Research as a Standard of Care in PICU
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Objectives: Excellence in clinical care coupled with basic and
applied research reflects the maturation of a medical subspecialty,
advances that field, and provides objective data for identifying
best practices. PICUs are uniquely suited for conducting trans-
lational and clinical research. In addition, multiple investigations have
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reported that a majority of parents are interested in their children’s
participation in clinical research, even when the research offers no
direct benefit to their child. However, such activity may generate
ethical conflict with bedside care providers trying to acutely iden-
tify the best approach for an individual critically ill child. Ultimately,
this conflict may diminish enthusiasm for the generation of sci-
entific evidence that supports the application of evidence-based
medicine into PICU clinical standard work. Accordingly this review
endeavors to provide an overview of current state PICU clinical
research strengths, liabilities, opportunities, and barriers and con-
trast this with an established pediatric hematology-oncology itera-
tive research model that constitutes a learning healthcare system.
Data Sources, Data Exiraction, and Data Synthesis: Narrative
review of medical literature published in English.

Conclusions: Currently, most PICU therapy is not evidence based.
Developing a learning healthcare system in the PICU integrates
clinical research into usual practice and fosters a culture of evi-
dence-based learning and continual care improvement. As PICU
mortality has significantly decreased, identification and validation
of patient-centered, clinically relevant research outcome mea-
sures other than mortality is essential for future clinical trial design.
Because most pediatric critical illness may be classified as rare
diseases, participation in research networks will facilitate iterative,
collaborative, multiinstitutional investigations that over time iden-
tify the best practices to improve PICU outcomes. Despite real
ethical challenges, critically ill children and their families should
have the opportunity to participate in translational/clinical research
whenever feasible. (Pediatr Crit Care Med 2016; XX:00-00)
Key Words: clinical research; clinically meaningful outcomes;
equipoise; evidence-based medicine; iterative methodology;
learning healthcare system; research ethics

CURRENT AND IDEAL STATES

Although the need to investigate clinical practice to improve
outcomes of critically ill patients is widely recognized (1-3),
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current evidence supporting both preventive and therapeutic
interventions for pediatric critical care (PCC) remains sparse
(4). This state of affairs seems paradoxical, as nowhere else in
the hospital exists a more ideal environment for conduct of
clinical research than the PICU. Here, a dedicated, well-trained,
multidisciplinary care team is immediately available. In addi-
tion to the electronic medical record (EMR), extensive elec-
tronic physiological monitoring represents usual practice. A
variety of biosamples are readily collected in the PICU because
various invasive devices are routinely employed. Laboratory
and imaging studies, obtained for clinical decision making, are
also available for research.

Despite this plethora of investigational resources, research
in the PICU has not flourished as might be expected. In fact,
PICU research may be less likely because high clinical intensity
may leave less time for academic pursuit. Healthcare provid-
ers engaged in clinical research have described their struggle
to appropriately balance potentially conflicting responsibilities
associated with being a clinician versus a researcher (5-7). In
addition, the critical care provider’s personality may be more
inclined to action rather than deliberate investigation. With an
ever-imminent threat of clinical deterioration leading to death
or disability, there is need for urgent decision making in the
PICU. Thus, critical care providers may be reluctant to con-
template unfamiliar interventions related to a research proto-
col, with preference for more familiar clinical decision making
(8) as summarized in Figure 1.

Research activities in the PICU may be compared with those
in pediatric hematology/oncology or hematopoietic stem cell
transplantation units, where virtually every patient is enrolled in
one or more research protocols. This latter model encompasses
the definition of a “learning healthcare system,” where knowl-
edge generation is so embedded into usual medical practice
that it becomes a natural outgrowth of the health care delivery
process, fosters a culture of evidence-based learning, and facili-
tates continual care improvement (9). This review will examine
strengths, liabilities, opportunities, and barriers related to PICU
research particularly in relation to implementing a PICU learn-
ing healthcare system, where research becomes fully integrated
with clinical care. In the ideal state, every PICU patient benefits
directly or indirectly from research; every patient/family and all
PICU staff understand research as value-added work; and each

Clinical
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Clinical
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Pathophysiologic
Rationale

Experiential
Knowledge

Figure 1. Elements of clinical decision making (as discussed by Tonelli
et al [8]). Most decision making in pediatric critical care is currently not
related to evidence-based medicine derived from clinical research but
rather physiology and knowledge acquired during training and personal
experience.

2 www.pccmjournal.org

patient has the opportunity to participate in quality research.
Ultimately, such research informs clinical care and clinical
observations drive future research.

Probably, the most convincing example of alearning healthcare
system success is iterative randomized controlled trials (RCTs)
translating into gradually improved outcomes for children with
acute lymphocytic leukemia (ALL) (10). This approach reflects
the healthy tension that should exist between standardization and
creativity as schematically depicted in Figure 2. Standardization
represents the foundation for iterative improvement, and with-
out standardization, measurements in improvement are not
possible (11). In reality, standardization provides control for nui-
sance variables that adversely affect study’s signal-to-noise ratio
(12). Protocolized care itself may improve outcomes and reduce
costs (13, 14). Cancer research protocols have typically involved
current, standardized, best practice in both study arms (15), with
alteration of one or more treatment factors in the interventional
arm. This model embraces significant standardization of care for
both groups, with testing of a potentially beneficial novel compo-
nent within the treatment arm.

In 1950, ALL was generally fatal within 3 months. There
was a distrust of clinical trial protocols, characterized as “cook-
book medicine”, and pessimism and provincialism prevailed.
An iterative research process was revolutionary at this time
but simply reflected serial, small-step, trial-and-error experi-
ments not unlike contemporary continuous quality improve-
ment science, albeit without the rapid cycle change (16). Using
this methodology, long-term ALL survival increased to 90%
by 2006 (10). Development of clinical trial infrastructure sup-
ported the clinical research and gradually raised the standard
of care for all patients with cancer. Five-year event-free survival
for children with ALL now approaches 99% (17).

In fairness, remarkable decreases in mortality have also
been realized for major diagnoses treated in the PICU,
although the reasons for these improved outcomes are not so
readily discernible. Introduction of aggressive volume replace-
ment, early antimicrobial therapy, resuscitation guideline
implementation (18), and regionalization of care have been
responsible in part for the decline in pediatric sepsis mortality
from near 100% in the 1960s to approximately 10% currently
(19). This progress is schematically depicted in Supplemental
Figure 1 (Supplemental Digital Content 1, http://links.lww.
com/PCC/A194; legend, Supplemental Digital Content 7,

Creativity,
Discovery

Standard

<=
‘ Work

Figure 2. Balance of standardization and creativity in iterative research.

Without standardization, measurements in improvement are not possible.
Without creativity and discovery, standard work and associated outcomes
cannot improve.
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http://links.lww.com/PCC/A209). Over the past several years,
serial research based initially on whole-genome mRNA expres-
sion has substantially expanded the knowledge of pediatric sep-
sis (20-25). Similarly, there has been a decrease in mortality for
pediatric acute respiratory distress syndrome (26), as schemat-
ically summarized in Supplemental Figure 2 (Supplemental
Digital Content 2, http://linkslww.com/PCC/A195; legend,
Supplemental Digital Content 7, http://links.Ilww.com/PCC/
A209), and pediatric trauma (27). These important improve-
ments in outcomes after pediatric critical illness have likely
resulted from general advances in delivery of PCC but relative
to hematology-oncology are inadequately understood beyond
biological plausibility. As noted by Rivara et al (28), “the fact
that nearly every child in America with cancer is enrolled in a
study reflects both the rigor and the research training of aca-
demic members in the subspecialty and the marked improve-
ment in survival for many forms of childhood cancer.”

BARRIERS AND OPPORTUNITIES

Declining clinical revenues and paucity of funding for both
career development of young faculty and support for mid-
career faculty have threatened long-term viability of many
pediatric academic departments (29). Although the National
Institutes of Health (NIH) budget doubled between 1998
and 2003 and pediatric research funding increased 12.8%
annually, the proportion of the NIH total budget directed
toward pediatric research actually decreased over the same
interval (30). As fewer pediatric faculty members are iden-
tified as clinician-scientists and funding for junior faculty
development diminishes, such departments may exhibit
profound declines in academic productivity (31). With
inflation-adjusted dollars, the NIH budget has remained
“flat” and even decreased, over the past 10 years. The success
rate for RO1 equivalent funding has decreased from = 30% in
2000 to = 17% in 2013 (http://report.nih.gov/nihdatabook/
Charts/Default.aspx?chartid=202).

Despite these changes, the Eunice Kennedy Shriver National
Institute of Child Health and Human Development (NICHD)
has provided a research home to PCC researchers. Recognizing
the need for high-quality research in PCC and the need to
develop the next generation of researchers, the NICHD created
and currently supports the Collaborative Pediatric Critical
Care Research Network (CPCCRN) (http://cpccrn.org/), the
Pediatric Critical Care and Trauma Scientist Development
Program (PCCTSDP) (http://www.pccsdp.org/), and most
recently created the new Pediatric Trauma and Critical Illness
Branch within the NICHD (29). Creation of programs, such
as CPCCRN and PCCTSDP, demonstrates that the develop-
ment of research capacity as a prominent feature of PCC is
possible even when resources may be constrained.

Research is uniquely challenging in the PICU, as the envi-
ronment, patient condition, and trial design are typically
and simultaneously complex (32). Accepting the logistic,
financial, and ethical challenges to conducting RCTs that
enroll children (33-35), it is also important to acknowledge
the supportive nature of PCC. Generally, PCC is neither

Pediatric Critical Care Medicine

Online Clinical Investigation

curative nor preventive but is characterized by support for
threatened or actual organ dysfunction. With time, heal-
ing progresses and most children can be separated from
advanced life support and survive. Nevertheless, common
tools of the critical care provider include interventions that
are only feasible in the PICU and enhance the likelihood
or speed of organ recovery. However, such PCC support
strategies remain largely individualized according to patient
response, available resources, and personal practice style
and experience (8). Developing the scientific basis for prac-
tice techniques, strategies, execution, and timing remains
limited (18, 36).

As summarized in Table 1, substantial differences distin-
guish experimental care from standard practice using inno-
vative therapy outside of research (35). Here, innovative
therapy is defined as one that drifts into standard practice
with unproven effectiveness and unknown adverse effect
profile but is still undertaken in the presumed best interest
of the patient (37). A number of innovative therapies sub-
sequently evolved into standard practice without adequate
testing of safety and efficacy, and later, they were found to
cause harm (38). For example, significant animal data sug-
gested that therapeutic hypothermia was beneficial in trau-
matic brain injury, and this therapy was widely adapted
in the PICU. When pediatric RCTs were completed, this
adjunctive therapy was actually shown to provide no ben-
efit and potentially be harmful (39). Similarly, like our adult
counterparts, PCC providers were convinced of the efficacy
of activated protein C for pediatric septic shock, until the
RCT was actually conducted, which demonstrated no benefit
in hastening organ dysfunction resolution or reducing mor-
tality but twice the risk of intracranial hemorrhage among
the youngest subjects (40). Accordingly, innovative use of a
drug, device, or biologic may be more risky to patients than

TABLE 1. Itemized Standards for Research
Typically Absent in Innovative But Standard
Practice Care (35)

Competition for and review by a funding agency

—n

Requirement for adherence to federal regulations
Systematic literature review involved

Preclinical data typically available

Investigator credentials and experience reviewed
Informed parental permission/assent required
Institutional review board scrutiny

Data safety monitoring board for adverse events

Academic center environment

S © 0o N o o >~ W N

—

Abstract and article composition with peer review

—y
—n

Open discussions of results

N

Protocolized care with potential for improved care
for both placebo and intervention groups
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the same use in the context of an appropriately designed and
conducted clinical trial (41). It has been argued that the eth-
ics and regulatory requirements for clinical practice, qual-
ity improvement, and clinical research should be identical
(Supplemental Table 1, Supplemental Digital Content 3,
http://links.lww.com/PCC/A196) (42, 43).

Discussion of the barriers to research as a standard of
practice in PCC would be incomplete without alluding to
the potential harm for children. Although research in the
PICU is “conducted at the uncertain boundary between life
and death” (44), as noted above, usual care is often based on
pathophysiologic rationale and individual clinical experience
in the absence of scientific evidence (8). However, using an
open-label approach for management essentially means that
every patient treated is an undocumented experiment with
n =1, with no data accrued regarding either efficacy or safety.
For example, in the absence of evidence-based medicine but
with strong personal opinions, there persists a general lack
of consensus regarding indication, type, dosing, duration,
and weaning of adjunctive corticosteroids for septic shock
in children (45-47). Extrapolating information from studies
conducted in adults and generalizing to children may also be
dangerous (48, 49).

Opverall, the practice of PCC is not well supported with scientific
evidence (18, 36). Clinical research involving critically ill children
should be a healthcare priority because PICU care is expensive
and associated with high morbidity and mortality (50). If the rela-
tive safety and efficacy of complex PICU therapies are unknown,
PCC care providers have an ethical imperative to generate such
knowledge; without doing so, “practice as usual” remains empiric
and perhaps more hazardous than it needs to be. Balancing
these ethical imperatives in PCC clinical research is illustrated in
Supplemental Figure 3 (Supplemental Digital Content 4, http://
links.lww.com/PCC/A197; legend, Supplemental Digital Content
7, http://links.Iww.com/PCC/A209).

Several ethical requirements should be present for
clinical trials conducted in PICUs to move forward (51).
These study characteristics include: 1) important social
value, 2) scientific validity (rigorous reliable results and
adequate numbers), 3) fair subject selection, 4) favorable
risk/benefit ratio (minimizes risk and maximizes potential
benefit), 5) independent review, 6) informed consent, and
7) respect for subjects. Using these guidelines, pediatric
intensivists face two major problems in terms of including
their patients in clinical trials: identification of practical,
patient-centered, clinically meaningful primary outcome
measures and maintenance of relative equipoise regarding
the research question.

Identification of patient-centered, clinically meaningful
outcome measures that ideally do not require large-study
populations is essential to the future success of PICU clini-
cal research (52). An outcome measure must be accurately
determined, easy to record, responsive to change, demon-
strate a causal relationship with the disease process under
the study (biological plausibility), and must be clinically
relevant to patients, family, and providers. Surrogate
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outcomes must have valid relationships with clinically
meaningful measures and probably should only be used
in phase 2 screening trials (53). Relatively, few RCTs con-
ducted in the ICU setting, using mortality as a primary
outcome measure, have shown a beneficial impact of the
experimental intervention. Accordingly, there has been an
evolving consensus to identify primary endpoints other
than crude differences in all-cause mortality (54). In this
regard, various measures of long-term health-related qual-
ity of life seem promising (55).

It has been argued that the critical aspect of equipoise is
related to the lack of agreement within a relevant clinical or
scientific community (56). However, when an unstable child
is spiraling toward death or disability, individual physician
uncertainty is more likely to be colored by bias based on per-
sonal anecdote and experience (57, 58). In a survey of 415
pediatric intensivists, 88% believed that RCTs are the most
scientifically appropriate study design for assessing new
therapies for critically ill children. However, 90% reported
that they had experienced ethical conflict within this experi-
mental design, and 84% indicated that published data from
uncontrolled trials could bias them toward the use of an
investigational (unproven) therapy (59). Accordingly, indi-
vidual physician equipoise may be ephemeral in PICUs, and
RCTs involving life-sustaining therapies for children may be
biased and protocol adherence violated. For success of an
interventional trial, both the medical community and indi-
vidual physicians must possess equipoise for the research
question (60).

APPROACH

Conduct of clinical trials differs fundamentally between
adults and children (61): 1) physiology and biochemistry
of children differ from that of adults; 2) disease processes
in childhood differ from those of adults; and 3) pediatric
diseases and treatments need to account for a child’s growth
and development.

Single-center trials continue to predominate PCC research
as they are logistically easier to conduct, less expensive, do not
typically require prolonged negotiation for study design or
funding, use simplified data collection tools, enroll a less het-
erogeneous population, permit better planning for definitive
trials, and are useful for hypothesis generation (62). Problems
with single-center trials frequently include limited external
validity, implausible hypothesized effect size, actual or unin-
tended bias, possible lack of blinding, loss of equipoise for
definitive trials, and unwarranted evolution into “standard
of care” (62, 63). However, launching large, multicenter trials
without performing pilot, single-center trials would be fool-
hardy and wasteful.

Before the conduct of a formal RCT, pre-RCT investigations
are almost always beneficial for refining various aspects of the
research design. This approach typically involves descriptive,
epidemiologic, and observational studies (64). Systematic
reviews and metaanalyses provide key RCT epidemiologic data,
including prevalence and risk factors (65, 66). Scenario-based
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questionnaires can identify practice variability and establish
whether community and individual equipoise for the research
question exists (47). Supporting observational/descriptive
trials preceding the RCT may include studies examining pop-
ulation demographics, description of the healthcare burden,
temporal changes, questions regarding efficacy versus effec-
tiveness, and evaluation of potential outcome measures. Such
studies will facilitate consensus development and identify
research collaborations (67). For single-institutional studies,
clinical databases derived from the EMR will be a good source
for pilot data (68). Larger epidemiologic studies using larger
databases can expand preclinical trial information beyond a
single institution (69, 70). Pilot studies before the RCT can
evaluate enrollment and protocol feasibility and logistics.
The “programmatic research” approach of the Canadian
Clinical Trials Group, summarized in Supplemental Table 2
(Supplemental Digital Content 5, http://links.lww.com/PCC/
A198), provides a useful context for considering a variety
of research methodologies that facilitate the success of an
RCT (71).

Traditionally, the prospective, double-blind, randomized
placebo-controlled trial has represented the gold standard for
clinical trial design (62, 72), and some have advocated that
“whenever practical, the RCT should remain the foundation
for evidence-based practice” (73). Given the history of criti-
cal care evidence-based medicine, it has been argued that at
least two beneficial RCTs are necessary with at least one being a
confirmatory trial (74). Suggestions have been offered for suc-
cessful conduct of RCTs in the critical care setting (32), where
implementation is frequently difficult (75). As discussed above,
if some clinicians view assignment of their patients to a pla-
cebo arm as a potential threat, individual physician equipoise
will need to be reexamined and established to assure success
of a trial.

Using a “scoping” methodology, Duffett et al (72) recently
performed a comprehensive state-of-the-art review of PCC
RCTs. They analyzed publications emanating from 248 RCTs,
from 31 countries, conducted over the interval 1986-2013.
Most RCTs were single center (82%), with a majority con-
ducted in North America and Western Europe. Most tri-
als enrolled small sample numbers, examined medications
(63%), and employed intermediate or surrogate outcome
measures, although primary outcome measures were identifi-
able in only 67%. Low risk of bias was determined for only
11% of RCTs, and 57% of studies did not report a planned
sample size. The authors concluded a need for more rigor-
ous RCT methodology, use of appropriate outcome measures,
and improvement in the quality of reporting. In addition, the
authors established a valuable clinical trial resource, namely
an online database of PCC RCTs that is updated quarterly
(http://epicc.mcmaster.ca/).

According to the Institute of Medicine, the purpose of com-
parative effectiveness research (CER) is to assist consumers,
clinicians, purchasers, and policymakers in making informed
decisions that will improve healthcare at both the individual
and population levels (76). A key aspect of clinical investigation
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for many years, CER includes many research designs including
RCTs, and has recently been in vogue because of CER-specific
federal funding (77). In the United States, the Patient-Centered
Outcomes Research Institute (http://www.pcori.org/) has been
instrumental in promoting CER. Globally, the International
Initiative for Traumatic Brain Injury Research, an international
multidisciplinary collaborative, will focus on CER methodol-
ogy to rapidly improve clinical practice for traumatic brain
injury for both adults and children. This initiative is sup-
ported by the European Commission, NIH, and the Canadian
Institutes of Health Research (78).

Although RCTs emphasizing strict protocol adherence
are essential for demonstrating the efficacy of a particular
approach, they may not address effectiveness in more general-
ized practice settings (79). On the other hand, observational
studies are recognized as being inherently limited by indication
bias and effects of unmeasured confounding variables (80).
An evidence-based medicine approach to patient-oriented
research needs to recognize both the strengths and limitations
of RCTs, as well as observational studies (81).

The key role of individual clinical research performance
sites, where the actual work of clinical research happens, has
been relatively underappreciated. Competing agendas, includ-
ing conflict of commitment, financial pressure, regulatory
burdens, risk aversion, and multiple research priorities, stress
the local research mission and infrastructure (82). Strategies to
address these clinical research impediments include 1) insti-
tuting a process of clinical research improvement methodol-
ogy; 2) responding to the actual needs of site-based research;
3) identifying clinical research as a key mission of the institu-
tion; 4) establishing a clear process for reviewing and assigning
research priorities; and 5) improving local public understand-
ing of the role of clinical research.

For research in the PICU, the role of families as surrogate
decision makers takes on even greater meaning. At a time,
when high anxiety compromises understanding, families
appreciate the process of shared decision making (83). Trust in
the medical and research teams is fundamental to why families
agree to participate in research (83—85). When family values,
preferences, and perspectives are understood by researchers
(86, 87), most families will cite altruism in allowing their chil-
dren to participate in research (85, 88, 89), even in the absence
of potential direct benefit (90).

Because most diseases encountered in PICUs can be viewed
as rare diseases (91), many clinical trials are challenged by the
need to recruit large numbers of subjects to ensure adequate
power. Organized research networks facilitate enrollment of
subjects and enhance collaboration and organization among
investigators. Characteristics of successful multicenter clini-
cal research include a cohesive spirit, sense of mission, and
the importance of organizational goals rather than individ-
ual priorities. For grass-roots research networks, good ideas
may be more important initially than funding (1). Research
networks that have included PCC research are summarized
in Supplemental Table 3 (Supplemental Digital Content 6,
http://links.lww.com/PCC/A199).
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The “Pediatric Rule,” first legislated in 1997 through the
Food and Drug Administration Modernization Act, was
adapted to become the Best Pharmaceuticals for Children
Act (BPCA) (http://www.fda.gov/AboutFDA/WhatWeDo/
History/Milestones/ucm128305.htm). The BPCA pro-
vides an incentive to pharmaceutical companies to con-
duct pediatric studies (at the request of the Food and Drug
Administration) by providing an additional 6 months of pat-
ent exclusivity (92). Whereas BPCA offers a “carrot” to the
drug and device industry by extending patent protection, the
Pediatric Research Equity Act essentially legislates penalties
for not performing pharmaceutical research studies in chil-
dren, where indicated. BPCA was established to enhance the
likelihood that children would be given proven, innovative
therapy without untoward outcomes. Recently, BPCA has
expanded its mission to consider not only priority drugs in
need of evidence-based medicine for children but also com-
mon childhood conditions with significant pharmaceutical
knowledge gaps (93). Details of similar international legisla-
tive directives to encourage pediatric pharmacology research
have been discussed in detail (94). Conduct of the Clopidogrel
to Lower Arterial Thrombolytic Risk in Neonates and Infants
Trial that enrolled over 900 infants from 134 countries repre-
sents one tribute to the power of international government-
pediatric medicine collaboration to hasten identification of
the best practices in the PICU (95).

Increasingly, the pharmaceutical and device industry funds
the large, expensive, definitive assessment, phase 3 efficacy tri-
als. However, because of commercial motives, actual or poten-
tial bias represents a significant integrity risk for such studies
(96). Site investigators can maximize the benefit of industry
collaboration in clinical research by insisting on the key prin-
ciples summarized in Table 2 (97).

Opver the interval 1985-2005, 1,347 RCTs enrolled critically
ill adults when compared with 157 RCTs that enrolled criti-
cally ill children (98). In a commentary to these findings, four
suggestions were offered (28): 1) improve the rigor of research

TABLE 2. Requirements for Industry-Sponsored
Research (97)

1 Performance site investigators are involved in the
study design

2 Results of the study are published regardless of the
outcomes

3 An independent data safety monitoring board with
an independent statistician is used

4 Poststudy access to the database and biorepository
is assured

5 Site investigators are involved in composing articles,
abstracts, and other presentations

6 All investigators report their potential conflicts of
interest

7 Clinically meaningful study endpoints are used as

primary specific aims
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training during fellowship training; 2) expand T32 training
programs in child health research; 3) embrace RCTs as a key
tool for improving quality of care, cost effectiveness, and CER;
and 4) involve clinician-educators working alongside physi-
clan-scientists to conduct RCTs (28).

The last suggestion may be especially important in terms of
expanding research in the PICU. As one method for enhancing
a PICU iterative research model and encouraging development
of a learning healthcare system in the PICU, critical care pro-
viders might consider implementing a novel quality measure:

ZPICU subject clinical trial days
X

100
ZPICU patient days

RCT performance monitoring tools (e.g., schedule perfor-
mance index, cost performance index, protocol compliance
rates, and safety risk scores) should also be implemented at
the outset to maximize the return-on-investment from PCC
research (99-102). Ideally, PICU-based research would focus
on interventions that are both “quality improving” and “cost
lowering” (103). Such activity should also include efforts to
expand the type, scope, and enrollment in PCC research (104).

CONCLUSIONS

Research as a pathway to the truth can be time consuming,
difficult, and expensive. Challenges to conducting high-qual-
ity research in critically ill children are significant, but such
barriers can be overcome (105). With these challenges also
exist tremendous opportunities given the PICU environment
(106, 107). Hematologists/oncologists developed a culture of
a learning healthcare system for their patients because they
realized that this was essential for improving outcomes. This
article has emphasized the concept of the iterative research
model, the obligation of inviting patient/family participation
in PICU research, the value of research networks in facilitat-
ing multiinstitutional PCC studies, and the importance of all
critical care providers in supporting the goals of evidence-
based medicine by maintaining equipoise on important
research questions. If every PICU admission is considered as
a potential opportunity for clinical trial enrollment, iterative
improvements in PICU care delivery and patient-centered
outcomes will follow.

REFERENCES

1. Cook D, Brower R, Cooper J, et al: Multicenter clinical research in
adult critical care. Crit Care Med 2002; 30:1636-1643

2. Juni P, Altman DG, Egger M: Systematic reviews in health care:
Assessing the quality of controlled clinical trials. BMJ 2001;
323:42-46

3. Cook DJ, Sibbald WJ, Vincent JL, et al: Evidence based critical
care medicine; What is it and what can it do for us? Evidence
Based Medicine in Critical Care Group. Crit Care Med 1996;
24:334-337

4. Zijlstra JG, Ligtenberg JJ, Girbes AR: Randomized controlled trials in
critical care medicine. JAMA 2008; 300:43; author reply 43-44

5. Davis AM, Hull SC, Grady C, et al: The invisible hand in clinical
research: The study coordinator’s critical role in human subjects pro-
tection. J Law Med Ethics 2002; 30:411-419

XXX 2016 ¢ Volume XX ¢ Number XXX

Copyright © 2016 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.

Unauthorized reproduction of this article is prohibited


http://www.fda.gov/AboutFDA/WhatWeDo/History/Milestones/ucm128305.htm
http://www.fda.gov/AboutFDA/WhatWeDo/History/Milestones/ucm128305.htm

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

. Bernstein M: Conflict of interest: It is ethical for an investigator to

also be the primary care-giver in a clinical trial. J Neurooncol 2003;
63:107-108

. Yanos PT, Ziedonis DM: The patient-oriented clinician-researcher:

Advantages and challenges of being a double agent. Psychiatr Serv
2006; 57:249-253

. Tonelli MR, Curtis JR, Guntupalli KK, et al; ACCP/ATS/SCCM

Working Group: An official multi-society statement: The role of clinical
research results in the practice of critical care medicine. Am J Respir
Crit Care Med 2012; 185:1117-1124

. Olsen LA, Aisner D, McGuinnis JM (Eds): The Learning Healthcare

System: Workshop Summary. Institute of Medicine (US) Roundtable
on Evidence-Based Medicine. Washington, DC, National Academies
Press, 2007

. Simone JV: History of the treatment of childhood ALL: A paradigm for

cancer cure. Best Pract Res Clin Haematol 2006; 19:353-359

. Liker JK, Meier D (Eds): The Toyota Way Field Book. Chapter 6.

Establish Standardized Processes and Procedures. New York,
McGraw-Hill, 2006, pp 111-144

. Morris AH: Developing and implementing computerized protocols

for standardization of clinical decisions. Ann Intern Med 2000;
132:373-383

. Holcomb BW, Wheeler AP, Ely EW: New ways to reduce unneces-

sary variation and improve outcomes in the intensive care unit. Curr
Opin Crit Care 2001; 7:304-311

. Kern H, Kox WJ: Impact of standard procedures and clinical stan-

dards on cost-effectiveness and intensive care unit performance
in adult patients after cardiac surgery. Intensive Care Med 1999;
25:1367-1373

. Ware JH, Hamel MB: Pragmatic trials—Guides to better patient care?

N Engl J Med 2011; 364:1685-1687

. Basu R: Implementing Quality: A Practical Guide to Tools and

Techniques. Chapter 4. The PDCA Cycle. London, Thompson
Learning, 2004, pp 133-134

. Smith MA, Seibel NL, Altekruse SF, et al: Outcomes for children and

adolescents with cancer: Challenges for the twenty-first century. J
Clin Oncol 2010; 28:2625-2634

. Brierley J, Carcillo JA, Choong K, et al: Clinical practice parameters

for hemodynamic support of pediatric and neonatal septic shock:
2007 update from the American College of Critical Care Medicine.
Crit Care Med 2009; 37:666-688

. Carcillo JA. Pediatric septic shock and multiple organ failure. Crit

Care Clin 2003; 19:413-440, viii

Wong HR, Cvijanovich N, Lin R, et al: Identification of pediatric septic
shock subclasses based on genome-wide expression profiling. BMC
Med 2009; 7:34

Wong HR, Cvijanovich N, Allen GL, et al: Genomic expression
profiling across the pediatric systemic inflammatory response syn-
drome, sepsis, and septic shock spectrum. Crit Care Med 2009;
37:1558-1566

Mickiewicz B, Vogel HJ, Wong HR, et al: Metabolomics as a novel
approach for early diagnosis of pediatric septic shock and its mortal-
ity. Am J Respir Crit Care Med 2013; 187:967-976

Wong HR, Cvijanovich NZ, Allen GL, et al: Corticosteroids are asso-
ciated with repression of adaptive immunity gene programs in pediat-
ric septic shock. Am J Respir Crit Care Med 2014; 189:940-946
Wong HR, Salisbury S, Xiao Q, et al: The pediatric sepsis biomarker
risk model. Crit Care 2012; 16:R174

Wong HR, Cvijanovich NZ, et al: Developing a clinically feasible per-
sonalized medicine approach to pediatric septic shock. Am J Respir
Crit Care Med 2015; 191:309-315

Zimmerman JJ, Akhtar SR, Caldwell E, et al: Incidence and outcomes
of pediatric acute lung injury. Pediatrics 2009; 124:87-95

Krug SE, Tuggle DW. Management of pediatric trauma. Pediatrics
2008; 121:849-854

Rivara FP, Alexander D: Randomized controlled trials and pediatric
research. Arch Pediatr Adolesc Med 2010; 164:296-297

Rivkees SA, Genel M; Association of Medical School Pediatric
Department Chairs, Inc: American pediatric academia: The looming
question. J Pediatr 2007; 151:223-224

Pediatric Critical Care Medicine

Copyright © 2016 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.
49.

Online Clinical Investigation

Gitterman DP, Greenwood RS, Kocis KC, et al: Did a rising tide lift all
boats? The NIH budget and pediatric research portfolio. Health Aff
(Millwood) 2004; 23:113-124

Kahn JA, Degen SJ, Mansour ME, et al: Pediatric faculty members’
attitudes about part-time faculty positions and policies to support
part-time faculty: A study at one medical center. Acad Med 2005;
80:931-939

Chiche JD, Angus DC: Testing protocols in the intensive care unit:
Complex trials of complex interventions for complex patients. JAMA
2008; 299:693-695

Randolph AG, Lacroix J: Randomized clinical trials in pediatric critical
care: Rarely done but desperately needed. Pediatr Crit Care Med
2002; 3:102-106

Morales-Olivas FJ, Morales-Carpi C: Clinical trials in children. Rev
Recent Clin Trials 2006; 1:251-258

Fost N: Ethical dilemmas in medical innovation and research:
Distinguishing experimentation from practice. Semin Perinato/ 1998;
22:223-232

Kochanek PM, Carney N, Adelson PD, et al; American Academy of
Pediatrics-Section on Neurological Surgery; American Association
of Neurological Surgeons/Congress of Neurological Surgeons;
Child Neurology Society; European Society of Pediatric and
Neonatal Intensive Care; Neurocritical Care Society; Pediatric
Neurocritical Care Research Group; Society of Critical Care
Medicine; Paediatric Intensive Care Society UK; Society for
Neuroscience in Anesthesiology and Critical Care; World
Federation of Pediatric Intensive and Critical Care Societies:
Guidelines for the acute medical management of severe traumatic
brain injury in infants, children, and adolescents—Second edition.
Pediatr Crit Care Med 2012; 13:5S1-S82

Eyadhy AA, Razack S: The ethics of using innovative therapies in the
care of children. Paediatr Child Health 2008; 13:181-184

Silverman WA: Overtreatment of neonates? A personal retrospective.
Pediatrics 1992; 90:971-976

Hutchison JS, Ward RE, Lacroix J, et al; Hypothermia Pediatric Head
Injury Trial Investigators and the Canadian Critical Care Trials Group:
Hypothermia therapy after traumatic brain injury in children. N Engl J
Med 2008; 358:2447-2456

Nadel S, Goldstein B, Williams MD, et al; REsearching severe Sepsis
and Organ dysfunction in children: A gLobal perspective (RESOLVE)
Study Group: Drotrecogin alfa (activated) in children with severe sep-
sis: A multicentre phase Il randomised controlled trial. Lancet 2007,
369:836-843

Nelson RM: Challenges in the conduct of emergency research in chil-
dren: A workshop report. Am J Bioeth 2006; 6:W1-W9

Wootton SH, Evans PW, Tyson JE: Unproven therapies in clinical
research and practice: The necessity to change the regulatory para-
digm. Pediatrics 2013; 132:5699-601

Kass NE, Faden RR, Goodman SN, et al: The research-treatment
distinction: A problematic approach for determining which activi-
ties should have ethical oversight. Hastings Cent Rep 2013; Spec
No:S4-S15

Koski G: Ethics, science, and oversight of critical care research: The
Office for Human Research Protections. Am J Respir Crit Care Med
2004; 169:982-986

Czaja A, Zimmeman J. Endpoints/treatment algorithms for RCTs of
steroids in pediatric sepsis. Crit Care Med 2004; 32:A127 (Abstract
458)

Hildebrandt T, Mansour M, Al Samsam R: The use of steroids in
children with septicemia: Review of the literature and assessment
of current practice in PICUs in the UK. Paediatr Anaesth 2005;
15:358-365

Menon K, McNally JD, Choong K, et al: A survey of stated physician
practices and beliefs on the use of steroids in pediatric fluid and/or
vasoactive infusion-dependent shock. Pediatr Crit Care Med 2013;
14:462-466

Burns JP: Research in children. Crit Care Med 2003;31:S131-S136
Khemani RG, Newth CJ: The design of future pediatric mechanical
ventilation trials for acute lung injury. Am J Respir Crit Care Med
2010; 182:1465-1474

www.pccmjournal.org 7

Unauthorized reproduction of this article is prohibited



Zimmerman et al

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67

68.

69.

70.

71.

72.

73.

74.

8

Copyright © 2016 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.

Coopersmith CM, Wunsch H, Fink MP, et al: A comparison of critical
care research funding and the financial burden of critical illness in the
United States. Crit Care Med 2012; 40:1072-1079

Emanuel EJ, Wendler D, Grady C: What makes clinical research ethi-
cal? JAMA 2000; 283:2701-2711

Pearson GA: Mathematical morbidity in paediatric intensive care.
Lancet 2003; 362:180-181

Fleming TR, DeMets DL: Surrogate end points in clinical trials: Are we
being misled? Ann Intern Med 1996; 125:605-613

Curley MA, Zimmerman JJ: Alternative outcome measures for
pediatric clinical sepsis trials. Pediatr Crit Care Med 2005;
6:5S150-S156

Varni JW, Limbers CA, Burwinkle TM: Parent proxy-report of their
children’s health-related quality of life: An analysis of 13,878 parents’
reliability and validity across age subgroups using the PedsQL 4.0
Generic Core Scales. Health Qual Life Outcomes 2007; 5:2

Freedman B: Equipoise and the ethics of clinical research. N Engl J
Med 1987; 317:141-145

Giluk T, Rynes-Weller SL: Research Findings Practitioners Resist. /n:
The Oxford Handbook of Evidence-Based Management. Rousseau
DM (Ed). Chapter 8, Oxford, Oxford University Press, 2012, pp
130-164

Holubkov R, Dean JM, Berger J, et al; Eunice Kennedy Shriver National
Institute of Child Health and Human Development Collaborative Pediatric
Ciritical Care Research Network: Is “rescue” therapy ethical in random-
ized controlled trials? Pediatr Crit Care Med 2009; 10:431-438

Morris AD, Zaritsky AL, LeFever G: Evaluation of ethical conflicts
associated with randomized, controlled trials in critically ill children.
Crit Care Med 2000; 28:1152-1156

Donovan JL, de Salis |, Toerien M, et al: The intellectual challenges
and emotional consequences of equipoise contributed to the fragility
of recruitment in six randomized controlled trials. J Clin Epidemiol
2014; 67:912-920

Macrae D: Conducting clinical trials in pediatrics. Crit Care Med
2009; 37:S136-S139

Bellomo R, Warrillow SJ, Reade MC: Why we should be wary of sin-
gle-center trials. Crit Care Med 2009; 37:3114-3119

Arnold DM, Burns KE, Adhikari NK, et al; McMaster Critical Care
Interest Group: The design and interpretation of pilot trials in clinical
research in critical care. Crit Care Med 2009; 37:S69-S74

Cook D, Heyland D, Marshall J; Canadian Critical Care Trials Group:
On the need for observational studies to design and interpret random-
ized trials in ICU patients: A case study in stress ulcer prophylaxis.
Intensive Care Med 2001; 27:347-354

Cook DJ, Sackett DL, Spitzer WO: Methodologic guidelines for system-
atic reviews of randomized control trials in health care from the Potsdam
Consultation on Meta-Analysis. J Clin Epidemiol 1995; 48:167-171
Chalmers |: Academia’s failure to support systematic reviews. Lancet
2005; 365:469

Vella K, Goldfrad C, Rowan K, et al: Use of consensus development
to establish national research priorities in critical care. BMJ 2000;
320:976-980

Kahn MG: Three perspectives on integrated clinical databases. Acad
Med 1997; 72:281-286

Martin G: Epidemiology studies in critical care. Crit Care 2006;
10:136

Bennett TD, Spaeder MC, Matos R, et al; Pediatric Acute Lung Injury
and Sepsis Investigators (PALISI): Existing data analysis in pediatric
critical care research. Front Pediatr 2014; 2:79

Marshall JC, Cook DJ; Canadian Critical Care Trials Group:
Investigator-led clinical research consortia: The Canadian Critical
Care Trials Group. Crit Care Med 2009; 37:S165-S172

Duffett M, Choong K, Hartling L, et al: Randomized controlled trials in
pediatric critical care: A scoping review. Crit Care 2013; 17:R256
Reade MC, Angus DC: The clinical research enterprise in critical
care: What's right, what's wrong, and what's ahead? Crit Care Med
2009; 37:S1-S9

Sweeney DA, Danner RL, Eichacker PQ, et al: Once is not enough:
Clinical trials in sepsis. Intensive Care Med 2008; 34:1955-1960

www.pccmijournal.org

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Hébert PC, Cook DJ, Wells G, et al: The design of randomized clinical
trials in critically ill patients. Chest 2002; 121:1290-1300

Sox HC, Greenfield S: Comparative effectiveness research:
A report from the Institute of Medicine. Ann Intern Med 2009;
151:2083-205

Keren R, Luan X, Localio R, et al; Pediatric Research in Inpatient
Settings (PRIS) Network: Prioritization of comparative effectiveness
research topics in hospital pediatrics. Arch Pediatr Adolesc Med
2012; 166:1155-1164

The changing landscape of traumatic brain injury research. Lancet
Neurol 2012; 11:651

Albert RK: “Lies, damned lies” and observational studies in com-
parative effectiveness research. Am J Respir Crit Care Med 20183;
187:1173-1177

Bosco JL, Silliman RA, Thwin SS, et al: A most stubborn bias: No
adjustment method fully resolves confounding by indication in obser-
vational studies. J Clin Epidemiol 2010; 63:64-74

Concato J: Study design and “evidence” in patient-oriented research.
Am J Respir Crit Care Med 2013; 187:1167-1172

Califf RM: Clinical research sites—The underappreciated component
of the clinical research system. JAMA 2009; 302:2025-2027

Azoulay E, Chaize M, Kentish-Barnes N: Involvement of ICU families
in decisions: Fine-tuning the partnership. Ann Intensive Care 2014;
4:37

Peay HL, Tibben A, Fisher T, et al. Expectations and experiences of
investigators and parents involved in a clinical trial for Duchenne/
Becker muscular dystrophy. Clinical Trials 2014; 11:77-85

Hoberman A, Shaikh N, Bhatnagar S, et al: Factors that influence
parental decisions to participate in clinical research: Consenters vs
nonconsenters. JAMA Pediatr 2013; 167:561-566

Tabor HK, Brazg T, Crouch J, et al: Parent perspectives on pediat-
ric genetic research and implications for genotype-driven research
recruitment. J Empir Res Hum Res Ethics 2011; 6:41-52

October TW, Fisher KR, Feudtner C, et al: The parent perspective:
“Being a good parent” when making critical decisions in the PICU.
Pediatr Crit Care Med 2014; 15:291-298

Mehta S, Quittnat Pelletier F, Brown M, et al: Why substitute decision
makers provide or decline consent for ICU research studies: A ques-
tionnaire study. Intensive Care Med 2012; 38:47-54

Burstein MD, Robinson JO, Hilsenbeck SG, et al: Pediatric data
sharing in genomic research: Attitudes and preferences of parents.
Pediatrics 2014; 133:690-697

Wendler D, Abdoler E, Wiener L, et al: Views of adolescents and
parents on pediatric research without the potential for clinical benefit.
Pediatrics 2012; 130:692-699

Sung NS, Crowley WF Jr, Genel M, et al: Central challenges
facing the national clinical research enterprise. JAMA 2003;
289:1278-1287

Field MF, Boat TF; Institute of Medicine (IOM): Safe and Effective
Medicines for Children: Pediatric Studies Conducted Under the Best
Pharmaceuticals for Children Act (BPCA) and the Pediatric Research
Equity Act (PREA). Washington DC, National Academies Press,
2012

Kington R. List of drugs for which pediatric studies are needed. Fed
Regist 2007; 72:14588-14589

Mulberg AE, Murphy D, Dunne J, et al. Pediatric Drug Development.
Concepts and Applications. Second Edition, Chapters 14-17,
Hoboken, NJ, Wiley Blackwell, 2013

Wessel DL, Berger F, Li JS, et al; CLARINET Investigators:
Clopidogrel in infants with systemic-to-pulmonary-artery shunts.
N Engl J Med 2013; 368:2377-2384

Molenberghs G, Imrey P, Drake C: Conflicts of interest and inde-
pendent data analysis in industry-funded studies. JAMA 2005;
294:2575-2576

Abraham E: Better infrastructure: Industry-academia partnerships—A
marriage of convenience? Crit Care Med 2009; 37:S159-S164
Cohen E, Goldman RD, Ragone A, et al: Child vs adult randomized
controlled trials in specialist journals: A citation analysis of trends,
1985-2005. Arch Pediatr Adolesc Med 2010; 164:283-288

XXX 2016 ¢ Volume XX ¢ Number XXX

Unauthorized reproduction of this article is prohibited



99.

100.

101.

102.

108.

Califf RM, DeMets DL: Principles from clinical trials relevant to clini-
cal practice: Part |. Circulation 2002; 106:1015-1021

DeMets DL, Califf RM: Lessons learned from recent cardiovascular
clinical trials: Part |. Circulation 2002; 106:746-751

Carter RE, Sonne SC, Brady KT: Practical considerations for esti-
mating clinical trial accrual periods: Application to a multi-center
effectiveness study. BMC Med Res Methodol 2005; 5:11
Eisenstein EL, Lemons PW 2nd, Tardiff BE, et al: Reducing the costs of
phase lll cardiovascular clinical trials. Am Heart J2005; 149:482-488
Emanuel EJ: The future of biomedical research. JAMA 2013;
309:15689-1590

Pediatric Critical Care Medicine

104.

105.

106.

107

Online Clinical Investigation

Randolph AG: The unique challenges of enrolling patients into mul-
tiple clinical trials. Crit Care Med 2009; 37:S107-S111

Nicholson CE, Gans BM, Chang AC, et al: Pediatric critical care
medicine: Planning for our research future. Pediatr Crit Care Med
20083; 4:196-202

Lands LC, Allen J, Cloutier M, et al; Pediatric Assembly of American
Thoracic Society Subcommittee: ATS Consensus Statement:
Research opportunities and challenges in pediatric pulmonology.
Am J Respir Crit Care Med 2005; 172:776-780

Nathan DG: Careers in translational clinical research-historical per-
spectives, future challenges. JAMA 2002; 287:2424-2427

www.pccmjournal.org 9

Copyright © 2016 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.

Unauthorized reproduction of this article is prohibited



