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Respiratory Research: Why Is It So Difficult?

Martha Curley, from the Children’s Hospital of Phila-
delphia, began with a provocative discussion of the diffi-

culties often encountered in clinical trials within the re-
spiratory care field.1 The key question addressed was,
why are pediatric data so limited? The potential answers
included:
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• An insufficient number of mechanically ventilated chil-
dren, especially those with substantial lung injury, to
support large-scale randomized controlled trials (RCTs)

• Heterogeneity of the population to be studied in terms of
age, size, and medical and surgical diagnoses

• Variable expression of respiratory disease, especially
across the age range seen in pediatrics

• Loss of equipoise secondary to the extrapolation of data
from previous neonatal and/or adult clinical trials (eg,
low VT ventilation for adult acute lung injury [ALI])

So what have we done over the years without definitive
pediatric data? Often, clinicians have simply learned to
function without definitive evidence for their management
approach. Pediatric clinicians have become comfortable
(for right or for wrong) extrapolating data from the neo-
natal and adult worlds. But Curley stressed the clear need
to do better in the future. A key recommendation was to
build a strong program of research rather than performing
isolated studies. This approach allows for the formation of
a solid foundation so that future studies can grow from
prior successes. Investigator-initiated RCTs are optimally
conducted as the capstone project within a program of
research.2

It must be stressed that building a program of research
takes time, persistence, and stable and adequate funding.
An excellent example of this approach is the pediatric
prone positioning study. In 1999, Curley and others sys-
tematically reviewed prone positioning of patients with
acute respiratory distress syndrome (ARDS).3 In 2000, Cur-
ley et al conducted a single-center pilot study of early and
repeated prone positioning in pediatric patients with ALI.4

And in 2005, Curley et al reported a multicenter study of
prone positioning in children with ALI.5

Another key point for the success of RCTs includes the
use of established networks to efficiently and effectively
share resources and to draw from a larger population base.
Examples of such established networks include the Pedi-
atric Acute Lung Injury and Sepsis Investigators (PALISI)
Network,5-9 the Collaborative Pediatric Critical Care Re-
search Network(CPCCRN),10-13 and the Australian and
New Zealand Intensive Care Society (ANZICS) Clinical
Trials Group.14-16 Among such networks, as well as in
general, Curley reminded us to choose our collaborators
wisely, based on credibility, cooperation, availability, and
a track record of success. This important advice is appli-
cable both to senior investigators when choosing potential
sites for a multicenter study as well as to junior investi-
gators when choosing mentors.

In concluding her presentation, Curley provided the gen-
eral advice to “think differently about clinical research.”
Specifically, clinical researchers should utilize multidisci-
plinary teams and thus leverage the strengths of individual

team members, and collaborate with teams that have a
strong record of success. Furthermore, a paradigm shift is
needed in the approach to clinical studies, with an in-
creased focus on qualitative methods in the early phases of
a program, an emphasis on building on prior successes (ie,
research teams and programs should not disband after a
success), and a greater reliance on teleresearch, especially
in the design phase for larger prospective trials.

One should consider unpacking the syndromes. Rather
than studying ARDS as an entity, study components of the
syndrome (eg, fluid or sedation management). For success,
it may be necessary to refine clinically important out-
comes. Specifically, outcomes must be important enough
to convince clinicians to change their clinical practice in
response to a positive study. It should be noted that using
mortality as a primary outcome variable, in addition to the
ethical issues it raises, is not practical in pediatric ALI
studies, as it is likely to be impossible to recruit a suffi-
cient number of subjects to demonstrate an effect.17

Sharing Data Between Children and Adults

In follow-up to Curley’s presentation, Ira Cheifetz dis-
cussed the void of definitive data in the area of pediatric
ALI and reviewed the areas in which pediatric clinicians
may be able effectively to extrapolate from the available
data on adult ALI.18 This presentation built on Curley’s
explanations for the void of pediatric data by reviewing a
key publication from the PALISI Network.6 In that pedi-
atric weaning study, over 6,400 infants and children were
screened. However, only 1,096 (17.1%) required mechan-
ical ventilation for greater than 24 hours, and 303 (4.7%)
were enrolled. Cheifetz echoed some of Curley’s remarks
by noting that the void of pediatric data is related to a
combination of a limited patient population, relatively short
duration of mechanical ventilation for the vast majority of
infants and children, substantial clinical variability among
patients, management differences between ICUs, and of-
ten a lack of equipoise.

Cheifetz’s presentation focused on several of the large
ARDS Network studies, starting with low-tidal-volume
(low-VT) ventilation. Although definitive data exist in the
adult world that a 6 mL/kg VT benefits patients with ALI,
as compared to a 12 mL/kg VT,19 no similar data exist for
the management of infants and children. As the basis for
this entire discussion, the clinical adage that children are
not simply small adults must be acknowledged. But this
acknowledgment must go further: infants are not simply
small adolescents. When deciding whether adult data can
be safely and accurately extrapolated to pediatrics, we
must ask critical questions about the population studied,
the effect size, the disease processes, the individual patient
characteristics, and, more generally, the population in ques-
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tion. A large child or adolescent would clearly mimic the
physiology of an adult more closely than would an infant.

Thus, the pediatric clinician is left without clear guid-
ance in determining the optimal VT for a child with ALI.
It would seem reasonable to extrapolate from the available
adult data and use a 6 mL/kg VT. In support of this ap-
proach is the lack of any better data, the similarity of
ARDS in patients beyond infancy, the lack of any known
adverse effects of this approach (albeit based on adult data
and pediatric clinical experience, but not pediatric data),
and basic physiologic principles. However, many ques-
tions remain. Would a VT of less than 6 mL/kg lead to
even better results (as may be true for adult patients as
well)? Where should the delivered VT be measured (ie, at
the ventilator or with a pneumotachometer placed at the
endotracheal tube to account for the volume of delivered
gas lost due to the distensibility of the ventilator circuit)?
What about specialized populations, specifically those with
congenital heart disease and small infants?

Unfortunately, we are left with the uncertainty on whether
definitive VT data for pediatric ALI will be obtained in the
future. Some have questioned the ethics of such a study. It
is likely that the ethical and, of course, scientific, views
will be based on the proposed study groups. Many would
oppose the study of 6 mL/kg versus 12 mL/kg in pediat-
rics. But what about 4 mL/kg versus 8 mL/kg or 3 mL/kg
versus 6 mL/kg? Of importance to the study design is the
concern about overlap as the potential study groups ap-
proach each other. Furthermore, what should be the age
and weight cohorts for such a study? Finally, what about
infants and children with normal lungs who are ventilated
for a nonpulmonary reason? Unfortunately, the questions
continue to outnumber the available answers.

The next topic addressed was that of PEEP manage-
ment. Studies of adult ALI and ARDS have shown im-
provements in oxygenation, pulmonary compliance, and
duration of ventilation, but no definitive change in mor-
tality.20-22 Thus, the extrapolation of the available adult
data to pediatrics becomes even less clear for PEEP man-
agement than for VT delivery.

Similarly, in the design of a pediatric PEEP study, many
questions exist. Would it be possible to obtain an adequate
sample size? Are the available PEEP-FIO2

tables from the
ARDS Network study20 applicable to pediatrics, or are
they too aggressive for infants and children? Would PEEP
phobia inhibit a high PEEP approach in pediatrics? What
about age and weight cohorts and patients with congenital
heart disease? As mortality is unlikely to show a differ-
ence in a pediatric ALI study, what should be the primary
end point? Finally, could such a PEEP study even be con-
ducted until after the pediatric VT question is answered?

The issues and questions are similar for several other
management aspects of pediatric ALI, including cortico-
steroid administration and fluid management strategies.

On the other hand, there are several areas in which pedi-
atric data and experience may be extrapolated to the adult
population. These include surfactant administration and
extracorporeal membrane oxygenation (ECMO) for refrac-
tory ARDS. Despite the inherent differences between adult
and pediatric patients, the sharing of data remains impor-
tant. It must be stressed that such an approach should
proceed with a careful assessment of the limitations of the
available data for a specific management strategy.

Noninvasive Ventilation of Premature Infants:
Do We Really Need to Intubate?

Invasive mechanical ventilation has been the hallmark
strategy for supporting premature neonates with lung dis-
ease for nearly 4 decades. In the past decade, clinicians
have witnessed a fundamental shift in ventilation practices
among this patient population. As long as a neonate ap-
pears to have some spontaneous respiratory effort, nasal
continuous positive airway pressure (CPAP) is generally
initiated within the first few minutes of life. This approach
is being implemented successfully in the delivery room or
following surfactant administration and short-term inva-
sive ventilation in the neonatal intensive care unit (NICU).
However, approximately half of all neonates who are sup-
ported with CPAP still develop respiratory failure and re-
quire potentially injurious invasive ventilation.

Noninvasive ventilation (NIV) is a form of respiratory
assistance that provides a greater level of respiratory sup-
port than CPAP and may prevent intubation in a larger
fraction of neonates who would otherwise fail CPAP. With
the inception of nasal airway interfaces, clinicians have
ushered in many different forms of NIV in neonates, often
with very little experimental data to guide clinical man-
agement. These NIV approaches include intermittent man-
datory ventilation (IMV), neurally adjusted ventilatory as-
sist (NAVA), “sigh” positive airway pressure (SiPAP),
and high-frequency ventilation (HFV).

Rob DiBlasi began his discussion with the unique his-
torical aspects of NIV and carefully reviewed the available
NIV evidence related to the different forms of NIV being
used in the NICU setting.23 It is interesting to note that
neonatal NIV is not a new concept. In the early 1970s,
clinicians reported unsuccessful NIV with an oronasal mask
attached to an intermittent-positive-pressure-breathing ma-
chine or pediatric volume-cycled ventilator. This practice
was dismissed in the NICU following several reports of
higher incidence of gastrointestinal perforation and head
molding and consequent cerebellar hemorrhage.

Today the most widely used and studied form of NIV is
nasal IMV with a conventional ventilator in the pressure
control mode. The most common patient interface is bi-
nasal short prongs. It has been postulated that nasal prongs
provide a natural lung-protective pressure-relief valve
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through the leaky nasal airway interface and the orophar-
ynx, which may prevent excessive pressure transmission
to the distal airways or gastrointestinal tract. Compared to
CPAP, NIV with IMV generally provides a higher mean
airway pressure, which provides more lung recruitment,
more consistent VT, lower work of breathing, and better
gas exchange. Additionally, IMV can evoke a beneficial
“sigh” maneuver in neonates, which may help recruit areas
of microatelectasis or airway collapse and might reduce
apnea. However, DiBlasi proposed that IMV is more likely
to prevent apnea than to support a patient who has persis-
tent apnea.

In his review of the recently available clinical evidence,
DiBlasi reported that IMV is being implemented in pre-
mature neonates using the following strategies:

• Post-extubation following long-term invasive ventilation

• Post-extubation, following surfactant replacement and
short-term invasive ventilation

• As an initial form of support (prior to intubation) in
neonates with signs of respiratory distress

Recent meta-analyses and several RCTs found that, com-
pared to CPAP, neonates supported with IMV had a lower
incidence of apnea and bronchopulmonary dysplasia
(BPD), and better gas exchange, with no greater risk of
cerebellar hemorrhage or gastrointestinal perforation.
Larger studies are needed to determine the best timing for
this exciting new NIV strategy in neonates, and to deter-
mine whether patient-triggered IMV is preferable to ma-
chine-triggered IMV during NIV in neonates.

NAVA is an exciting ventilation strategy that was re-
cently introduced to the NICU. NAVA requires measure-
ment of the electrical activity of the diaphragm by an
indwelling esophageal catheter equipped with electrodes.
The diaphragm signal determines the timing and magni-
tude of inspiratory pressure delivery during spontaneous
breathing. There are many proposed advantages of NAVA
over IMV, but only 2 reports have been published, from
short-term studies that evaluated patient-ventilator inter-
action during noninvasive NAVA. Although those data are
exciting, larger studies are needed to assess whether this
expensive and labor-intensive ventilation strategy is desir-
able over other forms of NIV.

SiPAP differs from other forms of NIV in that it allows
the neonate to breathe continuously at 2 separate CPAP
levels. In combination with spontaneous breathing, these
“sigh breaths” are intended to recruit unstable air spaces,
maintain end-expiratory lung volume, and avoid apnea.
Several small clinical studies have found that neonates on
SiPAP had less need for invasive ventilation than those on
CPAP. However, additional clinical research is needed on
SiPAP.

Over the past 5 years, nasal HFV has been used more
commonly in clinical practice as a form of NIV. Unfortu-
nately, HFV is such a new form of NIV that very few data
are available to suggest a long-term management strategy
in neonatal patients. Short-term observational studies have
suggested better gas exchange with HFV, compared to
CPAP. A large RCT of HFV, with an appropriate nasal
airway interface, is needed.

During the discussion, several of the faculty felt strongly
that the major limitation of NIV is the lack of appropriate
nasal airway interfaces, for both neonates and larger pe-
diatric patients. It was agreed that better interfaces, de-
signed to reduce nasal injury and to extend NIV to larger
pediatric patients, should be a major focus of research and
product development.

The prevailing message from this intriguing presenta-
tion was that there is a large population of neonatal pa-
tients who cannot be supported by CPAP alone. The clin-
ical consensus is that invasive ventilation should be avoided
if possible. In the not so distant future, clinicians may rely
more on other forms of NIV, using IMV, NAVA, SiPAP,
and HFV in premature neonates who fail CPAP or when
weaning from invasive ventilation. While NIV is still early
in its inception, clinicians will need further clinical re-
search to determine the best form to use in their patient
population.

Neonatal Invasive Mechanical Ventilation

Melissa Brown provided an overview of advances in
neonatal ventilators and discussed whether these proposed
improvements have resulted in better care of the premature
neonate.24 The current trend in the NICU is to use NIV
whenever possible, although invasive ventilation is often
necessary for pre-term neonates with lung disease.

Invasive ventilation has been provided with neonatal-
specific pressure ventilators for nearly 4 decades, but there
are many new ventilator modes and strategies to assist
with optimizing mechanical ventilation and preventing ven-
tilator-induced lung injury. Patient-triggered ventilation
with flow-triggering is one of those advances, as compared
to the earlier generation of machine-triggered breaths. Syn-
chronized IMV, continuous mandatory ventilation, and
pressure support ventilation are the most common forms
of patient-triggered ventilation. In short-term studies in
premature neonates, patient-triggered ventilation had bet-
ter patient-ventilator synchrony, better gas exchange, and
less need for invasive ventilation than did IMV. However,
no studies have shown that patient-triggered ventilation
improves mortality or morbidity in premature neonates.

NAVA was recently FDA approved for invasive and
noninvasive ventilation. NAVA had clinical benefits in
short-term studies, but additional clinical trials are needed
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to determine NAVA’s clinical efficacy and cost effective-
ness.

New evidence suggests that volume-targeted ventilation
modes provide better lung protection and better outcomes
in premature neonates than do traditional pressure control
modes. Several volume-targeted modes that provide accu-
rate VT delivery despite a large endotracheal tube leak
were recently introduced.

There continues to be debate about whether neonates
should be managed invasively with HFV or conventional
ventilation with a lung-protective strategy at birth. Based
on several meta-analyses, HFV should be implemented
early rather than as a rescue intervention, and with a strat-
egy that optimizes lung recruitment. The majority of clin-
ical trials have compared HFV to pressure control modes
during conventional ventilation. Future trials enrolling pre-
mature neonates should compare HFV to conventional ven-
tilation with volume-targeted modes. Because of a lack of
available evidence, there is no consensus on whether high-
frequency oscillatory ventilation is better than high-fre-
quency jet ventilation for supporting neonates with respi-
ratory distress syndrome (RDS).

Over the past decade, many new promising approaches
to lung-protective ventilation strategies have evolved.
Brown discussed recent animal and clinical research that
has provided valuable insight on how best to manage ne-
onates during conventional ventilation and HFV. The key
to protecting the neonatal lung during mechanical venti-
lation is to optimize lung volume and limit excessive lung
expansion. During conventional ventilation this can be
achieved with appropriate PEEP, short inspiratory time
(0.25�0.5 s), small VT (4–6 mL/kg), rapid respiratory
rate, and permissive hypercapnia.

The future of neonatal invasive ventilation appears prom-
ising. New technologies are being developed at a rapid
pace. These technologies are likely to improve the care for
this delicate and vulnerable patient population. Manage-
ment protocols are being devised with the best available
experimental evidence. Widespread acceptance of new de-
vices and approaches will continue to rely on data from
well designed bench, animal, and clinical studies to better
understand their role in the NICU environment.

Advances in the Management of
Pulmonary Hypertension

Pulmonary hypertension (PH) is a relatively rare dis-
ease in infants and children, but occurs more frequently in
neonates in the form of persistent PH of the newborn
(PPHN). In general, PH is associated with substantial mor-
bidity and mortality. PH is characterized by increased pul-
monary vascular resistance related to increased pulmonary
vascular reactivity, sustained pulmonary vasoconstriction,
vascular remodeling, and/or vascular obstruction. PH is

commonly diagnosed as a mean pulmonary arterial pres-
sure � 25 mm Hg.

Although right-ventricular failure is a common final out-
come in patients with PH, the pulmonary vascular changes
are diverse and relate to the specific etiology, which in-
cludes congenital heart disease, idiopathic PH, PH asso-
ciated with pulmonary diseases, and (in neonates) PPHN.
The pathophysiology of PH in children is multifactorial,
complex, and not completely understood. Moreover, a mi-
nority of PH research is focused specifically on neonatal
and pediatric patients.

Jeffrey Fineman, an established pediatric PH researcher,
presented an inclusive review of PH etiologies, clinical
manifestations, physiologic principles, and current and fu-
ture therapies.25 Based on recent findings, several physi-
ologic pathways are common to most forms of PH. These
discoveries have led to a better understanding of the role
of systemic and pulmonary vascular endothelial cells and
have elaborated several factors that mediate vascular
smooth-muscle cell relaxation and constriction. Thus, the
majority of approved and emerging PH therapies are tar-
geted on manipulating endothelial-derived factors and/or
their signaling pathways.

One area of active research is the mechanisms of endo-
thelial injury and dysfunction in PH, which include alter-
ations in mechanical forces (such as increased pulmonary
blood flow associated with congenital cardiac defects, and
flow velocities altered by luminal narrowing) resulting in
increased vascular wall shear stress, hypoxia, oxidative
stress, and inflammation. Additional factors that contrib-
ute to endothelial injury in some patients include infection,
such as human immunodeficiency virus or schistosomia-
sis, and injury from drugs or toxins.26-28

Endothelial-derived factors such as nitric oxide (NO),
prostaglandin I2, and endothelin 1 are integral in the pro-
cesses that regulate vascular smooth-muscle tone. Endo-
thelial injury and dysfunction contribute to alterations in
inflammatory cascades, growth factors, and transcriptional
factors, which are increasingly recognized as key media-
tors of the vascular remodeling associated with muscle cell
tone. It is also clear that underlying genetic abnormalities
participate in the development of PH in some patients.

The clinical goals of PH therapy depend on the patient’s
clinical situation, and can include prevention and/or treat-
ment of pulmonary vasoconstriction, support of right-ven-
tricular function, treatment of the underlying disease (if
possible), and promotion of regressive remodeling of struc-
tural pulmonary vascular changes. Of course, these aims
are interrelated, but certain therapies may target one aim
more than another in a given patient.

Historically, metabolic and respiratory alkalinization has
been a part of the initial resuscitation strategy in patients
with PH. However, long-term application of those thera-
pies can be detrimental. For example, aggressive hyper-
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ventilation and oxygenation can promote secondary lung
injury in neonates with PPHN. As such, gentle ventilation
with mild permissive hypercapnia, lower FIO2

, and inhaled
nitric oxide (INO), with or without HFV, have become
accepted practice for neonates with severe PPHN.

The most widely used PH therapies alter one of the 3
endothelial signaling cascades: nitric oxide/cyclic guanos-
ine monophosphate (NO-cGMP), prostaglandin I2, and en-
dothelin-1. INO is the best studied and most widely used
agent for acute selective pulmonary vasodilation. Although
INO is FDA-approved only for neonates with hypoxemic
respiratory failure, it is frequently being used off-label to
treat other forms of PH, and for diagnosis.

Sildenafil is a phosphodiesterase-5 inhibitor that aug-
ments NO-cGMP signaling pathways and results in pul-
monary vascular relaxation by inhibiting the degradation
of cGMP. RCTs that included pediatric patients found oral
sildenafil effective in patients with chronic PAH. Despite
limited data, the use of sildenafil in infants and children
with PH after cardiac surgery is increasing. Sildenafil may
have benefits equal to INO, and may assist with weaning
from INO in some patients.

L-arginine is decreased in neonates with PPHN and adults
and children with PH related to various maladies. Like
INO and sildenafil, L-arginine augments the NO-cGMP
cascade. Ongoing clinical research suggests that L-argin-
ine helps reduce the effects of PH in neonates with PPHN,
patients with sickle cell disease, and following cardiopul-
monary bypass in patients with cardiac defects.

Despite the many recent advances in therapy, prosta-
noids, such as intravenous prostaglandin I2 (epoprostenol),
remain the best-proven and most effective therapy for
chronic PH. Treprostinil is another prostaglandin I2 analog
that was recently approved for intravenous administration.
Data are not available to compare the efficacy of intrave-
nous epoprostenol to treprostinil. To achieve selective pul-
monary vascular relaxation, various investigations have
focused on delivering prostanoids via inhalation. Iloprost
and trepronistil are prostaglandin I2 analogs that are FDA-
approved for inhalation. Recent data suggest that iloprost
reduces pulmonary vascular resistance as much as does
INO, and at lower cost.

Newer drugs are aimed at inhibiting endothelin-1 and
endothelin-A, which are signaling pathways that, when
antagonized, promote vasodilation. Several exciting com-
bination therapies using these drugs suggest that there may
be some benefit to using them together. Fineman men-
tioned several other prospective drugs that are currently
being tested in patients with PH, including endothelial-
based therapies that use endothelial progenitor cell infu-
sions, superoxide dismutase, vasoactive intestinal peptide,
adrenomedullin, calcium-channel blockers, and anticoag-
ulation therapies, which may show great promise for pa-
tients with PH. Statins and several other chemotherapies

used for leukemia are also now being used in patients with
PH, to address pulmonary vascular remodeling.

Since no single drug or drug combination has been found
that completely alleviates the symptoms of increased pul-
monary vascular resistance in patients with PH, an impor-
tant goal is to support the right ventricle, by reducing
right-ventricular afterload (ie, reduce pulmonary vascular
impedance), to optimize right-ventricular blood volume, to
augment right-ventricular contractility, and to maintain sys-
temic vascular resistance with proper volume loading and
inotropic support. Atrial septostomy is a surgical (or car-
diac catheterization) intervention for managing chronic PH,
and has been advocated to allow for decompression of the
right ventricle by promoting right-to-left shunting. Isolated
lung transplantation, as opposed to requisite heart-lung
transplantation, is now a viable option for some children
with end-staged PH.

Over the past several decades, fundamental advances in
pulmonary vascular biology have been translated into ef-
fective therapies that have improved the quality of life and
prolonged survival for neonates, infants, and children with
PH. Many novel therapies show great promise for patients
with PH.

Inhaled Medical Gases:
More to Breathe Than Oxygen

Inhaled medical gases are an integral part of the man-
agement of critically ill patients. Mike Gentile provided an
overview of several of the available medical gases—be-
yond oxygen.29 Complementing Fineman’s discussion, this
presentation began with an overview of INO. Gentile noted
that this topic is still actively discussed and studied, de-
spite the availability of over 100,000 papers on nitric oxide
and over 4,000 publications specifically focused on INO.
The medical importance of INO as a selective pulmonary
vasodilator rests on the fact that it can be delivered as a gas
directly to the pulmonary circulation, without systemic
adverse effects.

The data on INO in PPHN are considered definitive by
most. Beyond its FDA-approved indication for PPHN, INO
is administered off-label for several other conditions, in-
cluding prematurity, acute lung injury, and congenital heart
disease.

Clinical trials have delivered INO to premature infants
(� 34 weeks gestational age) for the treatment and pre-
vention of chronic lung disease and for supporting gas
exchange in premature infants with RDS.30-33 Gentile con-
cluded that, at present, INO for premature infants is not
supported by the medical literature, nor can INO be rec-
ommended for patients with ARDS, except as a potential
bridge to ECMO when improved oxygenation and overall
clinical stability are needed for a short period. Despite the
belief that INO may improve outcomes for children and
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adults with ALI and ARDS, by improving oxygenation
and thus allowing decreased ventilator settings and de-
creasing the risk of ventilator-induced lung injury, the avail-
able data are not supportive.34-40

Gentile speculated that future INO research will evalu-
ate the role of INO in lung injury and inflammation and
other disease states. As more knowledge is gained about
the interaction of INO and the human body, new and prom-
ising therapies may emerge to treat cardiopulmonary dis-
eases. However, alternative intravenous, inhaled, and en-
teric alternatives to INO will probably emerge with
increasingly important roles as selective pulmonary vaso-
dilators.

Gentile then discussed heliox. Unlike INO, the data for
heliox in patients with airway obstruction are limited. There
have been no definitive, large-scale RCTs on heliox. At
present, clinicians must rely on the data from mostly small,
single-center clinical studies and on our understanding of
the physics of gas exchange and the physiology of airway
obstruction. Heliox is a safe and rapidly acting gas that
reduces airway resistance and work of breathing and im-
proves gas exchange in various respiratory conditions. The
benefit of heliox lies solely in its low density. Published
research on heliox dates back over 70 years and suggests
that it may be useful in situations of substantial airway
obstruction.

Although the literature on heliox contains both positive
and neutral studies, there have been no reported adverse
effects, which is not unexpected, because heliox is biolog-
ically inert. Potential complications of heliox are related to
technical aspects of heliox delivery. The clinician who ad-
ministers heliox must understand how heliox’s lower density
gas affects the functioning of respiratory equipment.

Although the use of inhaled anesthetic is commonplace
in surgery, its use in the ICU remains very limited. Poten-
tial ICU applications include as an adjunct to sedation
management, and the treatment of refractory status asth-
maticus and status epilepticus. Despite potential efficacy
for these conditions, a variety of reasons exist for the lack
of its use in the ICU, including limited equipment avail-
ability, lack of clinical experience and expertise among
intensivists, and unknown consequences of long-term ex-
posure to various organ systems. Thus, there are no clear
guidelines for inhaled anesthetic in the ICU. Special con-
siderations include appropriate equipment for inhaled an-
esthetic delivery, gas scavenging systems to protect staff,
and appropriate monitoring systems and staff training to
ensure patient safety. These very substantial limitations
are likely to continue to greatly limit the use of inhaled
anesthetics in the ICU.

A specialized and vulnerable population that has been
the focus of a longstanding debate involving inhaled med-
ical gases are infants with single-ventricle physiology (ie,
hypoplastic left-heart syndrome). Historically, the goal in

the management of these complex infants has been to in-
crease pulmonary vascular resistance to reduce pulmonary
blood flow and thus augment systemic blood flow. The 2
methods to increase pulmonary vascular resistance have
been to administer either carbon dioxide or nitrogen via
the inspiratory limb of the ventilator. Carbon dioxide is a
potent pulmonary vasoconstrictor, whereas supplemental
nitrogen creates a hypoxic gas mixture that promotes pul-
monary vasoconstriction. These approaches have been well
reported in the medical literature.41-45 To optimize patient
safety, comprehensive monitoring systems and carefully
considered policies and procedures should be in place be-
fore utilizing either of these inhaled therapies.

It should be stressed that the use of hypercarbic or hy-
poxic gas therapy in infants with single-ventricle physiol-
ogy has become increasingly rare with advances in the
preoperative and postoperative management of these in-
fants. Preoperatively, most of these infants can balance
their pulmonary/systemic blood flow ratio without inter-
vention. Postoperatively, advances in medical and surgical
management have made hypercarbic or hypoxic gas ther-
apy rarely indicated.

Gentile intrigued the conference attendees with his de-
scription of 2 gas therapies not yet ready for clinical use:
inhaled carbon monoxide (CO) and inhaled hydrogen sul-
fide (H2S). Recent investigations discovered that low-con-
centration inhaled CO is an important vascular paracrine
factor. Models of ventilator-induced lung injury, aspira-
tion, hyperoxia, and ischemia/reperfusion injury found that
inhaled CO benefited several pulmonary disorders.46-50

Over the past few years, the role of H2S as a physiologic
messenger has become a focus of scientific investigation.
Although the preclinical data describing H2S-induced “sus-
pended animation” are promising, extensive further inves-
tigation is required prior to any clinical application for the
management of shock and other critical illnesses.

Gentile concluded that inhaled medical gases have be-
come integral to the care of neonatal and pediatric patients.
To improve gas exchange and to provide physiologic ben-
efit while other therapies are explored or implemented,
inhaled gases will continue to play an integral role in the
respiratory care of critically ill patients. INO (beyond the
neonatal population) and heliox will probably see variable
use as ICUs interpret and apply the available data differ-
ently. Inhaled anesthetic will continue to be used only
rarely in the ICU. It is too early to predict whether CO and
H2S will prove beneficial in critically ill patients.

Resuscitation in the Delivery Room:
Lung Protection From the First Breath

Our focus then moved to the delivery room. Resuscita-
tion is required in approximately 10% of the more than
100 million infants born annually worldwide. The resus-
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citation techniques, including positive-pressure ventilation
and supplemental oxygen, can have adverse pulmonary
effects, and increasing attention has been applied to pro-
viding lung protection from the first breath.

Tom Wiswell, a pioneer in neonatal resuscitation, pro-
vided an insightful overview of the available evidence on
delivery room management to avoid lung injury.51 Based
on animal and human research, several mechanisms have
been described that could injure lungs during our newborn
resuscitative efforts.52

Volutrauma refers to lung overdistention caused by as-
sisted ventilation. Inflammation and physical damage may
be consequences. Even a few large manual breaths can
cause injury, and high FIO2

can be toxic to the lungs. High
FIO2

produces oxygen free radicals such as superoxide,
hydrogen peroxide, and hydroxyl radical. Several studies
of outcomes in neonates resuscitated with FIO2

of 1.0 ver-
sus room air in the delivery room setting have indicated
that using room air as the starting point during resuscita-
tion resulted in similar short-term outcomes to 100% ox-
ygen.

Sorely lacking in all of the available studies are out-
come data on major morbidities: chronic lung disease,
persistent PH, intracranial hemorrhage, cerebral-white-
matter injury, necrotizing enterocolitis, patent ductus ar-
teriosus, and retinopathy of prematurity. Based on several
reviews of the available evidence, there is no consensus on
what FIO2

to use initially during resuscitation, and the avail-
able guidelines have wavered. The 6th edition of the Text-
book of Neonatal Resuscitation (recently published by the
Neonatal Resuscitation Program in conjunction with the
American Academy of Pediatrics and the American Heart
Association) includes a table of target pre-ductal satura-
tions to aim for during resuscitation.52 If an infant’s oxy-
gen saturation is below the lower limit at specified time
points, it is recommended that oxygen should be admin-
istered via a blender, for an FIO2

sufficient to achieve the
target SpO2

. In term infants the Textbook of Neonatal Re-
suscitation advocates, but does not mandate, using room
air at the initiation of resuscitation.

Although there are many anecdotal reports that the rou-
tine use of CPAP or PEEP in the delivery room in preterm
infants appears promising, the data are less than compel-
ling; the available data indicate that neither CPAP nor
PEEP in the delivery room affect the major outcomes death
and BPD. And in term-gestation infants there are virtually
no scientific data on delivery room CPAP or PEEP. As
such, it has been suggested that the use of CPAP or PEEP
should reflect local expertise and preferences. Sustained
inflations for the first several breaths of manual ventilation
is a popular method to assist the formation of functional
residual capacity during resuscitation. Although sustained
inflations appears to be an intriguing method of opening
the lung, Wiswell does not believe the available data sup-

port the use of sustained inflations during delivery room
resuscitation.

Surfactant replacement therapy is frequently adminis-
tered in the delivery room to premature neonates. There is
currently no consensus reported by the Neonatal Resusci-
tation Program on the timing of surfactant administration
in the delivery room, so clinicians have to make their own
decisions on the timing of surfactant therapy in preterm
infants.

Prevention of meconium aspiration syndrome has long
been a goal in the delivery room. Approximately 12–15%
of all newborn infants are born through meconium-stained
amniotic fluid, and 3–10% of those develop meconium
aspiration syndrome. Meconium inactivates endogenous
surfactant and can directly injure lung parenchyma and
cause necrosis and hemorrhage. Multiple delivery room
maneuvers have been tried to prevent meconium from en-
tering the trachea and lower airways. For a 25-year period
starting in the mid-1970s, the routine teaching was to in-
tubate all meconium-stained infants, to suction the trachea.
Early evidence suggested intrapartum (ie, prior to delivery
of the thorax) suctioning of the oropharynx and nasophar-
ynx of meconium-stained infants, but, based on the find-
ings from several large studies, it is now suggested that no
data clearly support that approach. Wiswell suggested that
a vigorous meconium-stained infant does not need intuba-
tion or tracheal suctioning, whereas a non-vigorous meco-
nium-stained infant should be suctioned via an endotra-
cheal tube. If the intubation attempt is prolonged and
unsuccessful, bag-mask ventilation should be considered,
particularly if there is bradycardia.

Guidelines for neonatal resuscitation continue to be mod-
ified based on the best available evidence. According to
Wiswell’s review, there are inconsistencies across delivery
room care that remain to be addressed. Hopefully, well
designed future studies with large numbers of infants will
help eliminate those inconsistencies.

Surfactant: Neonates and Beyond

Surfactant replacement therapy reduces surface tension
in the lungs, improves gas exchange and compliance, in-
creases functional residual capacity, and reduces work of
breathing. Clinical trials in the 1980s unequivocally dem-
onstrated that exogenous surfactant improved survival and
decreased morbidity in premature neonates with RDS. In
the first year after FDA approval of surfactant therapy
there was a notable decrease in neonatal mortality, primar-
ily related to improved survival of preterm infants. Thus,
surfactant replacement has become routine for the preven-
tion and treatment of infant RDS and other causes of neo-
natal ALI. The role of surfactant in lung injury beyond the
neonatal period, however, has proven to be a more com-
plex topic.
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Doug Willson focused much of his presentation on the
role of exogenous surfactant for ALI and ARDS in larger
infants and children.53 Willson described the current situ-
ation with surfactant administration for this patient popu-
lation. Additional clinical trials are needed before wide-
spread use of surfactant beyond the neonatal period can be
routinely recommended.

Relative surfactant deficiency, dysfunction, and inhibi-
tion all contribute to the disturbed physiology seen in ALI
and ARDS, so exogenous surfactant seems a plausible
therapy, but it has been less effective in pediatric and adult
ALI/ARDS than in RDS, where simple deficiency is caus-
ative. The apparent lack of efficacy in the non-neonatal
population may relate to inadequacy of pharmaceutical
surfactants, insufficient dosing or drug delivery, poor drug
distribution in the lung, or simply an inability of the drug
to substantially impact the underlying pathophysiology of
ALI/ARDS (ie, surfactant dysfunction and inhibition).
There are several different surfactant formulations (eg,
synthetic preparations and natural surfactants derived from
lavaged animal lung or processed animal lung tissue), and
it is unclear which of these will prove most useful in
pediatric ALI/ARDS patients.

Both animal and human studies suggest that direct types
of ALI (eg, aspiration, pneumonia) are more responsive to
surfactant therapy than the indirect types (eg, sepsis, pan-
creatitis). A potential benefit of early exogenous surfactant
may be to minimize or ameliorate ventilator-induced lung
injury. Improved compliance and better alveolar aeration
at lower pressure and VT from early surfactant adminis-
tration may stop the vicious circle of ventilator-induced
injury (lung injury requires increased ventilator support,
which causes further lung injury), but additional data are
required to confirm this speculation.

Willson reviewed the pertinent animal data on surfac-
tant in ALI/ARDS. Animal studies, though only descrip-
tive from a scientific perspective, have helped to elucidate
surfactant efficacy and administration, and remain indis-
pensible for investigating and optimizing surfactant deliv-
ery, dosing, timing of therapy, surfactant composition, and
lung distribution. Questions of safety and clinical efficacy
ultimately require clinical studies. A substantial number of
uncontrolled and controlled trials have documented clini-
cal benefits from surfactant therapy in term infants, chil-
dren, and adults with acute respiratory failure. Despite
those studies’ relatively small size and mixed findings, the
sum of their findings is that there are several specific
indications where the evidence for surfactant therapy in
acute pulmonary injury is promising. However, the expe-
rience with surfactant in adults with ALI/ARDS has been
much less encouraging than in younger patients.

A recent blinded controlled pediatric ALI/ARDS study
by Willson et al8 found that calfactant (versus placebo)
was associated with immediate oxygenation improvement

and a significant survival advantage. In a post hoc analy-
sis, the benefits of surfactant therapy were confined to the
98 patients who had direct pulmonary forms of ALI/ARDS,
which prompted a larger prospective study, the Calfactant
for Direct Acute Respiratory Distress Syndrome (CARDS)
trial (http://clinicaltrials.gov/ct2/show/NCT00682500),
which was a prospective masked RCT of calfactant versus
placebo in children and adults with ALI/ARDS from direct
lung injury. The study was carried out in more than 30
centers in the United States, Canada, Korea, Israel, Aus-
tralia, and New Zealand. The data analysis is incomplete,
but, unfortunately, both the adult and pediatric arms of the
study have been stopped because of futility. The reasons
for the failure of the CARDS trial after the success of the
previous trial by Willson et al8 remain to be elucidated.

Willson explained that ALI/ARDS is multi-faceted and
complex, and has great potential for combination thera-
pies. The use of exogenous surfactant in conjunction with
other modalities to simultaneously attack different aspects
of ALI/ARDS pathophysiology may prove to be synergis-
tic—not unlike the use of combination chemotherapy for
various types of cancer. The combined use of drugs, in-
cluding surfactant, low-VT ventilation, and careful fluid
management, may prove beneficial.

In summary, the jury is still out with respect to the use
of surfactant therapy in children and adults with ALI/ARDS.
Although several negative studies exist, we must consider
the perspective of history: the first trials of surfactant ther-
apy for neonatal RDS were unsuccessful because they used
ineffective surfactants and delivery methods. It was more
than 2 decades after surfactant deficiency was first sug-
gested as the cause of RDS before successful treatment of
premature infants with exogenous surfactant occurred.
Finding the most successful surfactant interventions, de-
livery methods, and combination therapies for ALI/ARDS
may simply require more time. Further study, and perhaps
the development of more robust pharmaceutical surfac-
tants, offer promise that exogenous surfactant will find a
place in our armamentarium for the treatment of ALI/
ARDS.

Asthma 2015 and Beyond

Tim Myers provided a very comprehensive discussion
of status asthmaticus, including some provocative thoughts
for the future.54 Unlike many of the other topics presented,
the field of pediatric asthma has substantial definitive data
to guide clinical management.54

Any discussion of asthma must involve the epidemiol-
ogy and pathophysiology. There is a clear disproportion
among the general population; however, it remains unclear
whether this finding is predominantly genetic or environ-
mental. Myers concluded that, “though science has not
found strong support for either hereditary or hygiene fac-
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tors, these theories have not been invalidated either. The
pathogenesis of asthma is probably related both to genetic
predisposition and to over-exposure or under-exposure to
viruses or other environmental factors.”55-62 As a related
topic, we must consider the various phenotypes of asthma,
as improved phenotype definition may help in identifying
risks factors for an exacerbation in a specific patient as
well as individualized management approaches. Myers
noted that asthma management guidelines are increasingly
recommending phenotype-specific treatment.

Diagnosis, assessment, and monitoring were another
clear focus of this discussion of pediatric asthma. Of im-
portance, asthma severity has been declining, and this im-
provement may be partially attributed to severity-based
treatment strategies.63 Other potential explanations for this
improvement trend include increased patient adherence to
maintenance therapy, advances in pulmonary monitoring,
and changes in management strategies. Myers noted that
antihistamines, xanthines, and cromones have virtually dis-
appeared from the routine asthma armamentarium. The
bases of today’s pediatric asthma management are chem-
ically refined derivatives of adrenaline and cortisone. The
newer formulations of these medications are much im-
proved in terms of adverse effects, but are still not perfect.
Inhaled corticosteroids have become the cornerstone of the
management of persistent asthma. A small minority of the
people with asthma account for the majority of asthma
healthcare utilization, so new treatments and approaches to
this refractory sub-population is a high priority.

Myers concluded with a very important discussion on
asthma education. He stressed that the effects of environ-
mental change in the prevention of asthma exacerbations
is intrinsically linked to education. Potential approaches
include Internet programs for home use, school-based in-
terventions that focus on self-management, and coalitions
and partnerships to focus on community-wide changes. A
supplement to the March 2009 issue of Pediatrics64 de-
scribed the need for standardization and collaboration, the
use of childhood asthma as a model to test a performance-
based system, and the need for evidence-based interven-
tions that tailor care to individuals as well as community-
wide characteristics.

Aerosol Delivery: An Old Topic With New Data

Bruce Rubin continued the discussion on airway man-
agement and disease with a lively discussion on new drugs
and delivery devices for neonatal and pediatric patients.65

Choosing the appropriate aerosol device, monitoring pa-
tient technique, assessing the response to therapy, and eval-
uating potentially better drug formulations are important
activities in which the respiratory clinician must remain
competent. Keeping up with the rapidly growing body of
evidence on devices, drugs, and delivery techniques can be

a daunting task. An additional challenge is critically re-
viewing the evidence and determining whether these, often
costly, new therapies will actually improve drug delivery
and outcomes in patients.

Rubin began by discussing the more promising pediatric
devices that might make drug delivery more precise, less
wasteful, and easier for the youngest and most incapaci-
tated of patients. He elaborated on some of the newer
techniques used to deliver inhaled medications and even
dispelled a few myths about aerosol delivery to infants and
toddlers. Infants and toddlers who do not tolerate aerosol
delivery via mask will not do better with the blow-by
approach, as drug delivery to the distal airways is negli-
gible with blow-by. One available device delivers aerosol
to the small child via a hood that covers the child’s head
while the child is asleep. There is also an innovative sys-
tem that incorporates a pacifier into an aerosol mask, sooth-
ing the child who sucks on the pacifier to allow the mask
to rest on the face as the infant inhales through the nose.
A key point is that aerosol therapy works best if a patient
is breathing quietly.

Industry leaders have ushered in a new line of small-
volume liquid inhalers. The Respimat Soft Mist Inhaler is
a disposable, spring-loaded device that provides a high-
velocity bolus of medication that improves coordination
and medication delivery and may be easier to use than a
metered-dose inhaler with spacer. The Aeroneb Go, Om-
ron MicroAir, and Pari eFlow are examples of new vibrat-
ing-mesh aerosol devices that can be optimized for differ-
ent drugs by adjusting the pore size of the mesh, the aerosol
chamber size, the reservoir size, and the output rate. The
AeroEclipse is a breath-actuated nebulizer that delivers
aerosol only during inspiration and, thus, may be most
useful in terms of conserving drug. This device is triggered
by a valve, and it remains unclear whether very small
patients can trigger such devices effectively.

Breath-controlled nebulizers have servo-controlled med-
ication delivery that is based on the measured inspiratory
flow pattern, to assure that drug is being delivered to the
small airways. Adaptive aerosol delivery is a multiple-
breath technology developed by Philips-Respironics; the
device is preprogrammed with the inhalation dose, and a
computer “learns” how the patient is breathing and adapts
to changes in the breathing pattern, averaged over several
breaths. These highly efficient devices are costly and may
be better suited for delivering expensive drug formula-
tions, so their role in delivering less expensive drugs is less
clear. Additional studies are required to determine their
clinical efficacy, efficiency, and cost-effectiveness.

Inhaled antibiotics and antivirals are increasingly being
used to treat difficult or persistent airway infections, ven-
tilator-associated pneumonia, and drug-resistant tubercu-
losis. Inhaled liquid antibiotic formulations can provide a
high concentration of antibiotic to the distal airways, po-
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tentially with fewer adverse effects than systemic (ie, in-
travenous) antibiotic administration. Many new and excit-
ing inhaled antimicrobials are being developed for aerosol
use, including quinolones (eg, ciprofloxacin and levofloxa-
cin), aminoglycosides (eg, gentamicin and neomycin), and
antifungal agents. Several novel inhaled powder drugs com-
posed of engineered particles were also presented. These
powdered antibiotic preparations are composed of potent
particles that may prove to be more useful than liquid
preparations in patients with persistent airway infections.

Rubin discussed anti-inflammatory drugs for patients
with cystic fibrosis, as well as inhaled peptides (eg, gran-
ulocyte-macrophage colony-stimulating factor) for treat-
ing pulmonary alveolar proteinosus. Other large peptides
for airway delivery might include gene-transfer therapy
with complimentary DNA delivered as an aerosol in a
vector package to affected cells. This gene-transfer-ther-
apy strategy is under development for cystic fibrosis. There
are a number of medications available to treat PH, includ-
ing drugs that increase nitric oxide, inhibit endothelin, or
activate phosphodiesterase. Among these are the prosta-
cyclin analogues epoprostenol and iloprost, which are well
accepted as nebulized medications for treating severe PH.
These drugs may provide a reduction in pulmonary vas-
cular resistance similar to that of INO, but at lower cost.
Prostacyclin analogues with longer half-life (eg, trepros-
tinil) and controlled-release formulations are in clinical
development.

There have been dramatic advances not only in the med-
ications that are being administered via aerosol but in the
devices available for aerosol delivery. The future for new
devices and new drugs appears very promising.

Airway Maintenance and Clearance:
How to Stay Out of Trouble

Brian Walsh presented a detailed discussion on airway-
clearance techniques and physiology.66 Echoing the com-
ments made by several of the earlier presenters, Walsh
commented on the lack of definitive pediatric data. There
are substantial hurdles to doing well designed RCTs of the
effectiveness of airway-clearance techniques, although the
potential pediatric study population for airway-clearance
research is substantially larger than that for ALI. In study-
ing airway-clearance techniques it is difficult, and in some
cases impossible, to blind the intervention. Additionally,
many of the techniques are affected by patient coopera-
tion, which is greatly affected by patient age and the in-
dividual characteristics of each child. Also complicating
this topic is that data are less easily extrapolated from
adults to children. Children, as compared to adults, have a
greater density of submucosal glands, more acidic mucus
(which may lead to higher viscosity), more compliant chest

wall, lower functional residual capacity, a greater tendency
for airways to collapse, and fewer collateral airways.

Walsh reminded us of some of the basic principles of
airway suctioning. Both closed and open suctioning will
de-recruit lung: that is, negative pressure is negative pres-
sure! Thus, suctioning a patient immediately prior to
extubation may not be an ideal approach.67 Data are cur-
rently lacking to demonstrate that post-suctioning recruit-
ment maneuvers are helpful. However, the recruitment ma-
neuvers used in the studies may have been inadequate.68

Various airway-clearance techniques and strategies were
reviewed, including insufflation-exsufflation, intrapulmo-
nary percussive ventilation, mucolytics (eg, dornase alfa),
bicarbonate as an airway buffer, and nebulized hypertonic
saline. These approaches have been variably effective and
are detailed in his review.

Airway maintenance should include supporting normal
physiology, including appropriate humidity, promoting nor-
mal ciliary function, preventing airway collapse, encour-
aging a normal cough response, and maintaining the lung
environment as normal as possible. When choosing an
airway-clearance modality the clinician should ask: Is there
a physiologic rationale for the therapy? Is the patient truly
experiencing difficulty clearing secretions? If so, are re-
tained secretions adversely affecting lung function? What
are the potential adverse effects of the proposed airway-
clearance therapy? Is the cost of the therapy reasonable for
the expected benefit? What is the preference of the patient
and his or her family?

Remember that, since we lack evidence that any airway-
clearance technique is superior to another, patient or fam-
ily preference should be an important consideration. Walsh
concluded with an important take-home message, that air-
way-clearance practices need to evolve based on high-
quality research, so we can be sure that the techniques are
not unnecessarily contributing to the high cost of health-
care or, more importantly, causing harm to patients.

ECMO: Moving at the Speed of Light

Heidi Dalton provided a state-of-the-art presentation on
the life-saving strategy of ECMO for refractory cardiac
and/or respiratory failure.69 Much has been learned from
the ECMO experience of the over 45,000 patients in the
Extracorporeal Life Support Organization registry (http://
www.elso.med.umich.edu).

The technological advances in the field of extracorpo-
real life support rival any other in neonatal-pediatric re-
spiratory care over the past decade. The most important of
these advances include centrifugal pumps, hollow-fiber
oxygenators, and improved double-lumen venous cannu-
las. These technologies are now available for even the
smallest of ECMO patients. Centrifugal pumps lower the
risk of hemolysis, allow for smaller priming volumes, and
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decrease pump setup time. Hollow-fiber oxygenators have
a lower resistance, can be bio-coated or heparin-coated,
and also have smaller priming volume. The improved dou-
ble-lumen venous cannulas have allowed more use of veno-
venous ECMO and, in some cases, percutaneous insertion.

Dalton reviewed some of the recent trends in neonatal
and pediatric ECMO. One of the most striking recent find-
ings was about the relationship between survival and pre-
ECMO duration of ventilation. Traditionally, one ECMO
criterion was that the patient had received less than
7–10 days of substantial ventilator support prior to ECMO
cannulation. However, recent data support a pre-ECMO
duration of ventilation of up to 14 days.70 Other trends
include the increasing use of ECMO in older children and
adults, incidence of comorbidities in ECMO patients, use
of veno-venous ECMO, and the use of ECMO during
cardiopulmonary resuscitation. Note, however, that the data
on long-term neurologic outcomes in patients who un-
dergo ECMO during cardiopulmonary resuscitation are still
preliminary.

As clinicians look to the future of ECMO, Dalton of-
fered several speculations. An increase in the use of ECMO
in adults should be anticipated in follow-up to the Con-
ventional Ventilation or ECMO for Severe Adult Respi-
ratory Failure (CESAR) study.71 Also likely are decreased
sedation use, increased physical rehabilitation, and in-
creased use of ambulatory ECMO.72 With the simplifica-
tion of ECMO systems we soon may no longer need a 1:1
nurse and ECMO specialist to patient staffing ratio, which
would improve resource allocation.73 Moving into the field
of ethics, Dalton discussed the controversial use of ECMO
for organ preservation. She clearly indicated that with re-
gard to this application, ethical considerations have not yet
caught up with technology.

Dalton concluded her presentation with a request to “re-
frame ECMO” and stressed that ECMO should not be a
result of desperation, but should be another tool in the
clinician’s toolbox. ECMO is much less complex today
than just a few years ago, and is becoming less complex
every day. There is not much doubt that the field of ex-
tracorporeal life support will continue to expand at an
impressive pace in terms of technology and potential pop-
ulation base.

Disaster Planning for Pediatrics

The final talk, on pediatric trauma, was given by Rich
Branson.74 He highlighted the deficiencies in preparedness
for pediatric trauma throughout the country and abroad.
This presentation highlighted the key differences between
pediatric and adult patients, which require different disas-
ter-planning strategies. Anatomically, children have a larger
head-to-body ratio and therefore a greater likelihood of
head injury. The greater surface area of a child relates to

the potential for larger evaporative fluid losses. Other key
differences are that children are inherently closer to the
ground and are often found in close groups (eg, schools).
When adult clinicians manage pediatric patients, we must
remember that normal vital signs not only differ by age
and weight but are affected by anxiety and fever, so nor-
mative vital-sign charts may be difficult to apply to an
individual pediatric patient.

Although many worry about mass disasters and focus
planning on these rare scenarios, Branson eloquently
stressed the importance of the “n of 1” disaster, meaning
that one critically ill child in an adult clinical environment
that is not equipped for pediatrics could quickly become a
disaster. Adult hospitals and emergency departments are
often not child-friendly because the personnel may lack
pediatric-specific training, child-size equipment, pediatric
dosing recommendations, or pediatric triage tools. Addi-
tionally, few general hospitals provide training in pediatric
emergencies, and less than 6% possess a full complement
of child-appropriate equipment, medications, and sup-
plies.75-77 Branson discussed whether sick children can be
managed as adult patients, and said that the answer de-
pends on the specific hospital, the child’s age and weight,
and the pathophysiology of the disease or injury.

The bottom line recalls once again the clinical adage
that children are not simply small adults. Although chil-
dren make up approximately 22% of the United States
population, pediatrics is grossly underrepresented in disas-
ter planning. Children have unique physiology and patho-
physiology, compared to adult patients/victims. There is
clearly an urgent need for increased pediatric representa-
tion in local, regional, and national disaster preparedness
programs.

As a nation, we must invest in increased capacity of our
emergency system; promote consistent day-to-day pediat-
ric readiness with routine education programs and train-
ing; build on the strength of existing systems; improve
pediatric readiness of emergency response teams; and re-
move barriers to study, authorization, and deployment of
pediatric-specific equipment, supplies, and medications.
Additionally, it is essential that the appropriate agencies
assure that shelters are child-friendly and must immedi-
ately improve child identification and family-reunification
programs. Branson concluded by saying that children
clearly need more of a national voice in disaster prepared-
ness.

Conclusions

It is clear that we need additional neonatal and pediat-
ric-specific RCTs on all of the topics presented. Although
we have definitive data in some areas, in many other areas
of neonatal-pediatric respiratory care the questions still
greatly outnumber the available answers. When consider-
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ing the various topics discussed we must always consider
the balance between safety and efficacy. When safety data
exist without efficacy data, uncontrolled variables include
the knowledge, experience, and support available in an
individual patient care environment.

The primary goals of this Journal Conference were to
review the available data, technology, and practice pat-
terns for a variety of neonatal-pediatric topics, and, more
importantly, to share thoughts and speculations for the
future of the field. We hope the information presented and
discussed will enable clinicians to make better-informed
decisions. The topics chosen were intended to provoke
thought, stimulate discussion with speculation for the fu-
ture, and encourage further rigorous scientific investiga-
tion. The first and second goals have been at least partially
achieved. It is our hope that this Journal Conference will
lead to the accomplishment of our third goal in the near
future.

As stated at the outset, we are extremely grateful to the
contributing faculty of the 47th RESPIRATORY CARE Journal
Conference for their dedication, expertise, enthusiasm, and,
of course, willingness to share their tremendous knowl-
edge and experience. The success of this conference was
due to the outstanding panel of contributing experts. We
also very much appreciate the support the entire staff of
RESPIRATORY CARE, along with the American Respiratory
Care Foundation, for their assistance with and sponsorship
of this very important Neonatal-Pediatric Journal Confer-
ence. This was truly an outstanding experience for all of
the participants. We are hopeful that this issue of RESPI-
RATORY CARE has conveyed the excellent presentations and
discussions among the panel of experts and will help cli-
nicians to further improve the respiratory care of their
patients.
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