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Summary

In patients with acute respiratory distress syndrome (ARDS), inhaled vasodilator can result in
important physiologic benefits (eg, improved hypoxemia, lower pulmonary arterial pressure, and
improved right-ventricular function and cardiac output) without systemic hemodynamic effects.
Inhaled nitric oxide (INO) and aerosolized prostacyclins are currently the most frequently used
inhaled vasodilators. Inhaled prostacyclins are as effective physiologically as INO and cost less.
Randomized controlled trials of INO in the treatment of ARDS have shown short-term physiologic
benefits, but no benefit in long-term outcomes. No outcome studies have been reported on the use
of prostacyclin in patients with ARDS. There is no role for the routine use of inhaled vasodilators
in patients with ARDS. Inhaled vasodilator as a rescue therapy for severe refractory hypoxemia in
patients with ARDS may be reasonable, but is controversial. Key words: acute lung injury; acute
respiratory distress syndrome; inhaled nitric oxide; prostacyclin; pulmonary hypertension. [Respir Care
2010;55(2):144–157. © 2010 Daedalus Enterprises]
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Introduction

Inhaled vasodilators have a localized effect in the lung,
known as selective pulmonary vasodilation. This means
that they dilate the pulmonary vasculature in well venti-
lated areas of the lungs, which reduces pulmonary arterial
pressure and pulmonary vascular resistance, and improves
ventilation-perfusion matching and oxygenation (Fig. 1).
The short half-life of inhaled vasodilators minimizes the
systemic effects, compared to intravenous, subcutaneous,
or oral administration.1 Pulmonary selectivity has been
reported in adult patients with acute respiratory distress
syndrome (ARDS) in studies that compared the effects of
inhaled nitric oxide (INO) and intravenous and inhaled
prostacyclin (alprostadil prostaglandin E-1 [PGE1]).2 INO
and either inhaled or intravenous prostacyclin had similar
effects on pulmonary arterial pressure, pulmonary vascular
resistance, cardiac output, and right-ventricular (RV) ejec-
tion fraction. However, in contrast to INO and inhaled
prostacyclin, intravenous prostacyclin caused systemic va-
sodilation, which lowered mean systemic arterial pressure
and worsened arterial oxygenation (Fig. 2). This deleteri-
ous effect on gas exchange was a result of non-selective

reversal of hypoxic pulmonary vasoconstriction, which in-
creases perfusion to non-ventilated alveoli.3-5

ARDS is characterized by lung inflammation, which
induces alveolar microvascular permeability, pulmonary
edema, and surfactant inactivation. Clinically, this results
in atelectasis, decreased lung compliance, hypoxemia, and
pulmonary hypertension.6-8 Pulmonary vascular obstruc-
tion from thromboemboli in ARDS increases pulmonary
arterial pressure and alveolar dead space, which can lead
to a cascade of events that further aggravate lung injury
(Fig. 3). The elevated pulmonary arterial pressure early in
ARDS can worsen RV function and lead to RV failure,
particularly in patients with preexisting pulmonary hyper-
tension and RV pathology (Fig. 4). In patients with ARDS,
inhaled vasodilators such as INO and prostacyclin can
increase PaO2

and decrease pulmonary arterial pressure,
but the use of inhaled vasodilators in patients with ARDS
is controversial. On one hand, inhaled vasodilators im-
prove gas exchange and hemodynamics. On the other hand,
inhaled vasodilators can be expensive, and a survival ben-
efit has not yet been reported. We will review the available
research, debate the pros and cons, and provide some prac-
tical advice about inhaled pulmonary vasodilators.

Inhaled Pulmonary Vasodilators

Vasodilators that have been administered via inhalation,
clinically and experimentally, include oxygen, nitric ox-
ide,9 milrinone,10 nitroglycerin,11-15 prostacyclins,16 nitro-
prusside,17 nitric oxide donors,18-20 phosphodiesterase in-
hibitors,21-23 endothelin receptor antagonists,24-26 and
agonists of soluble guanylate cyclase.27 The site and mech-
anism of action in the endothelium and smooth-muscle
cells of the pulmonary vascular bed differ between agents
(Fig. 5). INO9,28,29 and inhaled prostacyclins16 are the most
frequently used inhaled vasodilators. Inhaled vasodilators
reduce pulmonary arterial pressure and redistribute pul-
monary blood flow to ventilated lung regions, with little or
no systemic hemodynamic effect,2,9,30-32 so INO and in-
haled prostacyclins are selective pulmonary vasodilators.

Inhaled Nitric Oxide

INO was the first selective pulmonary vasodilator used
in humans. Soon after its mechanism was described ex-
perimentally it was introduced in clinical trials. In hypox-
emic term newborns with pulmonary hypertension, INO
decreases pulmonary hypertension, increases PaO2

, and de-
creases the need for extracorporeal life support. This led to
Food and Drug Administration approval of INO for new-
borns in 1999. According to the label, INO, “in conjunc-
tion with ventilatory support and other appropriate agents,
is indicated for the treatment of term and near-term
(� 34 weeks) neonates with hypoxic respiratory failure

Fig. 1. Effects of systemic vasodilation (from intravenous, subcu-
taneous, or oral administration) versus selective pulmonary vaso-
dilation (from inhalation). Systemic vasodilation affects all vascular
beds, thereby decreasing mean arterial blood pressure and wors-
ening oxygenation by increasing blood flow to poorly ventilated
alveoli, secondary to reversal of hypoxic pulmonary vasoconstric-
tion. Inhaled vasodilators selectively dilate pulmonary vasculature
adjacent to alveoli that are well ventilated, thus reducing pulmo-
nary arterial pressure while improving ventilation-perfusion match-
ing and oxygenation. However, spillover of long-acting inhaled
drug into poorly ventilated alveoli and into the systemic circulation
can worsen shunt fraction and systemic blood pressure. Q̇ � per-
fusion. V̇ � ventilation. HPV � hypoxic pulmonary vasoconstric-
tion. (Adapted from Reference 1.)
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associated with clinical or echocardiographic evidence of
pulmonary hypertension, where it improves oxygenation
and reduces the need for extracorporeal membrane oxy-
genation” (www.inomax.com/pdf/prescribing_information.
pdf). For this disorder, INO is standard accepted practice.
A Cochrane review concluded that it is reasonable to use
INO in an initial concentration of 20 ppm for term and
near-term infants with hypoxic respiratory failure who do
not have diaphragmatic hernia.33

INO has also been used for various off-label indications,
including hypoxemia and pulmonary hypertension associ-
ated with ARDS. Because of INO’s cost, required delivery
system, and potential toxicity, inhaled prostacyclins are
more attractive than INO for pulmonary vasodilation.

Inhaled Prostacyclins

The vasodilator effects of the inhaled prostacyclins,
epoprostenol (prostaglandin I-2 [PGI2]) and alprostadil
(PGE1) are nearly identical to INO. Several comparisons
have found similar2,30 or better31,32 physiologic effects (im-
proved PaO2

, reduced pulmonary arterial pressure) with
prostacyclins than with INO in patients with ARDS. In
infants with pulmonary hypertension following cardiac sur-
gery, intravenous epoprostenol was 6–10 times more po-
tent than alprostadil in reducing pulmonary vascular resis-

Fig. 2. Mean pulmonary arterial pressure, mean systemic arterial
pressure, cardiac index, and PaO2

with inhaled or infused prosta-
cyclin (at 10 � 1 ng/kg/min) or inhaled nitric oxide (INO) (at
7 � 1 ppm) in 10 adult patients with acute respiratory distress
syndrome. Panels B and D show the systemic hemodynamic and
oxygenation effects of the nonselective vasodilation caused by
intravenous prostacyclin. (Adapted from Reference 2.)

Fig.3.Pulmonaryvascularobstruction fromthromboemboli inacute
respiratory distress syndrome contributes to elevated pulmonary
arterial pressure, pulmonary hypertension, and alveolar dead-
space fraction. This can lead to a cascade of events that aggra-
vates lung injury from oxygen toxicity, the effects of positive end-
expiratory pressure, and mechanical ventilation.

ARE INHALED VASODILATORS USEFUL IN ALI/ARDS?

146 RESPIRATORY CARE • FEBRUARY 2010 VOL 55 NO 2



tance.34 In ranked order of ability to improve gas exchange
after experimentally induced pulmonary hypertension in
perfused rabbit lungs, inhaled epoprostenol appeared to
have a greater effect than did alprostadil35 When admin-
istered via face mask with an ultrasonic nebulizer, epopro-
stenol caused bronchospasm in asthmatics, but to a lesser

degree than alprostadil.36 Inhaled alprostadil was also found
to be less effective than inhaled epoprostenol in reducing
experimental pulmonary hypertension in sheep.37 Addi-
tionally, a low concentration of epoprostenol (10 ng/mL)
prevented localized thrombosis in rats following micro-
vascular anastamosis (10% vs 37% in controls), whereas a
higher concentration of alprostadil (250 ng/mL) was not
effective (67% vs 33% for controls).38 These findings sug-
gest different effects between inhaled epoprostenol and
inhaled alprostadil. Whether the differences in physiologic
response, potency, and anti-thrombotic properties translate
into better efficacy with inhaled epoprostenol than with
inhaled alprostadil in the treatment of ARDS remains un-
known.

The dose range for inhaled epoprostenol, 10–50 ng/kg/
min, is based on dose-response trials and comparisons to
INO.16 Predicted body weight is used to calculate the dose,
so that it is based on lung size and not on body mass. The
rationale for calculating dose in this manner is that it ap-
pears to achieve the desired physiologic effect in the lungs39

while avoiding unnecessary higher doses that may cause
systemic adverse effects. The common starting dose is
50 ng/kg/min, which has maximum benefit without sys-
temic effects, and then to wean down as appropriate.
Epoprostenol requires reconstitution with a specific di-
luent to maintain stability. The drug solution is stable for
8 hours at room temperature (48 h with refrigeration) and
must be discarded thereafter. Epoprostenol is also photo-
sensitive and must be protected from direct sunlight to
prevent decomposition.

Iloprost is a longer-acting, more stable PGI2 analog. It is
currently the only prostacyclin that is Food and Drug Ad-
ministration approved for inhalation. In a randomized con-
trolled trial (RCT) with ambulatory patients with pulmo-
nary hypertension, periodic inhalation of 2.5–5.0 �g of
iloprost 6–9 times per day improved exercise tolerance
and quality of life.40

Several studies have found that inhaled iloprost is a
more potent pulmonary vasodilator than INO.41,42 In intu-
bated patients, inhaled iloprost was used in the acute-care
setting for pulmonary hypertension following pulmonary
endarterectomy,43 with aerosol doses of 25 �g given over
15 min. The duration of pulmonary-artery-pressure reduc-
tion from this single dose of iloprost was as long as 2 hours.
In comparison to the shorter half-life of INO29 and inhaled
epoprostenol, the longer action of inhaled iloprost makes it
suitable for intermittent dosing regimens.

In 2 dose-comparison trials, the comparable equipotent
dose ratio of iloprost versus epoprostenol was approxi-
mately 1 to 5. The aerosolized dose of 9–21 �g of iloprost
was found to be equivalent to 52–112 �g of epoproste-
nol.41 When given via intravenous infusion the equipotent
dose was 1.2 � 0.5 ng/kg of iloprost versus 7.2 � 3.4 ng/kg
of epoprostenol.44 Therefore, an equivalent dose of con-

Fig. 4. Pulmonary hypertension secondary to acute respiratory
distress syndrome can result in a vicious cycle of right-ventricular
failure. Acutely elevated pulmonary arterial pressure increases pul-
monary vascular resistance and right-ventricular afterload (the re-
sistance the right ventricle pumps against), and results in a pro-
gressive inability of the right ventricle to sustain its flow output
(decreased right-ventricular stroke volume and ejection fraction).
This eventually leads to elevated right-ventricular end-diastolic vol-
ume, right-ventricular dilation, ischemia, and failure. Right-ventric-
ular hypertrophy and failure decreases left-ventricular preload (the
end-diastolic volume prior to left-ventricle contraction), displaces
the interventricular septum, decreases cardiac output, and reduces
systemic oxygen transport. (Adapted from Reference 1.)
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tinuous inhaled iloprost of 2–10 ng/kg/min, versus 10–
50 ng/kg/min of epoprostenol, may provide a more stable
therapy for severe hypoxemia and acute RV failure. Un-
like epoprostenol, iloprost does not require special prepa-
ration or handling. The reconstituted solution of iloprost
and 0.9% saline is stable at room temperature for 5 days,
can be stored refrigerated for 30 days, and is comparable
in cost to epoprostenol.44

Pro: Inhaled Vasodilators Are Useful in Acute Lung
Injury and Acute Respiratory Distress Syndrome

Rescue Treatment for Refractory Hypoxemia

Inhaled vasodilator can be a life-saving intervention by
preventing cardiopulmonary collapse in patients with
ARDS, severe hypoxemia, and acute RV failure (Fig. 6).
Although death from hypoxemia is rare in patients with
ARDS, rescue treatment with inhaled vasodilator may sig-
nificantly improve oxygenation and allow time to institute
other definitive therapies.

In patients with acute lung injury (ALI) and ARDS,
INO improves oxygenation for at least 24 hours after ini-
tiation of therapy (Fig. 7),45-54 and there is some evidence
of a more prolonged effect.45 INO is a valid option for
life-threatening refractory hypoxemia, defined as a ratio of
PaO2

to fraction of inspired oxygen (PaO2
/FIO2

� 100 mm Hg,
in conjunction with other supportive therapies.55-61 INO is

useful as a short-term adjunct to cardiopulmonary support
in patients with acute hypoxemia and/or life-threatening
pulmonary hypertension.9 The physiologic response to in-
haled prostacyclins, when compared to an equivalent dose
response to INO, is nearly identical.2,31,62 Approximately
60% of patients with ARDS have an acute improvement
with INO48,52,63 or inhaled prostacyclin,31,39,64 defined as a
� 20% increase in PaO2

/FIO2
or a � 20% decrease in

pulmonary arterial pressure.
Inhaled vasodilator for treatment of severe hypoxemia

may be lung-protective in patients whose oxygenation
might otherwise depend on potentially injurious ventilator
management. It has been suggested that the survival ben-
efit from lung-protective ventilation is due to a decrease in
RV failure, from the reduction in lung hyperinflation and
RV afterload.65-68 By improving oxygenation with an in-
haled vasodilator, higher settings of PEEP, which can lead
to alveolar over-distention69 and can increase RV after-
load, may be avoided.70 Inhaled vasodilator may prevent
RV failure if increases in afterload from high levels of
ventilatory support can be avoided. Correction of severe
hypoxemia may also allow a decrease in FIO2

, which may
prevent further acute inflammatory lung injury.71 The use
of other rescue measures, such as neuromuscular block-
ade, prone positioning, high-frequency ventilation, and ex-
tracorporeal membrane oxygenation, may also be avoided
if a severe oxygenation defect responds to inhaled vaso-
dilator treatment.

Fig. 5. Pulmonary vasodilator site of action in the endothelial and smooth-muscle cell. NO � nitric oxide. PGI2 � prostaglandin I-2.
PGE1 � prostaglandin E-1. R � receptor. NOS � nitric oxide synthase. L-arg � L-arginine. PCS � prostacyclin synthase. AA � arachidonic
acid. ET-A � endothelin type A receptor. ET-B � endothelin type B receptor. GC � guanylate cyclase. AC � adenylate cyclase.
GTP � guanosine triphosphate. cGMP � cyclic guanosine monophosphate. ATP � adenosine triphosphate. cAMP � cyclic adenosine
monophosphate. PDE � phosphodiesterase. PKG � protein kinase G. PKA � protein kinase A. LC � light-chain. (Adapted from Refer-
ence 28.)
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Treatment of Acute Right Heart Failure

ARDS is a common cause of acute RV failure second-
ary to pulmonary hypertension.67,68,72,73 Pulmonary hyper-
tension due to hypoxic pulmonary vasoconstriction and

thromboembolic occlusion of the pulmonary microcircu-
lation is a characteristic of ARDS.8,74 Pulmonary hyper-
tension and elevated pulmonary vascular resistance occur
in the early phase of ARDS,8 correlate with the severity of
lung injury, and remain elevated in non-survivors.74-77

Fig. 6. Case of a 51-year-old male, status after exploratory laparotomy for intra-abdominal abscess that developed sepsis, abdominal
compartment syndrome, and severe acute respiratory distress syndrome. Transesophageal echocardiogram revealed a dilated right
ventricle, evidence of increased pulmonary arterial pressure, and low right-ventricular ejection fraction. Global hemodynamic failure
persisted despite fluid resuscitation and titration of dopamine up to 20 �g/kg/min and phenylephrine up to 200 �g/min. Rescue treatment
with inhaled epoprostenol at a dose of 50 ng/kg/min profoundly improved oxygenation and hemodynamic function, and reduced pulmonary
arterial pressure. Baseline blood gas and hemodynamic measurements were done, and repeated after 30 min, 15 min after inhaled
epoprostenol was initiated. The ratio of PaO2

to fraction of inspired oxygen (FIO2
) increased from 44 mm Hg to 98 mm Hg (123% increase).

Mean arterial pressure increased from 51 mm Hg to 81 mm Hg (59% increase). Mean pulmonary arterial pressure decreased from 45 mm Hg
to 36 mm Hg (20% decrease).

Fig. 7. Effect of nitric oxide on the ratio of PaO2
to fraction of inspired oxygen at 24 hours. (Adapted from Reference 45.)
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Acute RV failure (cor pulmonale)67,68 is the result of an
increase in pulmonary arterial pressure and pulmonary vas-
cular resistance (RV afterload). Unlike the thick-walled
left ventricle, RV myocardial size prevents increased con-
tractility against a high afterload.78 As RV afterload in-
creases, RV dilation occurs. RV dilation and an increase in
RV end-diastolic volume cause a load stress on the right
heart, which increases oxygen demand and myocardial
oxygen consumption, decreases coronary artery perfusion
pressure, causes subendocardial ischemia, depresses RV
contractility, and worsens RV ejection fraction.78,79 The
elevated pulmonary arterial pressure secondary to hypoxic
pulmonary vasoconstriction that develops early in ARDS
can lead to worsening RV function and RV failure, par-
ticularly in patients with preexisting pulmonary hyperten-
sion and RV pathology. This reduction in RV output causes
a restriction in the preload volume to the left heart and
contributes to a decrease in cardiac output and systemic
hypotension. As RV end-diastolic volume increases, the
interventricular septum is displaced toward the left-ven-
tricular cavity during diastole, due to the restriction im-
posed by the pericardial sac.72,80 The leftward shift of the
interventricular septum impedes LV end-diastolic volume
(Fig. 8), which further decreases cardiac output and cor-
onary artery perfusion. The vicious cycle of acute RV
failure can eventually lead to hemodynamic collapse72 de-
spite adequate fluid resuscitation and vasopressor support.82

The effects of pulmonary hypertension, increased RV af-
terload, and acute RV failure may be partially responsible
for the high mortality in ARDS, from inadequate systemic
oxygen transport and the development of multiple organ
failure.79

Pulmonary hypertension correlates with the develop-
ment of pulmonary edema.83,84 In ALI, where pulmonary
microvascular permeability is increased, transvascular fluid
filtration into the alveolar space depends mainly on the
hydrostatic capillary pressure. In the presence of intrapul-
monary vasoconstriction, pulmonary capillary pressure

may increase, thereby promoting transvascular fluid leak
and lung edema formation.85,86 The reduction in pulmo-
nary arterial pressure with inhaled vasodilator may reduce
pulmonary edema formation and worsening hypoxemia.

The recognition of the pivotal role of the right ventricle
in hemodynamic function in patients with ARDS makes
the case for RV afterload reduction with inhaled vasodi-
lator as an important treatment option.60,61,72,73,78,81,83,87,88

In patients with severe ARDS, with profound hypoxemia
and acute RV failure, RV afterload reduction with inhaled
vasodilators results in important physiologic benefits in
pulmonary gas exchange, systemic circulation, and oxy-
gen transport, so inhaled vasodilator is an appropriate ther-
apy.

Other Benefits

Other potential benefits of inhaled prostacyclin for ARDS
include the inhibition of platelet aggregation,36 anti-in-
flammatory properties,89,90 and potential anti-thrombotic38

and thrombolytic effects.91 The anti-platelet effects of pros-
tacyclin in humans are well known.36,92,93 Decreased plate-
let aggregation and inhibition of neutrophil and macro-
phage activation can affect the inflammatory response.94

Prostacyclins demonstrate both pro-inflammatory and an-
ti-inflammatory effects,89,90 and their complexity is high-
lighted by the diverse and often opposing effects on the
inflammatory process.95 Anti-thrombotic and thrombolytic
properties of prostacyclins have been demonstrated in an-
imal38 and laboratory91 studies. Thrombolysis with fibrino-
lytic infusion improves hemodynamics and oxygenation in
patients with ARDS,96 so inhaled prostacyclins may atten-
uate the local inflammatory process and ameliorate pul-
monary vascular obstruction.

Sepsis is a common cause of ARDS.55 Intravenous pros-
tacyclin in patients with sepsis97 and respiratory failure98,99

increases gastric intramucosal pH97 and improves oxygen
delivery and oxygen uptake,98,99 suggesting improved
splanchnic and visceral organ perfusion. The increase in
cardiac output with inhaled vasodilator may explain why
INO improves hepatic microcirculation in patients with
RV failure.100 Also, spillover of inhaled prostacyclin to the
systemic circulation may improve splanchnic perfusion and
tissue oxygenation in patients with pulmonary hyperten-
sion and septic shock.101 Reducing pulmonary vascular
resistance with intravenous prostacyclin increases cardiac
output but worsens pulmonary shunt fraction; however,
there is a net benefit of improved oxygen transport.102 A
benefit of using inhaled vasodilator to improve oxygen-
ation and intrapulmonary shunt, while increasing systemic
oxygen transport and splanchnic microcirculation, may be
underappreciated.103

Fig. 8. Shift of the interventricular septum (S) toward the left ven-
tricle (LV) secondary to right-ventricle (RV) overload and dilation
during acute elevation in RV afterload. As RV end-diastolic volume
(RVEDV) increases, LV end-diastolic volume (LVEDV) decreases
because the RV free wall does not stretch and the pericardium (P)
that surrounds the heart does not allow excessive dilation without
displacement of the interventricular septum. (Adapted from Ref-
erences 72 and 81.)
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Summary of the Pro Position

Inhaled drugs such as INO and prostacyclin are selec-
tive pulmonary vasodilators that improve arterial oxygen-
ation and reduce pulmonary hypertension without affect-
ing systemic blood pressure, which is important in patients
with ARDS and refractory hypoxemia. The decrease in
pulmonary arterial pressure is important to reduce pulmo-
nary edema formation and RV afterload.

Con: Inhaled Vasodilator Should
Not Be Used in ALI/ARDS

To begin the discussion of the con position, it should be
noted that no inhaled pulmonary vasodilator is approved
by the Food and Drug Administration for administration
via inhalation in intubated mechanically ventilated patients
with ALI or ARDS. Thus, use of these drugs in this man-
ner is an off-label use.

Lack of Outcome Benefit

Although inhaled vasodilator may produce acute phys-
iologic benefits, evidence is lacking that this translates into
a meaningful outcome benefit. RCTs of INO versus pla-
cebo in patients with ALI or ARDS found no benefit in
mortality or ventilator-free days.

Dellinger et al,48 in a phase-2 study, evaluated the safety
and physiologic response of INO in patients with ARDS.
This was a prospective multicenter randomized double-
blind placebo-controlled study. Patients (n � 177) were
randomized to receive placebo or INO at 1.25, 5, 20, 40,
or 80 ppm. An acute INO response (PaO2

increase � 20%)
was seen in 60% of the patients receiving INO, compared
with 24% of placebo patients. The increase in PaO2

trans-
lated into an FIO2

reduction over the first day, and in the
intensity of mechanical ventilation over the first 4 days of
treatment, as measured by the oxygenation index. There
were no differences between INO and placebo with re-
spect to mortality rate or the number of days alive and off
mechanical ventilation.

In a RCT by Michael et al, INO was compared to pla-
cebo in 40 patients with ARDS.49 Compared to placebo,
INO was associated with an acute increase in PaO2

/FIO2
.

However, beyond 24 hours, the 2 groups had an equivalent
improvement in PaO2

/FIO2
. Patients treated with INO were

no more likely to improve so that they could be managed
with a persistent decrease in FIO2

� 0.15 during the 72 hours
following randomization. The mortality rate was 55% in
the 20 patients who received INO and 45% in the 20
patients who received conventional therapy.

Troncy et al50 randomized 30 patients with ARDS to
receive INO or usual care. During the first 24 hours of
therapy there was a significant improvement in PaO2

in the

group that received INO (P � .02). After the first day of
therapy, however, no further INO benefits were detected.
In the INO patients, 40% were alive and free of mechan-
ical ventilation within 30 days after randomization, com-
pared to 33% in the control group (P � .83). The 30-day
mortality rate was similar in the 2 groups.

To determine whether INO can increase the frequency
of reversal of ALI, Lundin et al52 conducted a prospective
randomized trial with 268 patients with early ALI. Re-
sponders were defined as patients in whom PaO2

increased
by � 20% with INO. Responders were randomly assigned
to conventional therapy with or without INO. The fre-
quency of ALI reversal was no different between the INO
patients (61%) and the controls (54%), but the develop-
ment of severe respiratory failure was lower in the INO
group (2.2%) than in the controls (10.3%). The 30-day
mortality was 44% in the INO patients, 40% in the control
patients, and 45% in non-responders.

Gerlach et al104 conducted an RCT with 40 patients with
ARDS, randomized to conventional treatment or INO at
10 ppm. After 4 days, the dose-response curve of the INO-
treated patients was left-shifted, with a peak response at
1 ppm. At higher doses (10 and 100 ppm), oxygenation
deteriorated, and the response to INO disappeared in sev-
eral patients. INO had no effect on duration of mechanical
ventilation or ICU stay.

Taylor et al105 conducted a multicenter randomized pla-
cebo-controlled blinded study with 385 patients with mod-
erately severe ALI. Patients were randomly assigned to
placebo or INO at 5 ppm. INO did not increase the number
of days alive or off assisted breathing. Mortality was sim-
ilar between the groups. This lack of effect on clinical
outcomes was seen despite a statistically significant in-
crease in PaO2

.
Sokol et al106,107 conducted a systematic review and

meta-analysis of RCTs on INO for ALI and ARDS in
children and adults. Their analysis included 5 RCTs, which
included 535 patients. There were no differences in ven-
tilator-free days between the treatment and placebo groups,
and no specific dose of INO was more advantageous than
any other. INO had no effect on mortality (relative risk
0.98, 95% confidence interval [CI] 0.66–1.44).

Adhikari et al45 conducted a systematic review and meta-
analysis on the effect of INO on oxygenation and mortality
in patients with ALI. They selected RCTs with parallel
groups that compared INO to control. They identified 12
studies, which included 1,237 patients. Overall method-
ological quality was good. On treatment day 1, INO in-
creased PaO2

/FIO2
(13%, 95% CI 4–23%) and decreased

the oxygenation index (14%, 95% CI 2–25%). Some ev-
idence suggested that the oxygenation improvement per-
sisted until day 4 of mechanical ventilation, but INO had
no significant effect on hospital mortality (risk ratio 1.10,
95% CI 0.94–1.30) (Fig. 9)45,48-50,52-54,104,105,108 duration
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of ventilation, or ventilator-free days. There was no effect
on mean pulmonary arterial pressure. Adhikari et al45 con-
cluded that INO is associated with limited improvement in
oxygenation in patients with ALI or ARDS, but confers no
mortality benefit; they do not recommend routine use of
INO in these severely ill patients. Moreover, Adhikari et al45

suggested that the trend toward higher mortality in the
INO patients, which was highly consistent across the tri-
als, and the finding of potential adverse effects of INO,
such as renal failure, raise concern about the use of INO in
patients with ALI.

There have been no studies of the effects of inhaled
prostacyclins on important outcomes. Seven studies109-115

of alprostadil have enrolled 697 patients, with predomi-
nantly ARDS, although 3 restricted enrollment to those
with trauma, surgery, or sepsis as a risk factor.111,113,114

Those studies differed with respect to method of medica-
tion administration: 4 used continuous infusion,111-114 and
3 used intermittent boluses.109,110,115 The pooled analysis
showed no statistically significant effect of alprostadil on
early mortality (relative risk 0.95, 95% CI 0.77–1.17).116

Individual trials reported more adverse events, leading
to study-drug discontinuation in the alprostadil
group.109,110,112,113,115 These adverse events were primarily
cardiopulmonary (hypotension, dysrhythmias, hypoxia)
and neurological (agitation). Admittedly, none of these
studies used inhaled prostacyclin, but this is the best avail-
able evidence, as outcomes studies of inhaled prostacyclin
have not been done.

Toxicity

Inhaled vasodilators are not without toxicity. This is
well recognized for INO, as has been previously re-
viewed.117,118 Although platelet inhibition may be benefi-
cial, as discussed above, it could also be harmful in a

patient with a bleeding disorder. Reducing pulmonary ar-
terial pressure might worsen pulmonary edema in patients
with left heart failure. Methemoglobinemia can occur, par-
ticularly with high doses. Abrupt discontinuation can re-
sult in rebound hypoxemia and pulmonary hypertension.
At high concentrations, INO can have direct toxic effects
in the lungs. When nitric oxide mixes with oxygen in the
delivery system, nitrogen dioxide is produced, which is
toxic at high concentrations. Nitric oxide reacts with ox-
ygen free radicals in the lungs to produce peroxynitrite,
which has important toxicities. Nitric oxide and peroxyni-
trite can damage pulmonary surfactant.

Data from 4 large trials, representing nearly 75% of all
patients in a meta-analysis,45 showed an increased risk of
renal dysfunction in patients receiving INO (Fig.
10)45,48,52,105,108. This is a concern despite that it was the
result of a post hoc analysis and is potentially subject to
publication bias. The mechanisms of the renal effects of
INO include inhibition of mitochondrial and enzymatic
function and damage to deoxyribonucleic acid and mem-
branes. This also raises concerns that, although the vaso-
dilatory effects of INO are selective to the lungs, other
effects of INO may manifest systemically.

INO has been delivered to hundreds of patients with
ALI/ARDS in clinical trials that assessed, among other
things, toxicity and adverse effects. So the safety profile of
INO is relatively well known, but inhaled prostacyclins
have not been subjected to such rigorous investigation.
Thus, toxicity data do not exist and the safety profile of
inhaled prostacyclins in mechanically ventilated patients
with ALI/ARDS is largely unknown.

Delivery System

The one INO delivery system that is commercially avail-
able in North America119 has a long (� 10 years) history

Fig. 9. Effect of inhaled nitric oxide on mortality. CI � confidence interval. (Adapted from Reference 45.)
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of safe INO delivery. It is important that clinicians use that
system and not jury-rig their own INO systems, which
could result in inaccurate INO dosing and the delivery of
toxic nitrogen dioxide.120-123

There is no standard approved delivery system for pros-
tacyclin to mechanically ventilated patients. Theoretically,
any nebulizer that provides an acceptable particle size and
output can be used. In the United States, iloprost is in-
tended to be delivered with either the I-neb (Respironics,
Murrysville, Pennsylvania) or the Prodose (Profile Ther-
apeutics, West Sussex, United Kingdom). The I-neb is
used almost exclusively for this purpose, but it is intended
for use with spontaneously breathing patients and it cannot
be adapted for intubated patients. The I-neb is a third-
generation adaptive aerosol delivery system that uses the
mesh aerosol-generation technology.124 It is unknown
whether other mesh nebulizers are suitable for use during
mechanical ventilation or could be used to deliver iloprost
or other prostacyclins. A nebulizer system for iloprost de-
livery during mechanical ventilation has been studied
in vitro,125 but no in vivo data are available. A method for
continuous aerosolization of epoprostenol with a pneu-
matic nebulizer for intubated patients has been de-
scribed.39,126,127

To assure consistent, reliable, reproducible and accurate
delivery, only nebulizers that have been thoroughly char-
acterized and shown to be suitable for inhaled prostacyclin
should be used. Currently used systems for prostacyclin
delivery are by and large jury-rigged, based on our knowl-
edge of bronchodilator delivery during mechanical venti-
lation. It may be difficult to deliver a precise dose because
of the many factors that affect aerosol delivery during
mechanical ventilation.128-132 Most important, it should not
be assumed that all aerosol delivery systems for inhaled
prostacyclins are equally effective. Claims of benefit with
any system should be supported by in vivo evidence of
clinical effectiveness. The dosing with one delivery sys-
tem might be quite different from that with another sys-
tem.

A pneumatic nebulizer can interfere with ventilator func-
tion and result in variable dose delivery.16 A pneumatic

nebulizer with an external flow source increases the tidal
volume, affects the accuracy of exhaled tidal volume mea-
surement, increases ventilator circuit pressures, can ad-
versely affect patient-initiated triggering, and can alter the
FIO2

if an external oxygen blender is not used. A pneu-
matic nebulizer with a built-in nebulizer-driver function
on a ventilator also affects the delivered dose over time
with various ventilation settings, such as respiratory rate
and inspiratory time. Dose can also be affected by the bias
flow rate and the position of the nebulizer in the ventilator
circuit. Any continuous nebulizer system can potentially
clog expiratory filters and affect expiratory-valve function,
which raises additional safety concerns.

Cost

The cost of INO has raised much concern among clini-
cians and administrators. Presently, the cost of INO is
$137.50 per hour, capped at $13,200 per month, which
includes the costs of the INO and the delivery system. The
off-label use of INO costs some hospitals a million dollars
per year. The search for less costly alternatives has in-
creased the use of inhaled prostacyclin in patients with
ALI. The drug cost of inhaled epoprostenol is about $275
per day, which does not include the cost of the delivery
system. However, it is important to recognize that the use
of inhaled prostacyclin in intubated adult patients with
respiratory failure is off-label, as is INO. Whether one
chooses INO or inhaled prostacyclin, evidence is lacking
for any improved outcome benefit. Value is defined as
benefit divided by cost. If the benefit of INO or inhaled
prostacyclin is low, then its value will be low regardless of
its cost.

Summary of the Con Position

Use of inhaled vasodilators is off-label in intubated pa-
tients with ALI/ARDS, and an outcome benefit has not
been reported. Delivery systems for aerosolized prostacy-
clins are jury-rigged, because no commercially available

Fig. 10. Effect of nitric oxide on renal dysfunction. CI � confidence interval. (Adapted from Reference 45.)
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system exists for use during mechanical ventilation. The
cost of these drugs may prohibit widespread use.

Summary

Given that the best available evidence suggests no sur-
vival advantage and possible higher mortality and renal
dysfunction with INO, routine use of INO cannot be rec-
ommended for ALI/ARDS. However, INO may be con-
sidered as a rescue treatment in patients with ARDS and
severe life-threatening refractory hypoxemia. Because of
the challenges of enrolling patients with refractory hypox-
emia into large trials, definitive data supporting or refuting
INO in such situations are unlikely to be forthcoming, so
we must base the decision on lower-level evidence, such
as physiologic response. Given the reported physiologic
effects of inhaled prostacyclin, and the cost of INO, it is
reasonable to consider inhaled prostacyclin as an alterna-
tive to INO. However, there is no evidence of an outcome
benefit from INO or inhaled prostacyclin, so inhaled va-
sodilator should be discontinued if a physiologic benefit is
not obtained after a short clinical trial.
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Discussion

Moores: I think we can all agree that
these adjunctive therapies don’t have
a lot of data showing benefit, but phys-
iologically they make sense. You like
it, you understand it, it makes sense,
and you can see an oxygenation im-
provement. I wonder if it’s reasonable

to use these adjunctive therapies to
stay within the lung-protective venti-
lation parameters? If I’m having trou-
ble oxygenating the patient and I’m
afraid I’m going to go too high on
PEEP or pressure to meet the oxygen-
ation goals, is it worthwhile to use an
inhaled vasodilator to meet the low
pressure ventilation goals?

Hess: I don’t think we know. In fact,
one of the criticisms of INO trials for
ARDS is that they may have allowed
or promoted ventilation strategies that
were not lung-protective. In a couple
of the INO studies, if you got an im-
provement in oxygenation, it actually
encouraged you to decrease PEEP, for
example. I don’t think it has been stud-
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ied, but I think we have to be careful
about being seduced by improvements
in physiologic variables. I come back
again to the ARDS Network trials
where improvements in physiology did
not translate to improvements in out-
come.

Gentile: A lot of this discussion con-
cerns cost. If these agents were as in-
expensive as oxygen, I doubt we’d
have the same debate.

Hess: Well, if you look at my last
point, regardless of the cost, if the ben-
efit is zero, the value remains zero.

Siobal: I’d point out that the benefit
of inhaled prostacyclin has not been
unproven. It’s definitely been proven
that INO does not have a mortality
benefit. They have similar physiologic
effects, but they are different. The
point is, inhaled prostacyclin hasn’t
been unproven, and in some patients
it gives physiologic benefit, and it’s
cheaper than INO.

MacIntyre: It seems to me you’re
making an argument for a good clin-
ical trial rather than this uncontrolled,
“Let’s use whatever seems to be a good
idea today.”

Siobal: Yes, definitely.

Gay: I think this obsession with ox-
ygenation has overlooked another sur-
rogate that maybe we should start
thinking about when we’re using these
agents, and that’s RV dysfunction,
which is sometimes prominent in these
patients. And to the extent that the
patient Mark mentioned was worsened
by a high-dose alpha agonist or dopa-
mine needs to be considered. Concen-
trating on how that choice really may
have been deleterious to that patient is
important. More profound RV dys-
function should have been a better fo-
cus early on. Finally, when the patient
gets a little better oxygenation, you
could relax, but I would bet the best
thing that they really did was change

their vasopressor management and im-
prove right-heart function.

Fessler: If the goal is to unload the
right ventricle, there’s an even less ex-
pensive way to do that, which is prone
positioning. A 2007 paper in Chest
showed that patients with ARDS who
had signs of RV overload reversed
their RV load after 18 hours of prone
positioning.1 So, even if we look for
other physiologic end points, there
may be better ways to get there.

1. Vieillard-Baron A, Charron C, Caille V,
Belliard G, Page B, Jardin F. Prone posi-
tioning unloads the right ventricle in severe
ARDS. Chest 2007;132(5):1440-1446.

Talmor: I take issue with the con-
tention that improving oxygenation is
injurious. That’s exactly the wrong
message to take from the ARDS Net-
work trial. Improving oxygenation by
increasing tidal volume to 10 –
12 mL/kg is injurious, but oxygenation
in and of itself is a good thing. I don’t
think we should so rapidly dismiss tri-
als that improve oxygenation, partic-
ularly since that may allow us to get
the patient over the hump and give
them time to get better.

Epstein: Mark, you mentioned the
mechanisms of action of epoproste-
nol, prostacyclin, and iloprost, and said
something about the anti-thrombotic
effect. It seems to me that the reduc-
tion in pulmonary artery pressure you
would see in ARDS is probably more
related to the relief of hypoxia and
hypoxic vasoconstriction, because, if
you take the analogy from idiopathic
pulmonary hypertension or human-
immunodeficiency-virus-related pul-
monary hypertension or portopulmo-
nary hypertension, the anti-thrombotic
and anti-proliferative effects unfold
over weeks and weeks, and probably
aren’t relevant to this population. We
also know from those studies that, at
least in idiopathic pulmonary hyper-
tension, only 10% of patients respond

to an inhaled vasodilator with a re-
duction in pulmonary artery pressure.

Siobal: The anti-thrombotic effect is
a theoretical benefit. It has not been
proven or studied. We need an RCT
of inhaled prostacyclin.

MacIntyre: The history of inhaled
vasodilators at Duke is fascinating. For
many years we could make it ourselves
for less than $100 a tank, so it was
used without much control. When it
suddenly became tens of thousands of
dollars per tank, everybody stood up
and took notice. We now use inhaled
iloprost in postoperative cardiac sur-
gery patients and lung transplant pa-
tients. It’s interesting because our in-
dication is only that “the surgeon wants
INO.”

Hess: So how did you figure out dos-
ing and what delivery device to use
and whether it’s safe?

MacIntyre: We started with the ap-
proved dose of iloprost. I realize that
dose was approved only for the iNeb
and that there are issues about the
iNeb’s efficiency compared to other
aerosol devices we might use in the
ventilator circuit. However, taking into
account that we have an intubated pa-
tient, which impacts delivery into the
tracheobronchial tree, we’ve come up
with a dosing schedule that starts at
the recommended dose and drops from
there. Dean, you can criticize me all
you want, because there’s little sup-
portive data.

Hess: I’m merely curious.

MacIntyre: There are multiple rea-
sons to criticize me. You know this is
kind of made up stuff, but it’s a rea-
sonable starting point and seems to
give us the effects we want without
adverse effects. Mike, do you want to
elaborate?

Gentile: Giving it to the intubated
patient is a little easier than continu-
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ing it in a patient who’s going to the
floor, and we’re wrestling with that a
bit more. It was by trial and error, like
everything else.

This is outside the scope of ARDS,
but INO is like crack cocaine to tho-
racic surgeons, and they use it for
everything—perceived pulmonary hy-
pertension—and they have a very good
argument that they want to get the pa-
tient off the pump and out of the op-
erating room, and how much does it
cost per hour? They have a very good
argument, which is that the operating
room costs are probably a lot more
than your INO costs. Our number-one
use of INO is in the patient coming
out of thoracic surgery, so we’ve
moved on to other inhaled agents that
are as effective and less expensive.

MacIntyre: We almost never use
INO for lung injury, and I don’t think
we’ve used it for ALI or ARDS in
recent memory.

Gentile: Not in 5 years.

MacIntyre: It’s solely for severe hy-
poxemia, pulmonary hypertension,
and RV overload, usually after car-
diothoracic surgery.

Hess: We’re trying to convert the
cardiothoracic surgeons from use of
NO in the operating room. I am both-
ered that we may be substituting one
unproven therapy for another. Maybe
it’s the best that we can do, but I guess
that in my gut that doesn’t seem right.

MacIntyre: I can’t disagree with
you, but I’d rather lose $100,000 a
year than $1,000,000 a year.

Hess: I understand; we’re faced with
the same thing.

Moores: It’s interesting when you
look at the different disease-modify-
ing agents that we’re using for pa-
tients with pulmonary hypertension.
The prostacyclins are different than
other inhaled vasodilators, and are the

only class that has good evidence of a
mortality benefit. I think that most peo-
ple feel that it has nothing to do with
any vasodilatation, but with the anti-
inflammatory and anti-fibrotic prop-
erties. So that’s intriguing when you
think about lung injury and ARDS and
whether those effects might make it
different than INO. I agree we don’t
have the data yet, but I think it’s in-
triguing that there might be another
mechanism that might make this class
of drugs different.

Siobal: I agree. We use the AeroNeb
Solo [Aerogen, Galway, Ireland],
which has a continuous mode and gives
you better control over the aerosol par-
ticle size and dose delivery, so it’s
really an infusion pump for the lung.
But even with that better delivery de-
vice there’s still no evidence that it’s
doing any good. In terms of what Neil’s
doing at Duke—giving iloprost con-
tinuously—somebody needs to do a
dose-response study to find the con-
tinuous inhaled dose at which you start
getting systemic vasodilation. If we
knew that, we could do an RCT.

Sessler: Since cardiac surgeons’ use
is probably the highest, are there data
to support its use in the operating
room? Or in the immediate post-op-
erative period?

Gentile: There are negative data
from the lung-transplantation popula-
tion, but it doesn’t matter to them.
We’re still giving it to a variety of
thoracic patients, but for a shorter pe-
riod of time. But, again, we still hear
“ka-ching” because somebody’s ring-
ing the cash register. It’s not just lung-
transplant patients; it’s anybody who
has a thoracotomy.

Sessler: In a meta-analysis,1 INO
was associated with higher risk of de-
veloping renal insufficiency. That was
the only statistically significant find-
ing other than oxygenation benefit. Do
we just not believe that’s real, or do
we not understand mechanistically

how it could happen, so we don’t know
what to think about it?

1. Adhikari NK, Burns KE, Friedrich JO,
Granton JT, Cook DJ, Meade MO. Effect
of nitric oxide on oxygenation and mortal-
ity in acute lung injury: systematic review
and meta-analysis. Br Med J 2007;
334(7597):779.

Hess: I don’t think I know what to
make of it. I would also point out that
those findings in the 3 trials were found
retrospectively. In none of the studies
did they look specifically for that as
the trial was being conducted. So I’m
not sure I know what to make of it.

Epstein: Dean, you mentioned 3 po-
tential down sides. Any comments
about peroxynitrate as a toxic oxygen
radical? That was discussed a lot when
we were using a lot of INO.

Hess: Actually, 10 years ago we did
a Journal Conference1,2 on INO and
my talk3 was on toxicity. I talked about
peroxynitrate and so forth, and it’s
been investigated in animal models. It
has been shown in animal models—at
least in big doses—to be an issue. I
don’t know that there are any con-
firming data in humans. There may
be, but I’m not aware of them.

1. Inhaled nitric oxide: part I. Respir Care
1999;44(2):129-240.

2. Inhaled nitric oxide: part II. Respir Care
1999;44(3):241-384.

3. Hess DR. Adverse effects and toxicity of
inhaled nitric oxide. Respir Care 1999;
44(3):315-329; discussion 329–330.

Gentile: I think that went away when
the INO dose went from 100 ppm down
to 20 ppm or 5 ppm. So did concern
about methemoglobin.

Siobal: Another issue is that in a re-
ally sick patient an inhaled vasodila-
tor may allow you to reduce the FIO2

and thus lower the risk of oxygen tox-
icity. I’ve heard attendings say that
once the lung is inflamed it’s less prone
to oxygen injury, but I’ve never seen
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any studies on that. Does anybody
know of any data on that?

Moores: I looked at that a little while
ago and didn’t find anything. The data
on oxygen toxicity came from normal
lungs, and I don’t think we know about
abnormal lungs. I don’t think we can
say that there isn’t oxygen toxicity.

Hess: I think Dr Durbin did a Journal
Conference paper1 on that some years
ago.

1. Durbin CG, Wallace KK. Oxygen toxicity
in critically ill patients. Respir Care 1993;
38(7):739-750; discussion 750-753.

Durbin: Oxygen toxicity is real, but
it’s probably irrelevant for most of our
patients, for several reasons. With an-
imals you can easily demonstrate that
50%, 40%, or even 30% oxygen in
association with another injury pro-
duces ARDS or an equivalent inflam-
matory response in the lung. It’s a real
phenomena in the laboratory, but ox-
ygen toxicity is less well demonstrated
in critically ill humans, because they’re
probably too complex to demonstrate
a cause and effect.

I would like to comment about the
oxygen issue in ARDS trials. I’m
grateful to Neil for his charismatic way
of telling us that the patients who had
the lowest PaO2

in the ARDS Network
trials had the best survival. This now
seems to be the mantra around this
table, and that’s an interesting obser-
vation, but none of those patients were
dying of hypoxemia. On average, or
even in the extremes of the ARDS Net-
work trial, those patients were not crit-
ically hypoxemic. So it isn’t a patient
with a PO2

in the 30s or 40s where you’re
saying, “Don’t worry about them.” The
ARDS Network survivors had PaO2

in
the 80s, as opposed to the 90s.

I don’t think the message should be
that oxygen delivery and oxygen partial
pressure in the blood are not concerning
in a patient who’s dying. I think the
therapies we’ve talked about in these
last 2 sessions really are life-saving, and

you have to use PaO2
as your marker. A

patient whose PaO2
is 30 mm Hg or lower

for a long time is probably not going to
survive, but if inhaled prostacyclin gets
the PaO2

up to 40 or 50 mm Hg, then at
least there’s a chance of survival.

MacIntyre: The concept is permis-
sive hypercapnia, and now, if you will,
permissive hypoxemia, the operative
word there is permissive. People used
to ask me, “Neil, if you do permissive
hypercapnia, how far do you want to
drive the CO2 up?” To that I said no,
no, you’ve got it all wrong. You are
simply allowing CO2 to rise because
it’s an effect of providing something
beneficial (ie, smaller tidal volume and
lower plateau pressure).

I think the same thing holds true of
hypoxemia. The idea of pushing up
the PEEP to get the PO2

into the hun-
dreds and to get the shunt fraction
back to normal is misguided, because
clearly we are paying too big a price
for that with the high pressures re-
quired, and so we’ll let the PO2

fall.
I agree with Dan; we don’t want

people dying of hypoxemia, for cry-
ing out loud, but I think a PO2

in the
60s or 70s is probably fine, as op-
posed to applying the ventilation pres-
sures required to drive PO2

up to
100 mm Hg. The ARDS Network’s
PEEP/FIO2

table focuses on a PO2
of

55–80 mm Hg. A lot of people focus
on 55; I sort of focus on 80 as an
interesting boundary.

Talmor: Ihaveaseriousproblemwith
our residents when they increase or de-
crease PEEP and FIO2

based on the
ARDS Network table. Let’s say the pa-
tient has an FIO2

of 50 and then we in-
crease the PEEP and then the FIO2

is
100. The first thing they do is they drop
the PEEP back down, and you get into
this vicious circle of recruiting and de-
recruiting the lung. I think using a slid-
ing scale and targeting an arbitrary,
pretty narrow set of oxygenation param-
eters leads to multiple unneeded venti-
lator changes and episodes of recruit-
ment and de-recruitment.

MacIntyre: Well, one of the inter-
esting things about the ALVEOLI [As-
sessment of Low Tidal Volume and
Elevated End-Expiratory Volume to
Obviate Lung Injury] trial1 was that
the high-PEEP strategy took fewer
PEEP steps, had less PEEP variabil-
ity, and it improved oxygenation.
Now, it didn’t affect outcome, but I
look at that as a good-news/bad-news
thing.

The bad news is that it didn’t affect
outcome, but the good news is that if
you’re a high-PEEP person or a low-
PEEP person, we have a PEEP/FIO2

table just for you. If you’re concerned
about sliding up and down too much
of a PEEP scale, the higher-PEEP
ARDS Network strategy2 has much
less PEEP variability and has out-
comes at least as good as the lower-
PEEP strategy.

So, is this the best way to set PEEP
and FIO2

? Almost certainly not. We
need to be much more rational about
how to dissect the lung and the re-
gional differences. As Martin Tobin
said, “This is not an evidence-based
guideline; it’s a ‘help me get through
the day’ guideline,’” until we come
up with better tools that are easy to
use and widely applicable. However,
the current tables work for now.

1. Brower RG, Lanken PN, MacIntyre N, Mat-
thay MA, Morris A, Ancukiewicz M, et al;
National Heart, Lung, and Blood Institute
ARDS Clinical Trials Network. Higher ver-
sus lower positive end-expiratory pressures
in-patients with the acute respiratory dis-
tress syndrome. N Engl J Med 2004;351(4):
327-336.

2. The Acute Respiratory Distress Syndrome
Network. Ventilation with lower tidal vol-
umes as compared with traditional tidal vol-
umes for acute lung injury and the acute
respiratory distress syndrome. N Engl J Med
2000;342(18):1301-1308.

Siobal: In some patients I call using
the ARDS Network table the PEEP/
FIO2

rollercoaster, because lowering
the PEEP and derecruitment can hap-
pen several times: bring the PEEP
down too much and the patient crashes,
and then the next day it’s up again.
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MacIntyre: Then use the higher ta-
ble!

Siobal: I like to use no table and just
do free-form PEEP.

MacIntyre: Free-form PEEP sounds
like a free fall.

Siobal: I just mean don’t only fol-
low the table, but instead look at what’s
happening with the patient. If they’re
getting better and they’ve been stable,
then consider lowering the PEEP. You
mentioned a PO2

of 60 mm Hg. We’d
all be happy with a PO2

of 60, but if
they’re on 100% oxygen and they
have a PO2

of 60, that bothers me, be-
cause I think we’re causing lung in-
jury with the oxygen.

MacIntyre: So you’ve got one injury
there and you’re talking about
using a therapy that—who knows—
might poison other organs from venti-
lator-induced lung injury. I don’t know.

Hess: To get back to Charlie’s
point, and others have made it, I think
if there’s any place for inhaled pul-
monary vasodilator therapies in pa-
tients with ARDS, it is probably in
the patient with refractory hypox-
emia. Unfortunately, I don’t think
we’ll ever be able to study that. I
can’t imagine put-ting together a trial
in that patient population and get-
ting it through an IRB [institutional
review board], first of all, and then
enrolling enough patients to be able
to answer the question.

Branson: Dean, I want to echo that,
but also to say it should be reversible
hypoxemia.

Hess: Correct: you need to be able
to demonstrate a response.

Branson: Or at least refractory hy-
poxemia in a patient with reversible
disease, because not everybody needs
INO before they die. That’s a very
expensive way of sending people out
through the basement. That’s what
we’ve done: limit it to patients with
severe trauma and severe hypoxemia
and who we think might survive their
injuries, not in patients who have he-
patorenal syndrome, who have 100%
mortality.
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