research studies.

Evidence into Policy and Practice

Completing the research cycle requires that we en-
sure that what is implemented in practice is based on 
findings (or that ineffective interventions are removed 
from practice), and that there is equity of access to effec-
tive and cost-effective interventions. In perinatal health 
care settings, this is increasingly facilitated by audit, 
benchmarking, and quality improvement activities em-
bedded in the regional, national, or international net-
works of neonatal units [29]. These facilitate the moni-
toring and peer-referencing of care practices and risk-
adjusted outcomes. The aim is to highlight excellence, 
so that centres may identify areas of good practice that 
they wish to adopt or adapt from within their network. 
For example, continuous quality improvement projects 
have been used to promote the use of evidence-based 
interventions to reduce the risk of nosocomial infections 
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in neonatal units, and to decrease in the incidence of  
hypothermia in very-low-birth-weight infants in the de-
livery room [30, 31]. 

The eighth article in the series will describe how multi-
faceted quality improvement initiatives can be coupled 
with research, aiming to improve performance, profes-
sional development, policies and practice, and ultimately 
infant and family outcomes [32].

What Makes Good Quality Research Evidence?

The concluding article will summarise some of the key 
lessons and messages from the series, and discuss current 
approaches for appraising the quality of research and re-
search outputs so that these may be valid and useful for 
clinicians, families, and guideline writers and service 
commissioners [33]. We will highlight the role of research 
synthesis in this process, and the contribution of the Co-
chrane and systematic reviews to improving the conduct 
and reporting of primary research studies.

References

 1 Silverman WA: Doing more good than harm. 
Ann NY Acad Sci 1993; 703: 5–11.

 2 Wilkinson D, Chalmers I, Cruz M, Tarnow-
Mordi W: Dealing with the unknown: reduc-
ing the proportion of unvalidated treatments 
offered to children. Arch Dis Child Fetal Neo-
natal Ed 2015; 100:F190–F192. 

 3 Foglia EE, DeMauro SB, Dysart K, Kirpalani 
H: When has enough evidence accumulated 
to change neonatal practice? Semin Fetal 
Neonatal Med 2015; 20: 424–430.

 4 Chalmers I, Bracken MB, Djulbegovic B, Ga-
rattini S, Grant J, Gulmezoglu AM, et al: How 
to increase value and reduce waste when re-
search priorities are set. Lancet 2014; 383: 156–
165.

 5 Duley L, Uhm S, Oliver S; Preterm Birth Pri-
ority Setting Partnership Steering Group: Top 
15 UK research priorities for preterm birth. 
Lancet 201; 383: 2041–2042.

 6 Philip AG: The evolution of neonatology. Pe-
diatr Res 2005; 58: 799–815.

 7 Hallman M: The story of antenatal steroid 
therapy before preterm birth. Neonatology 
2015; 107: 352–357. 

 8 Curstedt T, Halliday HL, Hallman M, Saugs-
tad OD, Speer CP: 30 years of surfactant re-
search – from basic science to new clinical 
treatments for the preterm infant. Neonatol-
ogy 2015; 107: 314–316.

 9 Steinhorn RH: Advances in neonatal pulmo-
nary hypertension. Neonatology 2016; 109: 

334–344.
10 Johnston MV, Fatemi A, Wilson MA, 

Northington F: Treatment advances in neo-
natal neuroprotection and neurointensive 
care. Lancet Neurol 2011; 10: 372–382.

11 Nelson KB, Grether JK: Can magnesium sul-
fate reduce the risk of cerebral palsy in very 
low birthweight infants? Pediatrics 1995; 95: 

263–269.
12 Schendel DE, Berg CJ, Yeargin-Allsopp M, 

Boyle CA, Decoufle P: Prenatal magnesium 
sulfate exposure and the risk for cerebral pal-
sy or mental retardation among very low-
birth-weight children aged 3 to 5 years. JAMA 
1996; 276: 1805–1810.

13 Odgaard-Jensen J, Vist GE, Timmer A, Kunz 
R, Aki EA, Schunemann H, et al: Randomisa-
tion to protect against selection bias in health-
care trials. Cochrane Database Syst Rev 2011; 

4:MR000012.
14 Hay SC, Kirpalani H, Viner C, Soll R, Duk-

hovny D, Mao WY et al: Do trials reduce un-
certainty? Assessing impact through cumula-
tive meta-analysis of neonatal RCTs. J Perina-
tol 2017; 37: 1215–1219.

15 Crowther CA, Middleton PF, Voysey M, 
Askie L, Duley L, Pryde PG, et al; AMICABLE 
Group: Assessing the neuroprotective bene-
fits for babies of antenatal magnesium sul-
phate: an individual participant data meta-
analysis. PLoS Med 2017; 14:e1002398. 

16 Tarnow-Mordi W, Cruz M, Morris J: Design 
and conduct of a large obstetric or neonatal 
randomized controlled trial. Semin Fetal 
Neonatal Med 2015; 20: 389–402.

17 Gale C, Morris I; Neonatal Data Analysis Unit 
(NDAU) Steering Board: The UK National 
Neonatal Research Database: using neonatal 
data for research, quality improvement and 
more. Arch Dis Child Educ Pract Ed 2016; 

101: 216–218.
18 Hoffman JI: It is time for routine neonatal 

screening by pulse oximetry. Neonatology 
2011; 99: 1–9.

19 Ng PC, Lam HS: Biomarkers in neonatology: 
the next generation of tests. Neonatology 
2012; 102: 145–151.

20 Edwards AD, Redshaw ME, Kennea N, Rive-
ro-Arias O, Gonzales-Cinca N, Nongena P, et 
al; ePrime Investigators: Effect of MRI on pre-
term infants and their families: a randomised 
trial with nested diagnostic and economic 
evaluation. Arch Dis Child Fetal Neonatal Ed 
2018; 103:F15–F21.

21 Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, 
et al: Global, regional, and national causes of 
under-5 mortality in 2000–2015: an updated 
systematic analysis with implications for the 
Sustainable Development Goals. Lancet 2016; 

388: 3027–3035. 
22 Travers CP, Carlo WA: How to save 1 million 

lives in a year in low- and middle-income 
countries. Neonatology 2017; 111: 431–436.

23 Yoshida S, Rudan I, Lawn JE, Wall S, Souza JP, 
Martines J, et al; Neonatal Health Research 
Priority Setting Group: Newborn health re-
search priorities beyond 2015. Lancet 2014: 

12; 384:e27–e29. 
24 Lassi ZS, Bhutta ZA: Community-based in-

tervention packages for reducing maternal 
and neonatal morbidity and mortality and 
improving neonatal outcomes. Cochrane Da-
tabase Syst Rev 2015; 3:CD007754. 

25 English M, Karumbi J, Maina M, Aluvaala J, 
Gupta A, Zwarenstein M, Opiyo N: The need 
for pragmatic clinical trials in low and middle 
income settings – taking essential neonatal in-
terventions delivered as part of inpatient care as 
an illustrative example. BMC Med 2016; 14: 5.

26 Janvier A, Farlow B: The ethics of neonatal 
research: an ethicist’s and a parents’ perspec-
tive. Semin Fetal Neonatal Med 2015; 20: 436–
441.

27 Megone C, Wilman E, Oliver S, Duley L, Gyte 
G, Wright J: The ethical issues regarding con-
sent to clinical trials with pre-term or sick ne-
onates: a systematic review (framework syn-
thesis) of the analytical (theoretical/philo-
sophical) research. Trials 2016; 17: 443.

28 Modi N: Ethical pitfalls in neonatal compara-
tive effectiveness trials. Neonatology 2014; 

105: 350–351.
29 Profit J, Soll RF: Neonatal networks: clinical 

research and quality improvement. Semin Fe-
tal Neonatal Med 2015; 20: 410–415.

30 Davis JW, Odd D, Jary S, Luyt K: The impact 
of a sepsis quality improvement project on 
neurodisability rates in very low birthweight 
infants. Arch Dis Child Fetal Neonatal Ed 
2016; 101:F5624.

31 Leng H, Wang H, Lin B, Cheng G, Wang L: 
Reducing transitional hypothermia in out-
born very low birth weight infants. Neonatol-
ogy 2016; 109: 31–36.

32 Shah V, Warre R, Lee SK: Quality improve-
ment initiatives in neonatal intensive care 
unit networks: achievements and challenges. 
Acad Pediatr 2013; 13(suppl):S75–S83.

33 Phillips B: GRADE: levels of evidence and 
grades of recommendation. Arch Dis Child 
2004; 89: 489.

D
ow

nl
oa

de
d 

by
: 

U
ni

v.
 o

f C
al

ifo
rn

ia
 S

an
ta

 B
ar

ba
ra

12
8.

11
1.

12
1.

42
 -

 3
/2

4/
20

18
 1

2:
57

:3
7 

P
M


