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KEY POINTS
 Components of comparative effectiveness research (CER) include comparisons of alternative standards of care, evaluating outcomes important to individuals, and incorporating
varied settings and participants.
 Neonatal clinical research contains examples of CER with strengths in clinical trials and
metaanalyses comparing alternative standards of care.
 Future work in neonatal CER could focus on patient-centered outcomes in both prospective and retrospective studies.

INTRODUCTION

There is increasing discussion in medical literature and among grant funding agencies
about the need for comparative effectiveness research (CER). CER is defined by the
Institute of Medicine as “the generation and synthesis of evidence that compares
the benefits and harms of alternative methods to prevent, diagnose, treat, and monitor
a clinical condition or to improve the delivery of care.”1 At first glance, this definition is
broad enough that it potentially encompasses all types of clinical research, because
the prevention, diagnosis, and treatment of illness is the ultimate goal of any clinical
research team. In fact, neonatal clinical research literature already contains many
examples of research that fit into the broad framework of CER. This article describes
the main types of CER research methods using recent examples from existing neonatology literature, and highlights challenges in conducting CER specific to neonatal
research.
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WHAT IS COMPARATIVE EFFECTIVENESS RESEARCH?

The focus of CER is to assist patients, clinicians, and policymakers in making informed
decisions to improve health care. Although a variety of research methods can be used
to accomplish these goals, 4 key elements of CER have been identified.
Direct Comparison of Potential Alternative Standards of Care

In contrast with an efficacy trial of a novel intervention versus a placebo, an effectiveness study compares the outcome of at least 2 existing interventions that a patient or
clinician could reasonably choose in day-to-day clinical practice. Specifically, an
effectiveness study aims to determine if an intervention does work, whereas a traditional efficacy study aims to determine if it can work.2
Evaluating a Broad Array of Health-related Outcomes that Are Important to
Individuals

Although there is often overlap, CER targets individual decision making by the patient
or clinician, whereas public health decision making focuses on a population. CER
studies assess both benefits and harms of interventions, and the measurement of clinical outcomes (as opposed to surrogate markers) that are important to decisionmakers such as survival, daily functioning, symptoms, and health-related quality of life.
Incorporating a Wide Variety of Settings and Participants

In contrast with carefully controlled clinical trials evaluating a select group of patients,
CER is meant to focus on a typical patient in a typical practice setting. In addition to
estimating an average treatment effect across an entire study population, a goal of
CER is to study heterogeneous effects within clinically relevant subgroups to help predict which individuals most benefit from treatment.3
Prioritizing Topics of Interest to Stakeholders

Involvement from patients, clinicians, policymakers, and other relevant participants in
health care delivery is seen as key to guiding investment in research that reflects the
priorities of the public.
HOW DOES COMPARATIVE EFFECTIVENESS RESEARCH RELATE TO QUALITY
IMPROVEMENT?

Neonatal research has documented numerous examples of variation in neonatal care
practices, such as use of inotropic agents,4 use of home oxygen and diuretics for
infants with bronchopulmonary dysplasia,5,6 and antenatal counseling for preterm infants.7 Likewise, there are numerous examples of variation in important clinical outcomes, such as mortality for extremely preterm infants,8 bronchopulmonary
dysplasia,9 and length of hospital stay.10 Quality improvement efforts focus on
reducing variation in care and implementing best process and practice within individual neonatal intensive care units (NICUs) via education, monitoring changes in care
and outcome, and benchmarking of outcomes against national standards.11 For
example, there have been multiple quality improvement efforts to reduce rates of
bloodstream infections in the NICU in which multicenter groups work collaboratively
to standardize and implement best practices identified through review of care at the
centers with the lowest reported rates of bloodstream infections.12–14
CER, on the other hand, can be thought of as research directed at identifying best
practices among the wide variation present in medical care. This is especially true
when there are multiple treatments or processes available to treat the same condition.
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In contrast to the quality improvement examples cited, a CER study on preventing
bloodstream infection would compare outcomes after use of differing handwashing
agents, types of catheters, or approaches to line placement, while using similar risk
adjustment measures that are used for benchmarking outcomes in quality reporting.11,15,16 For an outcome that is clearly positive or negative, such as line infection
rates, the goal of CER is to provide evidence that can be implemented to optimize outcomes, and not necessarily directed at standardizing practice.
For outcomes in which family or clinician preferences vary, or optimal treatments
differ by patient subgroup, a goal of CER is to provide enough evidence to allow clinicians and families to tailor their approach to achieve the outcomes that are best
for the patient. In neonatology, tailored approaches to care based on parent preferences are discussed most commonly in the context of resuscitation for extremely
preterm infants,17 but could be applied to other medical decision making as well.
For example, a NICU that allows more home nasogastric feedings, places gastrostomy tubes earlier, or prescribes home oxygen or apnea monitors more readily might
have a shorter length of stay, but this shorter length of stay is not necessarily preferable to a family with more limited home resources. This is the rationale behind
measuring a broad array of outcomes for any given intervention, as well as focusing
on outcomes that are directly interpretable to families.
STUDY DESIGNS FOR COMPARATIVE EFFECTIVENESS RESEARCH

Any traditional clinical study design can be used to answer research questions that
can be categorized as CER. Neonatal literature contains examples that highlight
CER principles across categories of study designs and data sources. This article highlights 3 major categories: Randomized controlled trials (RCT), systematic reviews of
existing literature, and observational studies. These examples are not meant as an
exhaustive review of the literature, but rather to highlight existing neonatal research
as examples of CER.
Randomized, Controlled Trials

RCTs are traditionally designed to evaluate the efficacy of therapies in a specific population of subjects, analyzing an intervention by comparing randomized groups to
receive either a treatment or a blinded placebo under standardized conditions.
RCTs are also used to determine effectiveness by comparing treatments or procedures. Successful randomization and blinding minimizes confounding, and is the
reason that RCTs are considered the gold standard of clinical research.
The media controversy after the SUPPORT trial makes it seem as though effectiveness trials in neonatology are new,18 but numerous neonatal RCTs are examples of
effectiveness trials. Although comparisons of oxygen saturation targets are the most
publicized recent clinical trials in this category,19–21 many other studies fit this description. Trials comparing modes of ventilation for preterm infants can be considered
comparative effectiveness trials, because there could be no ethical or practical
placebo group receiving no respiratory support. Examples include prophylactic intubation and surfactant versus nasal continuous positive airway pressure (NCPAP) at
resuscitation, or noninvasive ventilation comparisons, such as synchronized nasal
intermittent positive pressure ventilation versus NCPAP or high-flow nasal cannula
versus NCPAP.22–24 Even in evaluations of drug therapies, neonatal literature has
relevant examples, such as comparisons of bevacizumab versus laser therapy for retinopathy of prematurity,25 dopamine versus epinephrine for hypotension,26 and high
versus low amino acid levels in parenteral nutrition for extremely low birth weight
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infants.27 Developing new therapies and testing them against a placebo is obviously
crucial to major progress in care for critically ill infants; initial evaluations of surfactant
and antenatal steroids led to enormous improvements in neonatal mortality and
morbidity.28,29 However, effectiveness trials such as optimizing the timing and preparation of surfactant and antenatal steroids,30–32 and improving key components of
neonatal intensive care management such as ventilation, blood pressure, and nutritional support, are needed to continue the significant improvements in mortality and
morbidity seen since 2000.33,34
RCTs have limitations in the context of CER, which focuses on identifying the best
treatment of available options individualized to relevant subgroups. “Standardized
conditions” may have differing effects on the generalizability of trial results to a
broader population. A larger sample size is often required to power a study comparing
2 treatment outcomes than to compare a single treatment to placebo, which makes
enrollment more difficult. Inclusion criteria and the consent process may result in a
different set of baseline characteristics between the trial cohort and the general population. This was noted most recently during enrollment for the SUPPORT trial, which
noted differences between enrolled and nonenrolled patients by receipt of prenatal
antibiotics, antenatal steroids, delivery room interventions, and outcomes including
mortality, bronchopulmonary dysplasia (BPD) and severe intraventricular hemorrhage.35,36 As a result, interpreting the study findings of higher mortality in the lower
oxygen saturation target group has been difficult, because both groups had lower
mortality than nonenrolled patients.21,37,38 Measuring the effect of an intervention
versus a placebo may require changes to “standard care” by altering the timing of
the primary intervention and its associated care. Placebo effects may change the
outcome in either a treatment or a control group. The process of selecting measurable
outcome criteria with a limited sample size may or may not result in trial results that
reflect the key factors used by a clinician in weighing treatment options.39
One criticism of RCTs in CER is that enrolled patients may be a narrow group
without comorbidities. In neonatology, clinical trials often enroll patients in a stratified
fashion based on gestational age (for diseases of prematurity) rather than excluding
patients with comorbid conditions. Gestational age or birth weight groups are often
the clinically relevant subgroup analysis. This was demonstrated in initial comparisons
of prophylactic surfactant versus early NCPAP, which suggested that infants born at
earlier gestational ages treated with early NCPAP may have higher incidence of pneumothorax,40 which prompted more recent studies.24
Another potential limitation of RCTs for the purposes of CER is the site of care. Most
patients in RCTs are treated in academic medical centers, and may have different
baseline characteristics than patients treated in other settings. This may be less of
an issue in neonatology than in other areas of medicine, such as primary care,
because patients with high-risk conditions such as extreme prematurity or conditions
requiring mechanical ventilation or surgical intervention are concentrated in level III/IV
units. Because the enrollment criteria for many RCTs are based on gestational age, the
study populations in academic and nonacademic centers are often comparable.33,41
For patients with uncommon conditions requiring multiple subspecialty care, the
only (and therefore typical practice environment) is an academic center. Although
most RCTs are conducted at academic-affiliated centers, the Vermont Oxford
Network has conducted trials that enroll patients within private centers, such as comparisons of ventilatory and heat loss prevention strategies during resuscitation of
preterm infants.30,42 For patients who do not require level III care, it would be of interest to compare outcomes for infants treated in lower acuity centers to be able to
generalize results to the setting under which most of those infants are treated. As

Neonatal Comparative Effectiveness

with other fields of medicine, most lower acuity centers do not have the infrastructure
or the volume to support prospective clinical trials.
Systematic Review and Metaanalysis

Systematic reviews and metaanalyses are overlapping methods of evaluating existing
evidence. Systematic reviews use prespecified search methods to evaluate and
synthesize eligible studies on a specific clinical question. Metaanalysis refers to a
quantitative re-analysis of pooled data from individual studies.43 These techniques
allow results from multiple independent studies to be combined into a quantitative estimate of effect, such as combining results of multiple RCTs or epidemiologic studies.
Neonatology has a strong history of systematic review, beginning with the Oxford
Database of Perinatal Trials in the 1980s and continuing as the Cochrane Neonatal
Group.44,45 Numerous systematic reviews and metaanalyses are updated through
the Cochrane Neonatal Reviews, which serve different goals within the framework
of CER.46,47 Many analyze direct comparisons of alternative potentially standard therapies, such as dopamine versus dobutamine for hypotensive preterm infants.48 In
addition, the synthesis of multiple similar studies can increase power to detect a treatment effect when not all individual studies have found statistical significance. They are
advantageous in studying rare or adverse events, and can also highlight effects in relevant subgroups, which may be too small in single RCTs. The Cochrane review of
ibuprofen for the treatment of patent ductus arteriosus provides an example of several
of these advantages. Treatment with ibuprofen versus indomethacin showed equivalent effectiveness in patent ductus arteriosus closure, but less risk of necrotizing
enterocolitis in pooled estimates, although no single trial showed a significant difference.49 Although not strictly CER because it reviewed comparisons of an intervention
with placebo, a significant example of neonatal research metaanalysis showing subgroup benefits was in the use of antenatal corticosteroids for prevention of respiratory
distress syndrome. Crowley identified RDS reduction in infants less than 31 weeks by
metaanalysis, although outcomes from individual studies were not significant.50
Systematic reviews and metaanalyses can also report observational studies, although
this is less common owing to differences in study design that limit pooled estimates.51
Observational Study Design in Comparative Effectiveness Research

The recent funding availability for CER has resulted in increased attention to observational studies. This raises controversy because of bias limitations inherent in observational study design. One of the most common problems with nonrandomized studies
is the uneven distribution of unmeasured confounders. Another major issue is confounding by indication, meaning that the patients believed most likely to benefit
from a treatment are the ones most likely to receive it, which exaggerates the actual
treatment effect in the analysis. Time frames of the study cohort can present difficulties, with new entrants and attrition. Finally, practice and policy changes that occur
during data collection can affect analysis. The data source can affect applicability to
other settings, such as the characteristics of that population, local practice patterns,
and resource availability.52 Although quantitative methods to minimize the effect of
bias are beyond the scope of this paper, the Institute of Medicine has recommended
explicit attention to methodologic considerations of observational study design.1,53
Despite these limitations, observational studies provide a mechanism for answering
clinical questions for which RCTs are not feasible for a variety of reasons. Observational studies offer potential benefit for clinical questions in which the required sample
size would be prohibitive.54 This could include evaluations of adverse events, such as
comparing the effect of differing lengths of initial antibiotic therapy on subsequent
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development of necrotizing enterocolitis.55 Studies have found that confounding by
indication is less problematic for evaluating unanticipated harms than for evaluating
beneficial effects.47 The large number of patients available for observational studies
also facilitates studies of relatively rare diseases, such as the effect of antifungal
therapy in extremely low birth weight infants with invasive candidiasis.56 It can be useful in comparing the effects of similar therapies for which the sample size to detect
treatment differences may be prohibitive, such as comparing types of antenatal corticosteroids on subsequent hearing and neurodevelopmental impairment.57 Observational studies are also important when randomization is not feasible owing to ethical
considerations, or practical issues related to the study question at hand, such as
questions of treatment adherence or usage outside of trials, such as during evaluation
of total body cooling for hypoxic ischemic encephalopathy,58 or geographic or demographic effects on treatment results.54 Finally, observational studies, particularly those
using already existing data, are far less expensive and time consuming than RCTs. For
clinical questions where an RCT would be cost or time prohibitive, observational data
represent an alternative to expedite advancing the evidence basis for clinical decision
making.54
Data Sources for Observational Study Design

Observational studies can be conducted as a prospective cohort, as was done in
comparing antihypotensive therapies for extremely preterm infants.59 In this
example, an observational design was chosen over an RCT owing to lack of physician equipoise in treating hypotension, wide practice variability complicating identification of inclusion and exclusion criteria, and the potential for enrollment or
selection bias when enrolling a vulnerable patient population shortly after birth.35,59
More commonly, to obtain the sample size that confers an advantage to observational studies, they can be accomplished via secondary analysis of already collected
data. Data sources include disease registries, electronic health records data, and
administrative data.
Very low birth weight registries such as the National Institute of Child Health and
Human Development Neonatal Research Network and Vermont Oxford Network, or
disease registries such as the Extracorporeal Life Support Organization database
and the Congenital Diaphragmatic Hernia Study Group, are gathered via primary
data abstraction of prespecified data elements. Benefits to this approach include
trained abstractors, ongoing quality assurance regarding data collection, and discrete
coded variables that relate to the disease of interest. Limitations to this approach
include lack of granularity of the data fields, differences in definitions between data
sources, and differences in the way that detailed individual data (eg, serial laboratory
values) are aggregated into discrete variables. For example, the Vermont Oxford
Network collects information on an infant’s respiratory support at 36 weeks postmenstrual age. This type of data does then not allow comparison of therapies that
require the need to discriminate between the differences in respiratory requirements
that may be relevant only before or after this particular data point.
Following the US government meaningful use incentives for use of electronic health
records systems, chart review for clinical research is rapidly becoming a more viable
large-scale option.60 Secondary analyses of clinical data can be more easily facilitated
in single centers as well as in emerging collaborative arrangements.61 Detailed clinical
data are available, although accurate abstraction depends on consistency in documenting the start and resolution of illnesses, and limiting diagnostic variability between
centers for common illnesses such as apnea.62,63 In addition to difficulties inherent in
obtaining research data from a clinical chart, challenges to study design include
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identification of interventions and outcomes, a study population and follow-up interval,
and a plan for active versus passive data capture.64 One of the most established sources of secondary analysis using medical records data in neonatology comes from the
Pediatrix Medical Group, whose Clinical Data Warehouse automatically facilitates
export of de-identified, discrete data elements from patient charts.65 Several comparative effectiveness studies have come from this group, including comparisons of
adverse events after differing preparations of surfactant32 and different empiric antibiotic regimens.66
In many fields of medicine, administrative data taken from billing claims are
commonly used for CER. Compared with patient registry or electronic health record
data, these data sources are more likely to be limited by lack of completeness of
the listed diagnoses. Acute and particularly surgical conditions are more likely to be
coded appropriately. Neonatology, as in many other fields, has some discrepancies
between clinical diagnoses and coding terminology for common diseases, such as
bronchopulmonary dysplasia and respiratory distress syndrome, which limits the clinical detail needed to design CER studies.67 Public use data files, such the National
Inpatient Sample and its associated Kids Inpatient Database available from the
Agency for Healthcare Research and Quality, have similar limitations in diagnosis
availability because they are derived from billing data. However, billing files are a
potential source of post-NICU follow-up data on rehospitalizations or costs of outpatient care, which could provide useful outcome measures. Linked data sets that pair
the longitudinal data collection of billing data with the appropriate amount of neonatal
coding accuracy, such as the California Perinatal Quality Care Collaborative,68 the
Kaiser Permanente Neonatal Minimum Data Set,69 or the Children’s Hospitals Association Neonatal Database,63 could be used to conduct this type of research.
CHALLENGES IN NEONATAL COMPARATIVE EFFECTIVENESS RESEARCH
Comparing Treatment with Placebo: Efficacy Versus Effectiveness

Perhaps more commonly than in other clinical fields of medicine, for many diseases of
prematurity, a potential “standard of care” is observation without intervention. There
are no noted differences in mortality or morbidity whether a hypotensive extremely
low birth weight infant with reasonable end-organ perfusion receives a vasopressor
or clinical observation alone.59 Thus, in some circumstances, comparing an intervention with observation alone could be considered an effectiveness study. Historically,
some treatments that were adopted as standard practice without controlled trials,
such as bicarbonate for metabolic acidosis, turned out to be worse than placebo.70
Although there are other instances in medicine where observation alone is a viable
treatment option (early stage prostate cancer), very few other specialties see an individual patient grow 5- to 7-fold over the course of a single hospitalization, making
observation without intervention potentially a more relevant therapeutic option in
neonatology than in other fields.
Defining and Measuring Patient-Centered Outcomes

The Institute of Medicine has identified “patient-centered outcomes” as outcomes that
are directly relevant to stakeholders, rather than proxy measures. Depending on the
research question, a stakeholder could be a patient or parent, a practicing clinician,
or a health system administrator developing practice standards. In outlining standards
for patient-centered research, the Patient Centered Outcomes Research Institute
encourages providing information supporting the selection of outcomes as clinically
meaningful, such as input from patients and their families.
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Deciding which stakeholder’s perspective drives outcome selection makes a difference in study design. For example, leaders of a NICU wishing for their hospital to
compare favorably in outcomes reporting across the Vermont Oxford Network or their
multi-unit practice group may be interested in strategies to reduce their unit’s rate of
BPD. However, families may be less concerned about whether their infant requires
oxygen at 36 weeks’ postmenstrual age, versus whether their infant requires home oxygen at discharge or requires rehospitalization after leaving the NICU. When a reduction in a proximal morbidity such as BPD results in a better long-term health outcome,
all stakeholders are mutually satisfied. However, a recent publication from the SUPPORT trial highlights the fact that proximal and distal outcomes are not necessarily
equivalent: The study found no difference in the primary composite outcome of death
or bronchopulmonary dysplasia, but significant differences in more functional outcomes, such as wheezing.71 In this case, it seems straightforward for a clinician to
choose the treatment option that results in better patient outcomes. But functional
outcomes such as wheezing, or even health care utilization measures such as readmissions after NICU discharge, are more variably defined and reported than proximal
morbidities such as BPD.72 Obtaining consensus on best treatment strategies based
on patient-centered outcomes requires more effort in selecting and defining outcomes
that matter to a broader range of stakeholders.
In general, designing and powering studies that measure patient-centered
outcomes in neonatal CER will continue to be a challenge. RCTs are often powered
for a set of primary endpoints, such as death or BPD, and measure multiple secondary
endpoints, such as respiratory symptoms. Interpreting results of multiple secondary
outcomes is difficult when adjusting for multiple comparisons. Involving families
explicitly in study design could provide additional insights into selection of outcomes
from the multiple available options. In the United Kingdom, many health research
funding bodies require patient involvement in study design. Consumer involvement
has been reported in convincing funders of study relevance, developing clear and relevant study questions and outcomes, providing insights into patients’ views of trial
logistics, advising on recruitment, and developing patient information materials.73,74
Neonatal research has noted differences in parent and clinician perspectives about
neonatal treatments for extremely preterm infants and infants with trisomy 13 and
1875,76; differing perspectives are also likely present and insightful for decision making
that involves less life-and-death situations.
If the large sample size available for observational studies could facilitate evaluation
of multiple outcomes, it could be easier to evaluate enough patient-centered outcomes to appeal to multiple stakeholders. Currently, many observational data sources
lack discrete data on patient-centered outcomes besides mortality and length of stay.
Measuring symptoms such as pain and fatigue rather than laboratory values or definitions (BPD) presents unique issues in a very young pediatric population because
they require either clinician assessment or parent report, and there are no validated
multidomain quality of life measures for infants under 1 month of age. Two-year neurodevelopmental assessments are often used as proxy measures for long-term functioning, although the correlation between 2-year assessments and later functioning
is imperfect.77 There are many longitudinal studies of quality of life in survivors of preterm birth,78 but none have been used yet for CER. However, this could be an area for
future development in neonatal patient-centered outcomes research. Nurses already
record discrete pain scores, and therapists perform standardized motor assessments,
which are part of the health record and could be abstracted for observational
research.79 For infants older than 1 month of age there are validated tools for infants
and young children, as well as for caregivers related to their child’s illness.80,81 In adult
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populations with wider use of patient-reported outcome measures, such as the
National Institutes of Health-supported Patient-reported Outcomes Measurement
Information System (PROMIS) measures, there are increasing efforts to embed
patient-reported outcomes assessments into the electronic health record for clinical
and research purposes.82,83 There is a need for more work on defining key patientcentered measures for infants in the NICU and in postdischarge follow-up to help
focus efforts in neonatal CER.
SUMMARY

CER is a relatively new focus area that encompasses principles of clinical research
that to some extent have been present in neonatal research for some time. Identifying
best practices within the wide variation of NICU care can enable clinicians and quality
improvement efforts to either standardize care across groups, or tailor efforts to
specific patients that benefit from particular approaches. This increased emphasis
on evidence to direct decision making ties in well with neonatology’s already strong
efforts in quality improvement, systematic reviews, patient registries and multicenter
efforts. Many data sources exist with the potential to increase CER efforts within
neonatology. Future work is needed to define patient-centered outcomes to focus
prospective clinical studies, and embed appropriate tools within observational data
to facilitate analysis of patient-centered outcomes.
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