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Pediatric critical care was formally recognized as a separate
subspecialty in pediatrics in 1987. Since that time the numbers of
pediatric intensivists, pediatric intensive care units, and pediatric
intensive care beds in the United States have increased dramat-
ically. Research efforts have lagged behind, however, as this new
discipline has struggled to identify the necessary time, funding,
and other resources to pursue clinical and laboratory investiga-
tion. In April 2004, the National Center for Medical Rehabilitation
Research of the National Institute for Child Health and Human
Development issued a request for applications to establish the
Collaborative Pediatric Critical Care Research Network (CPCCRN).
The CPCCRN provides an infrastructure to pursue collaborative
clinical trials and descriptive studies in pediatric critical care

medicine. Six pediatric centers involving seven intensive care
units and a data-coordinating center were identified through a
competitive application process. Network goals include the sup-
port of collaborative clinical trials otherwise impracticable in
single institutions and the establishment of a framework for
developing the scientific basis for pediatric critical care practice.
This article describes how the CPCCRN was established, its or-
ganization, and its goals and future plans. (Pediatr Crit Care Med
2006; 7:301-307)

Kev Worbs: pediatric critical care; pediatric intensive care unit;
clinical research; collaborative network; National Institutes of
Health; National Institute of Child Health and Development

he first intensive care units

developed primarily from the

need to treat the acute and

chronic respiratory problems
incurred from a worldwide epidemic of
polio in the 1950s (1). In the United
States in the early 1950s, children were
clustered for care in their “iron lungs” at
Rancho Los Amigos Hospital in California
(Fig. 1), although the first specifically
designated pediatric intensive care unit
(PICU) originated in Goteberg, Sweden,
in 1955 (2). The first PICU in the United
States was established at Children’s Hos-
pital of Philadelphia in 1967 followed
within months by Boston Children’s Hos-
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pital (2). The subspecialty emerged from
the concordance of multiple disciplines,
particularly anesthesiology, adult respira-
tory intensive care, pediatric pulmonol-
ogy, pediatric surgery, cardiothoracic
surgery, and neonatology.

The Society of Critical Care Medicine
was formed in 1970 as a multidisciplinary
organization focused on the care of the
critically ill, including critically ill infants
and children. Critical care nursing soon
followed, with the establishment of the
American Association of Critical Care
Nurses in 1975 and the first certifying
exam administered in 1976. The Ameri-
can Association for Respiratory Therapy
(now the American Association of Respi-
ratory Care) was established in 1973 and
has maintained an intensive care focus
since its inception. Critical care subspe-
cialty programs for nurse practitioners,
physician assistants, pharmacists, and al-
lied health professionals have also devel-
oped.

In the United States, the American
Board of Pediatrics first recognized pedi-
atric critical care as a subspecialty in
1985, and the first certifying examination
was administered in 1987. By the end of
2004, American Board of Pediatrics board

certification had been conferred on 1,287
candidates (3). Currently the number of
fellows entering subspecialty training in
pediatric critical care in the United States
is second only to neonatology (Table 1).
Concomitant with the increase in pediat-
ric intensivists, the number of PICUs and
PICU beds has shown steady growth at a
time when the number of pediatric ward
beds and total pediatric discharges in the
United States has been steadily decreas-
ing (Fig. 2) (4, 5).

Although the role of the pediatric
intensivist in the care of critically ill
children is well established, pediatric
critical care continues to evolve as a
subspecialty and expand into other as-
pects of pediatric hospital care. In some
hospitals, pediatric intensivists have as-
sumed the broader role of “hospitalist,”
a role consistent with the fact that
fewer but more severely ill pediatric
patients are being hospitalized and in-
tensivists are increasingly available in
the hospital 24 hrs a day (5). As more
imaging and therapeutic procedures are
being performed on children, intensiv-
ists also find themselves in the role of
administering sedation and analgesia
both within and outside of the PICU (6,
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Figure 1. Iron lung unit at Rancho Los Amigos,
Los Angeles, CA, circa 1952.

7). Finally, because most children who
die in our hospitals die in the PICU, the
role of pediatric intensivists in end-of-
life care (palliative care) and bereave-
ment has evolved through experience
and by necessity (8).

The PICU patient population also con-
tinues to change. Current vaccines pre-
vent or limit many diseases that were
commonly seen in PICUs (e.g., epiglotti-
tis, meningitis, pneumonia), improved
vehicle design and trauma response mea-
sures have decreased the number and se-
verity of trauma victims (9-11) (although
new types of vehicles with associated in-
juries have emerged) (12), and new sur-
geries (e.g., for hypoplastic left heart syn-
drome) and therapies (e.g., bone marrow,
liver, and heart transplant) have enabled
survival for children who formerly per-
ished. PICU mortality has decreased (13,
14), and the number of children with
chronic medical conditions has propor-
tionately increased (15). Survivors of pe-
diatric intensive care increasingly require
sophisticated medical support, many liv-
ing with chronic medical conditions or
disability.

NEED FOR AND BARRIERS TO
RESEARCH

Many practices in pediatric critical
care evolved without adequate study (16,
17) or were adopted uncritically from
adult intensive care (fluid management,
vasoactive drug support), anesthesiology
(mechanical ventilatory support, neuro-
muscular blockade), or neonatology (ex-
tracorporeal membrane oxygenation,
high-frequency ventilation). Indeed the
risk vs. benefit of much of what we do
remains largely unstudied and/or poorly
understood (18-21). Consequently “prac-
tice variation” is the norm and has been
shown to be associated with poorer out-
comes and increased resource utilization
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Table 1. 2004 pediatric subspecialty fellows by training level (yr)*

Pediatric Subspecialty 1 2 3 4 Total
Adolescent medicine 24 28 22 1 75
Cardiology 116 89 86 15 306
Critical care medicine 139 108 83 5 335
Developmental-behavioral + neurodevelopmental 34 30 21 1 86
Emergency medicine 114 100 82 1 297
Endocrinology 71 72 57 1 201
Gastroenterology 73 62 52 3 190
Hematology/oncology 135 122 99 12 368
Infectious disease 65 60 52 2 179
Neonatal-perinatal medicine 224 195 173 4 596
Nephrology 46 42 27 1 116
Pulmonology 50 51 29 2 132
Rheumatology 24 20 14 0 58
Medicine/pediatrics 4 1 10 13 28

Subspecialties (all)

< American Board of Pediatrics, 2004.
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Figure 2. Changes in pediatric beds and discharges. Since 1980, total pediatric hospital beds decreased
by 48% whereas pediatric intensive care unit (/CU) beds increased an identical percent. Total pediatric
hospital discharges decreased by 47% over the same time period.

(22, 23). Pediatric critical care also con-
sumes a disproportionate share of pediat-
ric health care expenditures, and yet little
is known about the effectiveness of our
care beyond the immediate period of hos-
pitalization.

Examples of ongoing controversies
in pediatric critical care that will re-
quire rigorous research for resolution
abound; for example, beyond fluid re-
suscitation and appropriate antibiotic
therapy we understand little about op-
timal therapy for sepsis; low tidal vol-
ume ventilation and strict blood glu-
cose control have been uncritically
adopted from studies in adults without
examination in children; and although
many of our patients have chronic med-
ical illnesses little attention has been

directed at what might prevent their
deterioration to critical illness or how
they fare once they leave the intensive
care unit. Research in these and other
areas of pediatric critical care is long
overdue but requires collaborative,
multiple-center longitudinal studies
that have heretofore been unfeasible
given the paucity of funding for clinical
research.

Despite the obvious need, the barri-
ers to research in pediatric critical care
are many. It is a young field and most
intensivists chose critical care because
of a strong orientation toward clinical
care rather than research. A recent sur-
vey found that on average pediatric in-
tensivists spent <15% of their time in
active research and <10% devote
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>50% of their time exclusively to lab-
oratory or clinical investigation (24).
The paucity of established researchers
in the field makes identification of men-
tors problematic. Clinical research in
our field is also difficult because of the
relatively small numbers of any single
type of patient, generally precluding
meaningful single institution clinical
studies and necessitating collaboration
with other (often many) institutions.
Such collaborative clinical studies re-
quire significant funding and research
infrastructure and advance few careers
beyond that of the primary investigator,
both major issues in large-scale clinical
trials. Defining adequate outcome mea-
sures is also challenging. Mortality in
PICU patients is generally low (3-5%)
(25), and acceptable intermediate out-
come measures are not well estab-
lished. Longitudinal studies are also
necessary for more meaningful assess-
ment of functional and rehabilitative
outcome. These barriers are not insur-
mountable but, on the pessimistic side,
the trend toward an expanded clinical
role for pediatric intensivists (sedation,
hospitalist, palliative care) as well as a
general trend toward 24-hr “in-house”
call may compromise our ability to re-
spond to these research needs and por-
tends poorly for our research future
(26).

COLLABORATIVE PEDIATRIC
CRITICAL CARE RESEARCH
NETWORK (CPCCRN)

Conception and Development. In his
1992 historical review of the develop-
ment of pediatric critical care, Jack
Downs identified the absence of out-
come studies on “all ages and major
conditions including major trauma,
sepsis, ARDS, and multiple organ fail-
ure” as a significant deficiency that
would demand future attention (2). De-
velopment of clinical research networks
to address these issues was a logical
solution given the diversity of our pa-
tient population and the small numbers
of a given patient type even at our larg-
est institutions. Precedents existed in
other pediatric subspecialties including
oncology (Children’s Oncology Group,
Pediatric Oncology Group, etc.) and
neonatology (Neonatal Research Net-
work, VT Oxford Network) as well as
other medical specialties (the ARDSnet
in adult intensive care and the Maternal
Fetal Medicine Units Network in Ob-
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stetrics). Loose associations of pediatric
intensive care groups performed clini-
cal trials in the middle 1980s (27), and
shortly thereafter regional networks
such as the Pediatric Critical Care
Study Group (28-30) and the Mid-
Atlantic Pediatric Critical Care Network
(31, 32) enjoyed limited success but
suffered from inadequate funding and
infrastructure to sustain ongoing col-
laborative studies. However, multiple-
institution research centered primarily
on risk adjustment and assessment of
quality using severity scoring methods,
funded primarily by the Division of Ma-
ternal and Child Health, was quite suc-
cessful (33-36). More recently, the Na-
tional Association of Children’s
Hospitals and Related Institutions has
sponsored two successful multiple-
institution studies (37, 38). The Pediat-
ric Acute Lung Injury and Sepsis Inves-
tigators network has also accomplished
significant multiple-institution collabo-
ration but relies entirely on individual
investigators to obtain funding for spe-
cific projects (39-41).

In April 2004, the National Center
for Medical Rehabilitation Research
within the National Institute for Child
Health and Development (NICHD) is-
sued a request for applications to estab-
lish a pediatric critical care and reha-
bilitation research program “to initiate
a multicentered program designed to
investigate the safety and efficacy of
treatment and management strategies
to care for critically ill children, as well
as the pathophysiological basis of criti-
cal illness and injury in childhood”
(42). The program provides funding for
six cooperative agreements for clinical
sites as well as a data-coordinating cen-
ter. Selection for the network was ac-
complished in January 2005, following
a competitive peer-review process fo-
cused on the expertise of the principal
investigator (required to be a pediatric
intensivist), institutional resources for
critical care and rehabilitation at the
clinical site, quality of the submitted
research proposal, and geographic and
population diversity. The competition
was limited to intensive care units
within the United States.

Structure and Organization of the
CPCCRN. Cooperative agreements were
awarded to six clinical centers (seven
sites) and the data-coordinating center
(DCC) (Appendix). Each clinical center
has principal and alternate investigators
who are pediatric intensivists, as well as a

research coordinator and data adminis-
trator. The principal investigator has
overall responsibility for the center’s par-
ticipation and performance in the net-
work. The research coordinator organizes
and monitors the day-to-day tasks of the
network studies, and the data administra-
tor is responsible for data collection,
cleaning, and entry. The DCC is led by a
pediatric intensivist and includes biosta-
tisticians, programmers, data analysts,
and administrative personnel. The DCC is
responsible for overall coordination of
network logistics and assists in the plan-
ning and design of all projects. This in-
cludes assistance with statistical and
study design, data collection, data analy-
sis, record keeping, and oversight of the
conduct of the study. The NICHD project
scientist and program officer are respon-
sible for the overall management and di-
rection of the CPCCRN. This partnership
between the NICHD and network investi-
gators is designed to stimulate network
productivity and ensure its focus on im-
portant research questions. The research
infrastructure support as outlined not
only allows the investigators the pro-
tected time and funding necessary to de-
velop and pursue rigorous clinical re-
search but also enables their
collaboration with multiple investigators
and gives them access to the network’s
large patient population—advantages
largely deficient in previous collaborative
networks in pediatric critical care.

The CPCCRN is directed by the Steer-
ing Committee, consisting of the princi-
pal investigators of the six clinical centers
and the DCC, the NICHD project scien-
tist, and an independent chairman ap-
pointed by the NICHD. Standing commit-
tees have been established to a) provide
oversight of all publications and presen-
tations; b) determine the priority given to
studies approved by the Steering Com-
mittee; ¢) review all study budgets and
assist the NICHD to determine capitated
study costs; d) review all studies regard-
ing ethical and regulatory issues; and e)
review ongoing research external but rel-
evant to the network (to ensure that clin-
ical sites enroll patients preferentially
into CPCCRN studies). Each approved
study has an ad hoc committee to de-
velop, implement, and monitor the study
and write the resulting manuscripts.

CPCCRN study development follows a
rigorous process shown in Figure 3.
Studies pass through an initial concept
phase to a more detailed mini-protocol
and then to a complete protocol, each
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Figure 3. Study development and implementation in the Collaborative Pediatric Critical Care Research
Network. NICHD, National Institute for Child Health and Development.

requiring Steering Committee approval
before moving to the next stage. Once a
protocol is approved, it is the task of the
protocol subcommittee chair (generally
the principal investigator of the study) to
work with the DCC to develop case report
forms, establish training procedures for
participating centers, and finalize details
regarding study design and statistical
analysis. Studies are then implemented
in an order determined by the prioritiza-
tion committee and are funded by a cap-
itation mechanism in an amount deter-
mined by the Capitation Committee,
taking into account the available funds,
the additional expenses incurred per pa-
tient enrolled in the proposed study, and
the priorities of the NICHD and the CPC-
CRN. In the process of review and ap-
proval, ancillary or secondary studies
may be attached to a primary (or “main”)
study but require the same approval pro-
cess. Such secondary or ancillary studies
may not detract from the primary study.

A member of the Steering Commit-
tee or one of the alternate investigators
must be accountable for each study
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conducted within the network and
functions as the lead investigator for
the study. However, proposals from
non-network investigators are wel-
comed for consideration, and interested
investigators are encouraged to contact
one of the Steering Committee mem-
bers (Appendix). Non-network investi-
gators may participate as an expert con-
sultant on a specific study, as a
collaborating investigator with a net-
work principal investigator, or as an
investigator for an ancillary or satellite
site for a given study. Although the
CPCCRN consists of only six clinical
centers, some studies may require a
larger sample size and patient recruit-
ment from additional sites would be
funded with subcontract mechanisms
between those additional sites and an
existing CPCCRN clinical center. In
these instances, the CPCCRN principal
investigator will be responsible to en-
sure that all federal requirements were
fulfilled at ancillary or satellite sites.
Additionally, the network would con-
sider industry-funded studies of suffi-

cient scientific merit providing funding
is coordinated through the NICHD and
the network retains control of the con-
duct of the study and publication of
results. For all studies, the network will
abide by all National Institutes of
Health policies regarding conflict of in-
terest.

The Data Safety and Monitoring Board
and Advisory Board provide oversight of
CPCCRN research. Both boards are ap-
pointed by the NICHD. The Data Safety
and Monitoring Board is composed of ex-
perts in the fields of pediatric critical
care, ethics, biostatistics, and other areas
of special expertise as needed. The Advi-
sory Board advises the Steering Commit-
tee regarding scientific merit and poten-
tial clinical impact of proposed studies
and is composed of both experts in pedi-
atrics as well as laypeople with experience
and/or interest in pediatric critical care
or pediatric rehabilitation.

Patient Population Available to the
CPCCRN. The six clinical centers involv-
ing seven PICUs are geographically di-
verse tertiary pediatric hospitals and
serve a mixture of urban, suburban, and
rural patients. The CPCCRN patient pop-
ulation is described in Tables 2 and 3.
This distribution is more heavily
weighted toward minority populations
than in the U.S. population in general but
in that respect better represents the eth-
nic and racial composition of most PICU
populations (43, 44). PICU patients are
disproportionately poor, disabled, and
younger than the general U.S. pediatric
population. The distribution of patients
by age is shown in Table 3.

Long-Term Goals of CPCCRN. The
primary goal of the CPCCRN is to per-
form rigorous clinical research in pediat-
ric critical care, with careful consider-
ation of long-term functional outcome
following critical illness. Any scientific
question of significant relevance to the
field of pediatric critical care would be
considered, with an obvious emphasis on
studies requiring multiple-institution
collaboration and collaboration with our
rehabilitation medicine colleagues. The
network will enable studies that cannot
be accomplished in single institutions
and/or that require significant research
infrastructure. It will also act as a plat-
form on which to translate discoveries
made in the laboratory into improve-
ments in clinical care, as well as bringing
clinical questions that arise in the course
of caring for critically ill children back to
the laboratory. Success should lead to the
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Table 2. CPCCRN patient population 2003

Ethnicity or Race (%)

Total No. of
Hospital NHW H AA NA A/PI Other Admissions
Arkansas Children’s 69.5 4.2 24.6 <1 <1 <1 1110
Hospital
Children’s Hospital 20 55 6.2 0.6 7.7 10.7 1884 (CHLA)
Los Angeles and
UCLA
1564 (UCLA)
Children’s Hospital 35 3 60 <1 2 <1 1392
of Michigan
Children’s National 19 10 67 1.3 2.7 <1 1313
Medical Center
Pittsburgh Children’s 70 5 20 <1 5 <1 2064
Hospital
Seattle Children’s 64 9 5.1 1.3 52 13 1223
Hospital
Total admissions 10,550
(2003)

NHW, non-Hispanic White; H, Hispanic; AA, African-American; NA, Native American; A/PI, Asian

or Pacific Islander.

Table 3. Age distribution and diagnostic categories from six centers

Diagnostic Category Percent Age Distribution, Yr Percent
Trauma 7 <1 24.9
Surgical (non-trauma, 29.4 1-5 29.3
non-cardiovascular)

Surgical 19.2 5-14 27.4
(cardiovascular)

Medical non-BMT, 40.2 14-21 16.8
non-Oncology

Medical 4.3 >21 1.6

BMT/oncology

BMT, bone marrow transplant.

development of a sustainable clinical re-
search infrastructure and the fostering of
young investigators able to lead the next
generation of pediatric intensivists and
pediatric critical care investigators.
Studies currently in planning in the
Network include: a) a randomized con-
trolled trial of metaclopramide, zinc,
selenium, and glutamine to improve
immune competence and prevent nos-
ocomial infection; b) a study of the ep-
idemiology and outcomes in critical
pertussis in infants; ¢) a study designed
to develop and validate a functional sta-
tus scale; and d) a study of bereavement
and interventions to prevent pathologic
grief. Other studies under discussion
include a randomized controlled trial of
steroids in septic shock; studies exam-
ining adjunctive agents to ameliorate
narcotic tolerance and withdrawal; a
study to develop a decision support tool
for mechanical ventilation; and a col-
laborative effort with other networks
and investigators to evaluate the possi-
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ble efficacy of hypothermia after cardiac
arrest. The results of all clinical trials
would be reported on the National In-
stitutes of Health database (http://
clinicaltrials.gov). Periodic updates of
ongoing network studies will be re-
ported in Pediatric Critical Care Medi-
cine.

The network also intends to join the
conversation regarding the complex
ethical issues of research in children.
Pediatric intensivists have always rec-
ognized the difficulties inherent in clin-
ical investigation in children but feel an
ethical obligation to study rigorously
the therapies and technologies used in
pediatric critical care because much of
our practice could legitimately be con-
sidered “experimental.” Improving care
can most effectively be accomplished by
careful, well-designed clinical studies.
Ultimate success of the CPCCRN will
foster the spirit of continuing investi-
gation in pediatric critical care and the

eventual adoption of evidence-based
medicine in our subspecialty.

CONCLUSIONS

Pediatric critical care has matured
rapidly as a pediatric subspecialty. As
with all new specialties in medicine,
however, scientific investigation has
lagged behind empirical clinical prac-
tice. Progress in research has been hin-
dered by high clinical demands, inher-
ent limitations in patient recruitment
due to the nature of our patient popu-
lation, and inadequate funding. In re-
sponse to these difficulties, the NICHD
has funded the CPCCRN to enable rig-
orous, multi-institutional clinical re-
search. This report has outlined the
structure, processes, and goals of this
new network.
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