
Implementation of an Inhaled Nitric Oxide Protocol:
A Paradox or the Perfect Pair?

Nitric oxide was first described over 200 years ago, ini-
tially for its toxic effects.1 More recently, nitric oxide was
named Molecule of the Year in 1992 by the journal Science.
In 1998, the Nobel Prize in Physiology and Medicine was
awarded to 3 scientists for further elucidating nitric oxide’s
signaling role in the cardiovascular and nervous systems.2 A
pivotal randomized controlled trial by the Neonatal Inhaled
Nitric Oxide Study Group was published in 1997 and was
instrumental to the 1999 FDA clearance of the use of inhaled
nitric oxide (INO) in term or near-term infants with hypoxic
respiratory failure.3 This work started the discussion regard-
ing cost associated with INO delivery because the implemen-
tation of it, although expensive, reduced the need for other
more expensive resources, including extracorporeal mem-
brane oxygenation. INO in preterm animal models has dem-
onstrated a reduction in pulmonary vascular resistance, im-
proved surfactant function, stimulated angiogenesis, and
enhanced alveolar formation.4-7 Based on this evidence, the
hope was that INO would reduce right ventricular failure as
well as the need for prolonged respiratory support with po-
tentially toxic oxygen levels, leading to a reduction in venti-
lator-induced lung injury. However, randomized controlled
trials in preterm infants have remained largely negative, and
the use of INO to prevent bronchopulmonary dysplasia is still
not recommended.8,9

Despite considerable effort, there is a paucity of large,
randomized, double-blinded, multi-center clinical trials for
pediatric hypoxic respiratory failure. Although it is clear that
INO transiently improves arterial oxygenation, rarely does
the evidence demonstrate a sustained benefit.10 In current
practice, INO is still prescribed for some pediatric hypoxic
respiratory failure despite high cost and unconvincing evi-
dence. This is partially due to the belief that those who ben-
efit are the severely hypoxic, who are thought to be an un-
derrepresented cohort in clinical trials. That said, based on
current clinical evidence, INO cannot be routinely recom-
mended for pediatric hypoxic respiratory failure.10

Surgical interventions for congenital heart disease can be
complicated by pulmonary hypertension. Proper management
of postoperative pulmonary hypertension can reduce mortal-
ity, morbidity, and medical burden.11 INO has been sug-
gested to have a physiologic benefit in these subjects in
preclinical and small uncontrolled trials.12,13 INO is often
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prescribed to treat pulmonary hypertension in the cardiac
ICU setting; however, its overall effectiveness in improv-
ing outcomes and in comparison with other available pul-
monary vasodilators has yet to be determined. In addition,
Simsic et al14 reported that the use of an INO protocol in
this subject population reduced variation, but not utiliza-
tion or cost. This is in contrast to a study in this issue of
RESPIRATORY CARE.

In this issue of RESPIRATORY CARE, Todd Tzanetos et al15

describe the implementation of an INO protocol and its
associated cost reduction in a retrospective cohort of 76
pediatric subjects. Their goal was to determine whether
implementation of an INO protocol would reduce cost of
delivery. This study successfully builds upon the results of
previous findings that protocolized care delivered by re-
spiratory therapists can be a more efficient means of pro-
viding evidence-based therapy.16-24 The authors conclude
that the protocol reduced costs without significantly dif-
fering mortality. However, it remains unclear if the pro-
tocol really reduced the cost of care.

As mentioned in the introduction, the hospital cost of INO
was $100/h during the review period. The median change in
INO duration trended toward significance, but was not stat-
ically significant. This implies that the cost was based on
patient billing, not cost of delivery. Likewise, the hospital
was not reimbursed what it cost to deliver INO, as the median
cost divided by the median duration was $76.5 pre-protocol
and $91 post-protocol. Insurers may contractually withhold full
reimbursement for expensive therapies that have not been proven
to be effective in an effort to discourage the practice. It appears
that as the protocol reduced the duration of INO, the cost to the
subject increased per h. If expense to the hospital had been
calculated based on a rate of $100/h, the median reduction in
hospital expense would have been more pronounced.

Many institutions providing neonatal and pediatric care are
spending in excess of a million dollars per year on INO. The
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most efficient way to reduce the cost of expensive and un-
proven therapies is not to start them. Although the duration of
INO was not statically significant, the most beneficial section
of the protocol was the quick discontinuation for nonre-
sponders. Many hospitals serving primarily adults have elim-
inated INO from their practice, reserved INO for a very select
group with special oversight, or switched to alternative va-
sodilators in an effort to reduce the cost of an unproven
therapy.25-27 Proponents of nitric oxide argue that the current
evidence is based on the wrong patient populations. This may
be valid, but given the cost of treatment and the marginal
benefits on arterial oxygenation, it is unlikely that a clinical
trial will be performed with sufficient sample size or patient
population to address these concerns.

This study leads us to a paradox. Should we protocolize
the use of INO when there is insufficient evidence for its
therapeutic benefit? It is well understood that the current
means of resolving nonbeneficial treatment are inadequate.28

Or are INO and a well-developed protocol the perfect pair?
Could strict protocolization of questionable therapies be an
interim technique used to provide the therapy in a more cost-
effective way until more evidence is gathered? Although Todd
Tzanetos et al15 do not condone the use of INO, they logically
implemented a protocol to reduce practice variance in an
effort to reduce cost, and they must be applauded. The at-
tractive components of this protocol are the staff educational
methods, the targets of a therapeutic response, and the raised
awareness of therapy costs. It is possible that this protocol
could continue to be refined to meet a variety of patient
needs, with the least amount of resources. However, the ideal
model for protocols is likely one that incorporates evidence-
based guidelines. In that regard, INO outside of the neonatal
arena still remains controversial.
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