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Decision making in pediatric ARDS

Randall P. Flick

Care of the patient with the Acute Respiratory
Distress Syndrome (ARDS) has undergone drama-
tic change since the syndrome was first described
by Ashbaugh more than thirty years ago (1). With
advances in management has come a decline in
mortality.  Recent reports suggest a mortality of less
than 40% down from greater than 70% not more
than twenty years ago (2-6).  Mortality from ARDS
in children has fallen along with that for adults.  In
an as yet unpublished multicenter study mortality
was as low as 15% (7).

The reasons for the observed decline in mortali-
ty for both children and adults is by no means clear.
However one can speculate that improvements in
supportive care, an expansion of effective treatment
options and more effective strategies for mechani-
cal ventilation have, without a doubt, been major
contributors.

It is in the care of children with ARDS that the
greatest number of therapeutic options seems to
exist.  They include lung protective modes of venti-
lation, nitric oxide, high frequency oscillatory ven-
tilation and extracorporeal life support as well as
several others.  The pediatric intensivist is often fa-
ced with a series of decision points in the care of the
child with severe unrelenting ARDS.  He or she must
decide when to abandon one treatment option in
favor of another.  For example, when does the in-
tensivist abandon conventional ventilation in favor
of HFOV or should nitric oxide be used before con-
verting from conventional to HFOV.  The follo-
wing case illustrates some of the therapeutic dilem-
mas facing the intensivist caring for the child with
severe ARDS and discusses some of the various
management options currently available.

J.R., a 17 month old with a history of common

variable immune deficiency was admitted to an out-
side hospital with respiratory distress and fever.  He
was noted, at that time, to be in significant distress
with tachypnea and extensive use of accessory
muscles.  Room air oxygen saturation was approxi-
mately 80%.  He was subsequently endotracheally
intubated and transferred to the pediatric intensive
care unit at the Mayo Clinic.

In the PICU he was found to have diffuse bilate-
ral pulmonary infiltrates, a PaO

2
 of 40-50 torr with

a FiO
2
 of 1.0 on a PEEP of 14.  Hemodynamics

was stable and there was no history of heart disease.
After placement of a central venous line the central
pressure was found to be 15-17 mm Hg.  He was
treated with broad-spectrum antibiotics, sedated,
pharmacologically paralyzed and mechanically ven-
tilated.

Initial ventilator settings were volume targeted
with set tidal volumes of 8-10 ml/kg, PEEP of 5 cm
H

2
O, rate of 25 and FiO

2
 of 1.0.  Response was

poor and PEEP was progressively increased to15 cm
H

2
O again with no improvement.  An extended

inspiratory period reduced tidal volume strategy was
then employed using pressure targeting with peak
airway pressures of 35 cm H

2
O, PEEP of up to 20

cm H
2
O and permissive hypercapnia.  PaO

2
 re-

mained unsatisfactory with development of a prog-
ressive metabolic acidosis.

Nitric oxide was then added to the inspired gas
mixture at a concentration of 2 ppm rapidly titra-
ted to a maximum of 30 ppm without significant
benefit.  The child, at that point had been intuba-
ted for 5-6 hours and in the PICU for about 2-3
hours.  NO was discontinued and the patient was
placed on HFOV.  Initial settings were MAP 35 cm
H

2
O, frequency 15 Hz, Amplitude 65 and a FiO2
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of 1.0.  Response was disappointing prompting a
reassessment.

Options discussed at that point included use of
surfactant, ECMO and a second trial of NO.  Ste-
roids were given, inotropes were added, intravascu-
lar volume was maximized and a cardiac echo was
obtained and was normal.  Despite this the SaO

2

remained less than 80% with an increasing base
deficit

2 ml/kg of bovine surfactant was given at that
point and the ECMO team was alerted.  Following
the instillation of surfactant NO was again added
and titrated to 30 ppm.  Mean airway pressure on
the Sensormedics oscillator at that time remained
at 35 cm H

2
O.  Following this, the child’s conditi-

on seemed to stabilize and then slowly improve.  He
was weaned from NO after 3 days and converted
back to conventional ventilation after an additio-
nal 2 days.  He was ultimately extubated on hospi-
tal day 9 and discharged 8 days later.

This case illustrates some of the many therapeutic
options and decision points that currently exist in
the care of the pediatric ARDS patient.  Most of
these options were either employed or at least con-
sidered in this case.  Some of the modalities are wi-
dely employed and accepted, others are less well ac-
cepted but are nonetheless frequently used in situa-
tions where options are, or appear to be, limited.
Unfortunately few of the strategies employed have
unequivocal support within the body of literature
that pertains to the care of the pediatric ARDS pa-
tient.  In the remainder of this report I will briefly
discuss each of the several modalities employed in
this child’s care emphasizing the evidence either for
or against it’s use both in this case and in the treat-
ment of pediatric ARDS in general.

Traditional approaches to mechanical ventilati-
on of patients both with acute lung injury and wit-
hout have been characterized by the use of volume
targeted ventilation adjusted to maintain as closely
as possible normal arterial blood gases.  In the set-
ting of ARDS this was difficult if not impossible
without the use of high inspired concentrations of
oxygen, very large tidal volumes and consequently
high airway pressures.  The use of positive end inspi-
ratory pressure (PEEP) was subsequently increasing-
ly employed as a means of maintaining lung volu-
me and increasing mean airway pressures.  Strate-
gies employing high FiO

2
, large tidal volume (10-

15ml/kg) and/or high PEEP were subsequently re-
cognized to have adverse pulmonary and hemody-

namic consequences leading to the development of
so-called lung sparing or non-traditional forms of
mechanically ventilating the ARDS patient (8,9).

Key to the development of alternative strategies
of ventilating the ARDS patient has been improve-
ments in the understanding of the physiology of the
acutely injured lung and the effects of high FiO

2
,

alveolar overdistension and repeated rapid expansi-
on of previously collapsed alveoli.

First recognized was the effect of high inspired
concentrations of oxygen on the injured lung.  Stu-
dies carried out in the ‘60s and ‘70s convincingly
demonstrated that high FiO2s for prolonged peri-
ods invariably led to a progression of preexisting
acute lung injury and could be shown to produce a
clinical and pathological picture indistinguishable
from that seen in ARDS (10,11).

Subsequently, studies followed demonstrating
that high airway pressures or more specifically alve-
olar overdistension could also be shown to produce
a clinical syndrome indistinguishable from ARDS
(9,12,13). The widespread recognition that total
lung capacity is achieved at alveolar pressures of
approximately 30-35 cm H2O provided an impor-
tant clinical benchmark to allow clinicians to limit
alveolar overdistension and the ventilator induced
lung injury (VILI) that results.

Studies by Gattinoni and others have clearly de-
monstrated the inhomogeneity of the injured lung
in ARDS and popularized the concept of the small
or “baby” lung (14,15). The merging of the con-
cepts of the small lung in ARDS and the need to
limit alveolar overdistension by restricting alveolar
pressures has inevitably led to discarding the tradi-
tional approach to ventilation in favor of one that
employs smaller tidal volumes (6-8 ml/kg).  Howe-
ver, employing a small volume strategy places one
in the position of either accepting a substantial
reduction in minute ventilation or substituting
higher ventilator rates in order to achieve the same
minute ventilation.  Acceptance of the relatively
benign nature of hypercapnea and the potential for
alveolar injury that is produced by rapidly expan-
ding and collapsing injured alveolar was the final
step leading to the now increasing accepted strategy
of ventilation favored in both adults and children
with acute lung injury (16,17).

The strategy of pressure targeted extended duty
cycle mechanical ventilation in combination with
permissive hypercapnia has now become the ac-
cepted mode of ventilation in ARDS.  This approa-
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ch gained favor over the past decade despite a lack
of convincing evidence of its efficacy.  However,
more recent studies have clearly demonstrated the
advantages of this strategy (18-20).

The convincing nature of these studies has, I be-
lieve, resolved the question of when to institute the
non-traditional form of ventilation.  In my view the
use of a small volume, extended duty cycle strategy
should be employed as soon as the patient is recog-
nized to have acute lung injury, require mechanical
ventilation and have no contraindications (i.e. inc-
reased intracranial pressure).

In this case an attempt to improve arterial oxy-
genation using progressive increases in PEEP was
employed and rapidly abandoned in favor of an
approach utilizing an extended duty cycle, tidal vo-
lume of about 6 ml/kg, decelerating flow pattern, a
low ventilator rate and modest PEEP.  Several re-
cent studies have demonstrated convincingly the
advantages of this approach (21,22).  Most recent
and convincing is the report by the ARDS Network
released by the New England Journal of Medicine
prior to its publication date.  This adult study com-
pared a reduced tidal volume (6ml/kg) ventilation
strategy with a traditional approach using 12 ml/kg
in 861 patients.  Ventilator pressures in the two
groups were limited to 30 and 50 cm H2O respec-
tively.  The trial was stopped early as the major out-
comes, death and ventilator days, were significantly
lower in the reduced volume group.  Similar studies
in children are for the most part lacking although
most practitioners seem to have adopted a reduced
tidal volume approach to mechanical ventilation in
children with ARDS.

The decision to either abandon conventional
ventilation or add an additional therapy such as ni-
tric oxide is a difficult one.  In this case the child
clearly failed to respond in the short term and the
clinical course seemed to suggest continued worse-
ning of his condition was likely.  Had the child not
been so unstable, with worsening acidosis and hy-
poxemia one may have had the luxury of waiting.
Indeed the argument could be made that the redu-
ced tidal volume strategy adopted requires a sus-
tained trial in order to provide time to recruit func-
tional lung.  It is impossible to know whether, in
this case, the child would have improved simply by
waiting while lung volume was progressively rec-
ruited over time.  Those at the bedside felt compel-
led to consider additional therapies with nitric oxi-
de being the simplest and least invasive of the op-

tions.
The use of nitric oxide in the treatment of a va-

riety of conditions including ARDS in both adults
and children has been extensively studied (23-28).
In pediatrics it has been shown to decrease pulmo-
nary vascular resistance and improve oxygenation
in the setting of primary pulmonary hypertension
of the newborn PPHN, congenital heart disease,
infant respiratory distress syndrome as well as in
ARDS.  Unfortunately no large controlled trials in
adults or children have demonstrated a reduction
in ARDS mortality or other major endpoints such
as ventilator days.29  However, especially in the case
of PPHN, NO has been demonstrated to reduce
the need for ECMO, reduce mortality and decrease
major morbidity (30-32). This is true both when
combined with conventional ventilation or in con-
junction with HFOV.

The pathophysiology of ARDS includes deran-
gement in pulmonary reactivity leading to intrapul-
monary shunting and hypoxemia, pulmonary hy-
pertension that reduces cardiac output and oxygen
delivery.  Loss of normal pulmonary vasoreactivity
aggravates hypoxemia and pulmonary hypertensi-
on further reducing cardiac output and oxygen de-
livery.  Inhaled nitric oxide by specifically reducing
pulmonary pressure and improving ventilation –
perfusion matching decreases pulmonary hyperten-
sion and hypoxemia.  Since NO is specific and lo-
cal in it’s actions the problems of in increasing hy-
poxemia through worsening of V/Q matching and
systemic hypotension are avoided.  In children as in
adults with ARDS NO has been repeatedly de-
monstrated to decrease pulmonary pressures and
improve cardiac index as well as reduce hypoxemia
(33).

A large multicenter study carried out by Dellin-
ger compared inhaled NO with a placebo consis-
ting of nitrogen gas in a population of 177 adult
ARDS patients (29).  With doses of up to 80 ppm
he found an improvement in oxygenation in 60%
of NO patients versus 24% of control patients.
There was, however, no difference between the two
groups in survival or number of patients alive and
off mechanical ventilation at 28 days.

A similar study in children was carried out with
the specific aim of determining whether the impro-
vement in oxygenation afforded by the use of iNO
would, when employed early in the course of ARDS,
result in a lessening of the progression of the pul-
monary injury and a shortening of the disease course
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(34).  Children were eligible if the oxygenation in-
dex was greater or equal to 15.  Those randomized
to receive iNO were treated with 10 ppm for 3 days
with treatment failure defined as OI > 40 for three
hours or > 25 for six hours.  Unfortunately many of
the 108 patients were enrolled with an OI already
meeting criteria for treatment failure making it dif-
ficult to evaluate the primary endpoint.  Sub-analy-
sis showed improvements in oxygenation and less
progression in immune compromised patients with
a high OI at entry.  No benefit in mortality was
observed.

As yet no large studies to evaluate efficacy of iNO
have been carried out using ventilator strategies
emphasizing lung recruitment either with an exten-
ded duty cycle or HFOV.  Performing these studies
may confirm the benefits of iNO but are becoming
increasingly difficult as iNO becomes more widely
employed and accepted.

The clinicians involved in the care of this child
attempted to improve oxygenation with an initial
trial of iNO.  The trial was unsuccessful possibly
because an optimal recruitment of lung volume had
not been obtained.  Unfortunately the rapidly decli-
ning condition of the child precluded a more pro-
longed trial period prior to opting for a conversion
to HFOV.  In retrospect the conversion to HFOV
prior to the addition of iNO would have probably
provided the most benefit as was demonstrated la-
ter.

High frequency oscillatory ventilation is a wide-
ly accepted if not well studied alternative mode of
ventilation in pediatric patients with acute lung in-
jury (35-37).  HFOV can rapidly recruit lung volu-
me in pediatric patients up to about 40 kg.  This is
usually achieved with mean airway pressures appro-
ximately 5 cm H

2
O higher than that with conven-

tional ventilation.  Studies by Arnold and others
have demonstrated not only a sustained decrease in
OI with HFOV but also show the increased mean
airway pressure does not result in decreases in car-
diac output, or oxygen delivery (38).  Rates of ba-
rotrauma are likewise not increased in pediatric pa-
tients on HFOV despite the high mean airway
pressures.

With the institution of HFOV there was a small
improvement in oxygenation with saturation inc-
reasing from 70-75% to 75-80%.  Mean pressures
at that time were 35 torr and FiO

2
 was 1.0.  Pulmo-

nary consultation was obtained and recommended
the use of surfactant.  Subsequently 2 cc/kg of bovi-

ne surfactant (Survanta) were given via feeding tube
passed to the distal tip of the endotracheal tube.
Unfortunately no improvement was observed over
the ensuing 1-2 hours of HFOV.

The use of surfactant in ARDS has been and re-
mains controversial despite its success in reducing
mortality in neonates with infant respiratory distress
syndrome (39,40).  Surfactant, either Exosurf, Inf-
rasurf, and Survanta have somewhat different com-
positions and are administered by slightly different
methods but all are intended to improve lung comp-
liance in clinical situations where this is indicated.
Studies of adults and children with ARDS and ot-
her non-neonatal respiratory disease using exoge-
nous surfactant have yielded results that are less clear
(41).

Infants with bronchiolitis appear to have limi-
ted benefit from surfactant as do adults with sepsis
and ARDS (42,43).  However trials by Gregory and
Zarisky have demonstrated improvement in adults
and children with ARDS and hypoxemic respirato-
ry failure (44,45).  The small size of these studies
and low mortality make definitive conclusions prob-
lematic.  It would appear that the use of surfactant
has a place in the treatment of ARDS.  The lack of
clear evidence supporting its use tends to relegate
surfactant to the role of rescue therapy.  Neonatal
experience clearly suggests that surfactant is most
efficacious when given early in the course of dise-
ase.  This was not the case in the care of this patient
nor is it the case in most other pediatric patients
with ARDS.  Unlike neonates children often arrive
in the intensive care unit with well-established pul-
monary disease less likely to respond to treatment
with surfactant.  It could certainly be argued that a
better response would have been obtained in this
case had the surfactant been administered at the time
of endotracheal intubation.

Given the modest response to HFOV and lack
of response to the addition of surfactant a second
trial of iNO was undertaken with an improvement
in oxygenation that was sustained.  Inhaled nitric
oxide has been shown in the setting of PPHN to
have greater benefit when used in combination with
HFOV as compared to conventional ventilation
(30,46).  This appears to have been true in this case
as the oxygenation increased after NO was restarted
after HFOV failed to improve oxygenation.  The
efficacy of iNO is clearly enhanced by ventilation
strategies that are targeted to improving lung volu-
me recruitment.  In a multicenter trial of HFOV
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and iNO in neonates with PPHN from a variety of
pulmonary and non-pulmonary etiologies those
neonates with parenchymal lung diseases (IRDS)
benefited most from HFOV but frequently had furt-
her improvement with addition of iNO (46).

Prior to the improvement obtained through the
use of HFOV and iNO ECMO was considered and
the team alerted.  The role of extracorporeal mem-
brane oxygenation in the treatment of refractory
respiratory failure is uncertain despite a substantial
experience in a variety of settings.  Several studies
in pediatric patients with hypoxemic respiratory
failure have yielded mortality rates ranging from
40% to almost 70% with an overall survival rate of
62% among pediatric ECMO patients of all types
(47-50).  Evaluation of the use of ECMO in cases
of pediatric respiratory failure is difficult given the
small numbers available for study and the lack of
extensive experience with this patient population
at even the busiest ECMO center.  Only about 200
cases of pediatric respiratory failure are entered in
to the ELSO (Extracorporeal Life Support Organi-
zation) registry each year with most centers having
less than 5 pediatric cases of any kind in a given
year.  With improved survival of pediatric patients
with ARDS using more conventional therapies the
likelihood is that ECMO will remain a rarely emp-
loyed option reserved only for those clearly failing
all other treatments.

The use of ECMO in immune compromised
patients such as this child presents an even greater
level of uncertainty.  Outcomes of children with res-
piratory failure in the setting of immune deficiency
has been studied and found to be as low as 5% or
less (51).  Given the very small numbers and very
poor expected outcome the use of ECMO in this
population may be viewed as futile.  However, most
if not all of the patients in these series are children
with malignancies or have received bone marrow
transplantation groups that may not be representa-
tive of children with primary immunodeficiencies.
Individual patients such as this one may be ap-
propriate candidates for ECMO despite the poor
expected outcome in immunocompromised patie-
nts in aggregate.

This case demonstrates the complexity of decisi-
on making that exists in the care of the pediatric
patient with ARDS.  The survival of this child and
others like him is no doubt related to improvements
in fundamental critical care management along with
the availability of a range of therapeutic options dis-

cussed here.  Other therapies not employed in this
case include among others prone positioning, par-
tial liquid ventilation, inhaled prostaglandin, and
antioxidants such as borage seed oil.  As experience
with each of these therapies increase and additional
ones are added the intensivist can realistically ex-
pect a further reduction in mortality from ARDS
in children.  It seems unlikely; however, that the
bedside management of these children will become
less challenging as difficult decision-making will al-
ways be a necessary feature of their care.
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