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Since its first description (1),
acute respiratory distress syn-
drome (ARDS) is still a thera-
peutic challenge in pediatric

intensive care, and it has been associated
with high mortality rate, despite better
understanding of its pathophysiology and
recent therapeutic advances (2).

The local effects of inhaled nitric oxide
(iNO) on oxygenation, inflammation, pul-
monary hypertension, edema, and capil-
lary permeability may account for its use
in ARDS. Rossaint et al. (3) first demon-
strated in adult ARDS patients that iNO
decreases intrapulmonary shunting and
improves arterial oxygenation. Abman et
al. (4), in 1994, described the beneficial
effects of iNO on oxygenation, pulmonary
hypertension, and cardiac index in chil-
dren with ARDS. Afterward, many studies
performed on adults (5–9) and children
(10–15), although confirming those ef-
fects, were not able to demonstrate a sus-
tained response to iNO therapy. However,
Dobyns et al. (16) observed sustained re-
sponse to iNO vs. placebo therapy in sub-
groups of pediatric patients (oxygenation
index �25 and immunocompromised
group). These authors explained that iNO
therapy did not sustain oxygenation im-
provement in all patients because they

were enrolled in the study in the later
stages of the disease.

The hypothesis that the response to
iNO therapy depends on its time of intro-
duction had already been stated by others
(17, 18), supporting the idea that early
iNO treatment may be more effective (19,
20). Recently (21), starting iNO adminis-
tration as early as 12 hrs after ARDS
diagnosis, we demonstrated acute and
sustained response of oxygenation in-
dexes.

In 2002, The Cochrane Library (22)
published a systematic review on the ef-
fects of iNO in acute hypoxemic respira-
tory failure in children and adults. Five
randomized controlled trails were evalu-
ated, assessing 535 patients. The review
concluded that iNO may be useful only as
a rescue treatment in first 24 hrs of the
disease. However, it is worth mentioning
that of these five studies, only one was
performed in children (16). Therefore,
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Objective: To determine the acute and sustained effects of
early inhaled nitric oxide on some oxygenation indexes and ven-
tilator settings and to compare inhaled nitric oxide administration
and conventional therapy on mortality rate, length of stay in
intensive care, and duration of mechanical ventilation in children
with acute respiratory distress syndrome.

Design: Observational study.
Setting: Pediatric intensive care unit at a university-affiliated

hospital.
Patients: Children with acute respiratory distress syndrome,

aged between 1 month and 12 yrs.
Interventions: Two groups were studied: an inhaled nitric oxide

group (iNOG, n � 18) composed of patients prospectively enrolled
from November 2000 to November 2002, and a conventional
therapy group (CTG, n � 21) consisting of historical control
patients admitted from August 1998 to August 2000.

Measurements and Main Results: Therapy with inhaled nitric
oxide was introduced as early as 1.5 hrs after acute respiratory
distress syndrome diagnosis with acute improvements in PaO2/
FIO2 ratio (83.7%) and oxygenation index (46.7%). Study groups
were of similar ages, gender, primary diagnoses, pediatric risk of
mortality score, and mean airway pressure. PaO2/FIO2 ratio was

lower (CTG, 116.9 � 34.5; iNOG, 62.5 � 12.8, p < .0001) and
oxygenation index higher (CTG, 15.2 [range, 7.2–32.2]; iNOG, 24.3
[range, 16.3–70.4], p < .0001) in the iNOG. Prolonged treatment
was associated with improved oxygenation, so that FIO2 and peak
inspiratory pressure could be quickly and significantly reduced.
Mortality rate for inhaled nitric oxide-patients was lower (CTG, ten
of 21, 47.6%; iNOG, three of 18, 16.6%, p < .001). There was no
difference in intensive care stay (CTG, 10 days [range, 2–49];
iNOG, 12 [range, 6–26], p > .05) or duration of mechanical
ventilation (TCG, 9 days [range, 2–47]; iNOG, 10 [range, 4–25], p
> .05).

Conclusions: Early treatment with inhaled nitric oxide causes
acute and sustained improvement in oxygenation, with earlier
reduction of ventilator settings, which might contribute to reduce
the mortality rate in children with acute respiratory distress
syndrome. Length of stay in intensive care and duration of me-
chanical ventilation are not changed. Prospective trials of inhaled
nitric oxide early in the setting of acute lung injury in children are
needed. (Pediatr Crit Care Med 2004; 5:469–474)

KEY WORDS: inhaled nitric oxide; acute respiratory distress syn-
drome; children; mechanical ventilation; respiratory failure; inten-
sive care
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the question about the potential role of
iNO therapy in ARDS is still open and
remains to be defined, mainly in children.

The aims of this study were a) to de-
termine the acute and sustained effects of
early iNO on some oxygenation indexes
and ventilator settings, to analyze the
weaning process, and to assess the safety
of nitric oxide inhalation; and b) to com-
pare iNO administration plus conven-
tional therapy with just conventional
therapy on mortality rate, length of stay
in intensive care, and duration of me-
chanical ventilation (MV) in children
with ARDS.

METHODS

This study was approved by the Human
Research and Ethics Committee of the Univer-
sity Hospital of Botucatu Medical School.
Written informed consent was obtained from
the parents or guardians of each child before
enrollment.

Patients. Children with ARDS, aged be-
tween 1 month and 12 yrs, and admitted to the
Pediatric Intensive Care Unit (PICU), were
considered potential subjects for this study.
ARDS was defined according to the American-
European Consensus Conference published in
1994 (23).

To assess the acute and sustained effects of
iNO, children admitted prospectively from No-
vember 2000 to November 2002 were selected
for the iNO group (iNOG, n � 18) only if they
showed �88% arterial oxygen saturation de-
spite a positive end-expiratory pressure
(PEEP) �10 cm H2O and FIO2 �0.6.

A historical control group was used for
comparison (conventional therapy group, or
CTG, n � 21). These children, admitted from
August 1998 to August 2000, were part of a
series of patients treated with conventional
therapy only, published in 2001 (24), to assess
pediatric ARDS incidence, gas exchange, and
mortality rate in our PICU. The same inclu-
sion criteria were used to select control pa-
tients. Therefore, from 24 patients who origi-
nally composed the historical group, three
were excluded (two died and one survived).
Control group demographic data are pre-
sented in Table 1.

Our aim was also to study ARDS patients
without chronic cardiac or pulmonary dis-
eases; therefore, patients with these diseases
were excluded.

The patients were monitored according to
standard PICU protocol. All the children had a
radial artery catheter for continuous monitor-
ing of systolic and diastolic pressures and
mean arterial pressure (MAP) and for blood
gas sampling. A central venous catheter was
used to obtain other biochemical values to
calculate Pediatric Risk of Mortality (PRISM)
III (25) score and to assess coexisting multiple
organ system failure. Lung function status

was assessed by oxygenation index (OI, mean
airway pressure � FIO2 � 100/PaO2; cm
H2O/mm Hg) and the PaO2/FIO2 ratio. OI was
used both as a measure of oxygenation and as
an indicator of mechanical ventilatory support
aggressiveness.

Diagnosis of multiple organ system failure
was based on the criteria proposed by Wilkin-
son et al. (26). Sepsis and septic shock were
defined according to the American College of
Chest Physicians/Society of Critical Care Med-
icine Consensus Conference (27).

Conventional Therapy. Initial ventilatory
management was performed with time-cycled
pressure-limited ventilators. PEEP was gradu-
ally increased to recruit lung volume and to
attain open alveoli, while avoiding clinical and
radiographic signs of lung hyperinflation.
Peak inspiratory pressure (PIP) was limited to
�35 cm H2O, permitting hypercapnia if nec-
essary and accepting arterial saturation of ox-
ygen between 88% and 90%. The median re-
spiratory rate was 30 (range, 25– 45) per
minute. The choice of ventilator was in accor-
dance with the ventilation protocol estab-
lished by the PICU, depending on the child’s
weight (�10 kg, Sechrist IV-100B, Sechrist
Industries, Anaheim, CA; �10 kg, Inter 5, In-
termed, São Paulo, Brazil). There were no
modifications in MV style of practice through-
out the study; permissive hypercapnia and
permissive hypoxia were in use throughout
both study periods, and no new mechanical
ventilators were acquired. Therefore, iNOG
and historical controls were both submitted to
the same MV protocol. Another variable that
could interfere with results is the use of cuffed

tubes; tracheal tubes with cuff were used to
treat children �8 yrs old, and leak around the
tube was not measured.

Routine ARDS management procedure in-
cluded treatment of the underlying diseases
and sedation with continuous intravenous in-
fusion of midazolam and/or fentanyl. The pa-
tients were paralyzed by continuous intrave-
nous infusion of atracurium when necessary.
Optionally, prone positioning was used as part
of conventional treatment (28), and no pa-
tients from both groups received surfactant or
steroids. Hemodynamic support included the
optimization of intravascular fluid volume,
guided by central venous pressure monitoring
and administration of catecholamines.

Inhaled Nitric Oxide Administration. In-
haled nitric oxide (NO) administration fol-
lowed the guidelines and techniques previ-
ously described (21, 29, 30). Briefly, NO
blended with nitrogen was obtained from 20-L
tanks connected to a pressure regulator (AGA
Medical S.A., São Paulo, Brazil). The concen-
tration in the tanks was certified by the sup-
pliers as 300 parts per million (ppm) of nitric
oxide in nitrogen. The NO was continuously
delivered to the patients via flowmeter, di-
rectly into the inspiratory limb of the ventila-
tor circuit, distal to humidifier from a point 30
cm distal to the child’s tracheal tube. Inhaled
nitric oxide and nitric dioxide (NO2) concen-
trations were measured using an electrochem-
ical sensor (J P Moryia Ind & Com Ltda, São
Paulo, Brazil) from samples of circuit gas ob-
tained as close as possible to the tracheal tube
via Y-piece. The NO/NO2 electrochemical sen-
sor gas analyzer was calibrated before use ev-

Table 1. Conventional therapy group demographic data

Patient
No.

Age, Months/
Gender

ARDS
Etiology

Other
MOSF

PRISM
(Mortality
Risk, %)

Inotropic
Support Outcome

1 8/F Septic shock CV 33 (51) DA, Dob, NE Survived
2 7/M Septic shock CV, C 29 (37) Dob Survived
3 96/M Trauma CV, C, K, L 25 (46) DA, Dob Died
4 3/F Septic shock CV, C, K, L 27 (53) DA, Dob Died
5 12/M Septic shock CV, C, K 22 (47) DA, Dob, NE Died
6 72/F Septic shock CV, C, K, N 27 (48) Dob Died
7 2/M Septic shock CV, C, R 32 (51) DA, Dob Died
8 3/F Septic shock CV, C, K, L, N 41 (53) DA, Dob Died
9 4/M Septic shock CV, C 18 (35) Dob Died

10 13/F Septic shock CV 17 (11) Dob Survived
11 113/M Septic shock 14 (12) Survived
12 4/M Pneumonia 15 (16) Survived
13 5/M Pneumonia 19 (34) Died
14 12/F Septic shock CV 17 (22) Dob Survived
15 6 Pneumonia — 21 (19) Survived
16 108/M Septic shock CV, K, L 23 (48) Dob Died
17 2/M Septic shock CV, K 25 (59) DA, Dob Died
18 44/F Pneumonia CV, K, N 17 (11) Dob Survived
19 16/F Pneumonia 16 (17) Survived
20 1/M Pneumonia 24 (37) Survived
21 3/F Pneumonia 18 (32) Survived

ARDS, acute respiratory distress syndrome; MOSF, multiple organ system failure; PRISM, pediatric
risk of mortality; F, female; M, male; CV, cardiovascular; C, coagulopathy; K, kidney; L, liver; DA,
dopamine; Dob, dobutamine; NE, norepinephrine.

470 Pediatr Crit Care Med 2004 Vol. 5, No. 5



ery day. Audiovisual alarms were calibrated at
a dose of 1 ppm above the iNO administered
dose and at a maximum level of 3 ppm NO2

concentration. The delivery system was
flushed thoroughly before use.

Inhaled Nitric Oxide Administration Pro-
tocol. Baseline measurements (time zero; T0)
were made at steady-state pressure control
ventilation immediately before starting iNO
administration. The conventional therapy and
ventilator settings were set and not changed
during the 4-hr dose-response test. Inhaled
NO was administered at a dose-response test of
20 ppm for 30 mins under the previously men-
tioned ventilator settings. Respiratory and he-
modynamic measurements were then per-
formed (T30 mins). Regardless of the response,
concentration was reduced to 10 ppm and
after a further 30 mins to 5 ppm. This latter
dose was maintained for a further 3 hrs to
complete the 4-hr trial (T4 hrs). Measurements
were taken at the end of each period. Positive
response was defined as an increase in PaO2/
FIO2 ratio of 10 torr (31) above the baseline
value, with 5 ppm dose at T4 hrs. If the patient
did not respond, a new trial was performed
with starting dose of 40 ppm for 30 mins and
then 10 ppm for 30 mins and 5 ppm for 3 hrs.
If the patient did not respond to this second
trial, a trial with a fixed dose of 20 ppm for 4
hrs was performed every day. Based on a pos-
itive response, iNO was continued at 5 ppm
until arterial saturation of oxygen �88% with
FIO2 � 0.6 was achieved. The iNO therapy was
then gradually withdrawn with decreases of 1
ppm/hr over 6–12 hrs. If withdrawal caused a
decrease in PaO2, requiring an increase of FIO2

by �20%, iNO was reset to the previous level.
The aim of this protocol was to maintain the
lowest dose of iNO associated with an im-
provement in oxygenation. Daily mean iNO
dose and the FIO2 and PIP levels were assessed
from the end of the 4-hr dose-response test to
the end of that day (d0) and over the following
days (d1, d2, d3. . .).

Methemoglobin concentration was mea-
sured immediately before and at each arterial
blood gas analysis after the beginning of iNO
therapy.

Statistical Analysis. Study groups were
compared for patient age, gender, PaO2/FIO2

ratio, OI, MAP, PaCO2, multiple organ system
failure diagnosis, catecholamine use, and
PRISM III score. We also compared intensive
care length of stay, duration of MV, ventilator
settings (PIP, FIO2, PEEP, and mean airway
pressure) during treatment period, and mor-
tality rate. Student’s t-test was used to com-
pare variables with normal distribution and
Mann-Whitney test when nonnormal distribu-
tion occurred. Goodman’s test was used to
analyze gender and survival per group.

Friedman’s repeated measures of variance
test was used to compare PaO2/FIO2 ratio, OI,
PaCO2, heart rate, and MAP at each moment of
the 4-hr dose-response test. Student’s t-test
and Mann-Whitney test were used to compare
ventilator settings and OI over the entire pe-

riod of iNO use. FIO2 values between groups
were compared using the profile analysis tech-
nique for two independent groups, consider-
ing four moments of evaluation; PIP values
were compared using repeated measurements
of variance test with two factors (groups and
moments). Normally and nonnormally distrib-
uted data were expressed as mean � SD and
median (ranges), respectively. Differences
were considered significant at p � 0.05.

RESULTS

Inhaled Nitric Oxide Therapy. Inhaled
nitric oxide therapy was introduced early.
The median duration between the time of
ARDS diagnosis and initiation of iNO
therapy was 1.5 hrs (range, 1–96), and
patients had received MV for 1–216 hrs
(median, 24.5 hrs) before enrollment.

iNOG—Acute Response to iNO Ther-
apy. Table 2 shows that immediately before
iNO therapy, the patients had marked oxy-
genation impairment demonstrated by the
mean of the PaO2/FIO2 ratio (70.08 � 24.1)
and by the median of the OI of 29.95
(range, 19–75). All but one patient had a
positive response at the end of T4 hrs. This
child showed hemodynamic instability due
to septic shock, being treated with dobut-
amine. Once stability was achieved, the pa-
tient became responsive and was included
in the protocol. The mean percentage im-
provement in PaO2/FIO2 ratio and OI from
baseline was 83.7% and 46.7%, respec-
tively. During the 4-hr dose-response test,
whereas heart rate values decreased, MAP
and PaCO2 did not show any significant vari-
ation. Partial arterial pressure of carbon
dioxide values as high as 101.1 torr were
observed using the permissive hypercapnia
approach.

iNOG—Sustained Response to iNO
Therapy. Figure 1 shows OI throughout
the treatment period; iNO therapy pro-

duced sustained OI improvement. Also,
ventilator settings that carry high risk of
ventilator-induced lung injury (PIP and
FIO2) could be significantly decreased from
d0 to d1 and subsequently from d1 to d2
and d2 to d3 (Table 3). The median iNO
treatment period was 2 days (range, 1–6)
and mean iNO dose was 4.03 � 1.59 ppm.

There were no serious adverse events
during iNO administration: Methemoglo-
bin concentrations did not rise above 1%
of total hemoglobin in any child, and
maximum NO2 concentration was 1.5
ppm. Discontinuation of iNO caused a
“rebound” of increased hypoxemia in two
children. Reintroduction of iNO promptly
corrected this, and therapy was success-
fully withdrawn 24 hrs later.

Groups’ Comparative Analysis. As
shown in Table 4, both groups were similar
in patient age, gender, primary diagnosis,
PRISM III score, catecholamine use, and
multiple organ system failure diagnosis.
Group comparison for mean airway pres-
sure, PEEP, and PaCO2 showed no statistical
difference (Table 5). However, PaO2/FIO2 ra-
tio was lower (CTG, 116.9 � 34.5; iNOG,
62.5 � 12.8, p � .0001) and OI higher
(CTG, 15.2 [range, 7.2–32.2]; iNO, 24.3
[range, 16.3–70.4], p � .0001) in iNOG,
indicating worse lung function in this
group at the time of ARDS diagnosis. Five
patients in each group received prone po-
sitioning therapy; three in each group used
cuffed tracheal tube.

The ventilator settings study (Fig. 2)
showed that for the iNOG, PIP levels at d3
(Fig. 2A) were lower (CTG, 28.3 � 5.85;
iNOG, 23.9 � 2.81, p � .05) whereas FIO2

levels at d0 (Fig. 2B) were higher (CTG,
0.64 � 0.16; iNOG, 0.91 � 0.16, p � .05).

The mortality rate in iNO patients was
lower (CTG, ten of 21, 47.6%; iNOG,
three of 18, 16.6%, p � .001). There was

Table 2. Acute Effect of Inhaled Nitric Oxide (iNO) on Oxygenation Indexes, Gas Exchange, and
Hemodynamic Variables During the 4-hr Dose-Response Test

Variable

Test Times (n � 18)

T0 T30 mins T4 hrs

PaO2/FIO2 70.08 � 24.1 110.22 � 34.7a 128.72 � 50.6a

OI, cm H2O/mm Hg 29.95 (19–75) 18.55a (10.1–44.6) 15.95a,b (5.2–32)
HR, beats/min 150 � 14.65 145 � 15c 143 � 12c

MAP, mm Hg 59.56 � 10.86 58.17 � 9.56 57.94 � 8.34
PaCO2, torr 55.15 (20.7–92.2) 53 (22.5–85.2) 50.3 (17.5–101.1)

T0, data from baseline, immediately before iNO administration; T30 mins, data at 30 mins; T4 hrs, data
at 4 hrs; OI, oxygenation index (mean airway pressure � FIO2 � 100/PaO2); HR, heart rate; MAP, mean
arterial pressure.

ap � .001 compared with T0; bp � .001 compared with T30 mins;
cp � .01 compared with T0,

Friedman test. Data are expressed as mean � SD and median (range).
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no statistical difference for intensive care
stay (CTG, 10 days [range, 2–49]; iNOG,
12 [range, 6–26], p � .05) and duration
of MV (CTG, 9 days [range, 2–47]; iNOG,
10 [range, 4–25], p � .05) between the
groups.

DISCUSSION

Our results show that iNO therapy
causes acute improvement in oxygen-
ation indexes, confirming other reports
in children (13, 15, 16, 20, 32) and adults

(5–7, 9, 33). For sustained response, how-
ever, there are a few reports on oxygen-
ation index behavior over time in pediat-
ric ARDS patients. One might expect that
acute positive response could be sus-
tained during the entire iNO therapy; this
has been very difficult to demonstrate (6,
7, 12, 13). While studying adult patients
and starting iNO administration within 3
days of ARDS diagnosis, Dellinger et al.
(33) observed an improvement in oxygen-
ation index over the first 4 days. Michael
et al. (7) observed no sustained response
after 24 hrs in patients in whom iNO
therapy was started up to 25 days after
ARDS diagnosis. These authors stated
that the lack of response after 24 hrs
might be because the same mechanisms
account for the oxygenation improve-
ment with iNO or conventional therapy
and that iNO may only bring them into
play earlier. However, Michael et al. (7)
included patients with severe disease who
were not responding to standard therapy.
In children, Dobyns et al. (16) only ob-
served sustained iNO response over 72
hrs in immunocompromised and OI �25
patients. The authors explained that oxy-
genation improvement was not sustained
in all patients because they were included
at later stages of the disease.

It was our aim to demonstrate that
early iNO administration, in optimally
ventilated patients with appropriate
PEEP levels, can have a sustained re-
sponse; this could reduce mortality rate,
length of PICU stay, and MV duration.

Different from previously mentioned
reports, we introduced iNO as part of our
therapeutic approach as soon as possible
after ARDS diagnosis. In addition to an
acute positive response, we observed sus-
tained improvement in oxygenation. We
also demonstrated an early decrease in
the ventilator settings that are associated
with high risk of baro/volutrauma and
oxygen toxicity (PIP and FIO2) and the
consequent reduction in MV aggressive-
ness. Razavi et al. (34), assessing iNO
effects on pulmonary inflammation in a
mouse model of sepsis-induced acute
lung injury, demonstrated that early iNO
exposure was associated with reduced
pulmonary leukocyte infiltration and less
oxidative injury. These authors con-
cluded that early iNO administration is of
clinical benefit in the natural history of
acute lung injury in clinical settings.
Moreover, it seems that iNO response is
better in patients with more severe respi-
ratory failure, as reported by Dobyns et al.
(16). As our historical group was statisti-

Figure 1. Evolution of oxygenation index (OI) during the 4-hr dose-response test and prolonged
inhaled nitric oxide (iNO) therapy for each patient, and the mean values (filled circles). Sustained
improvement could be seen in all patients. Two patients developed “rebound” during weaning process.
T0, baseline values; T30, at 30 mins with 20 ppm dose of iNO; T4h, end of the test with 5 ppm dose
of iNO; d0, period from the end of dose-response test to the end of the day of the beginning of iNO
therapy; d1–d4, the days of treatment; PAW, mean airway pressure.

Table 3. Ventilator Settings During Inhaled Nitric Oxide (iNO) Treatment

Variable

Day of Treatment

D0 D1 D2 D3

FIO2 0.91 � 0.16 0.66 � 0.17a 0.55 � 0.19a,b 0.51 � 0.07a,b

PIP, cm H2O 30 (25–35) 28a (22–35) 23.5a,b (17–35) 24a,b (20–30)

D0, period from the end of dose-response test to the end of the day of the beginning of iNO therapy;
D1, D2, D3, the days of treatment; FIO2, fraction of inspired oxygen; PIP, peak inspiratory pressure.

ap � .001 compared with D0; bp � .001 compared with D1, t and Mann-Whitney tests. Data are
expressed as mean � SD and median (range).

Table 4. Demographic and Clinical Characteristics of Patient Populations

CTG
(n � 21)

iNOG
(n � 18) p Value

Age in months, median (range) 7 (1–113) 12.5 (1–132) �.05
Gender

No. of males 11 9 �.05
No. of females 10 9

Primary diagnosis
Sepsis/septic shock (%) 13 (61.9) 10 (55.6) �.05
Pneumonia (%) 7 (33.3) 6 (33.3)
Trauma (%) 1 (4.8) 2 (11.1)

MOSF (%) 14 (66.7) 11 (61.1) �.05
Catecholamines (%) 14 (66.7) 11 (61.1) �.05
PRISM III score (%) 22.83 � 6.9 20.56 � 4.8 �.05

CTG, conventional therapy group; iNOG, inhaled nitric oxide group; MOSF, multiple organ system
failure; PRISM, pediatric risk of mortality.

Tests: t-test, Mann-Whitney, and Goodman.
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cally comparable with iNOG, and iNOG
lung function was even worse than CTG,
we believe that our findings may be ex-
plained by the early iNO administration.

Many studies have given no value to
iNO therapy because of a lack of impact
on mortality rate (9, 10, 15, 16, 33). How-
ever, it should be considered that the
improvement in oxygenation promoted
by NO inhalation therapy may contribute
to decreased MV intensity, as we have
demonstrated. This, in turn, may reduce
ventilator-induced lung injury, facilitate

the use of protective ventilatory strate-
gies, and have a positive effect on mor-
tality rate. This hypothesis needs to be
tested in larger randomized controlled
trials.

Lundin et al. (35) was the only study
in The Cochrane Library review (22) to
describe the influence of iNO therapy on
the length of stay in intensive care. These
authors found no difference in intensive
care stay when using iNO therapy; this is
in agreement with our findings. We also
found no difference in MV duration. Be-
cause of the small number of iNOG pa-
tients who died in our study, it is difficult
to make any further conclusions on these
issues at this time.

Inhaled NO Weaning, Side Effects,
and Toxicity. The abrupt withdrawal of
NO inhalation has been shown to produce
severe pulmonary vasoconstriction,
known as the “rebound” phenomenon (6,
36). Two of our children presented “re-
bound” and we had to increase FIO2 and
restart iNO during the weaning process.

Inhaled NO toxicity is mainly related
to the formation of NO2 and methemo-
globin. Nitrogen dioxide production rate
depends on iNO dose, FIO2, and length of
iNO treatment, the amount of NO2

formed being 1.14% of the NO dose (37).
Administration of the lowest iNO dose for
the shortest period in our protocol did
not increase NO2 levels �1.5 ppm. This
agrees with other studies performed in
children (12, 14–16, 38).

The reaction of NO with hemoglobin
produces methemoglobin. A methemo-
globin concentration �2% of total hemo-
globin can impair oxygen unloading and
worsen tissue hypoxia. Far higher doses
of iNO than those clinically used are not
expected to cause significant methemo-
globinemia in adults (8). Only two re-
ports have been published on significant
methemoglobinemia during iNO therapy
in neonates (39, 40). We did not observe
methemoglobin concentrations �1% to-

tal hemoglobin as seen in other studies
with children (10–12, 14, 15, 20, 38).
This suggests that iNO is safe for use with
children in low doses and with careful
monitoring.

Study Limitations. The statistical
power and level of evidence in this study
are limited due to its observational and
unrandomized design and the small
number of patients. Despite patients hav-
ing received the same standard ARDS
protocol (fluid therapy, catecholamines,
prone positioning, MV protective strat-
egy, and PEEP levels), cointerventions
over the 4-yr study period, as well as
PICU staff learning curve, could have var-
ied and contributed to the outcome.

CONCLUSIONS

Early treatment with iNO causes acute
and sustained improvement in oxygen-
ation, with earlier reduction in ventilator
settings, which might contribute to re-
duce mortality rate in children with
ARDS. Length of stay in intensive care
and duration of mechanical ventilation
are not changed despite the iNO group
being sicker than the control group.

In view of the complexity of ARDS
pathophysiology, it will be very difficult
to find a single therapy for the manage-
ment of this syndrome. Recognizing the
limitations of this study due to number of
cases and retrospective controls, we sug-
gest that early and/or sustained adminis-
tration of iNO should be subjected to
randomized controlled clinical trials in
acute lung injury in the PICU setting.

Figure 2. A, evolution of means of peak inspira-
tory pressure (Pip, cm H2O); and B, FIO2 over the
treatment period (d0–d3) for both groups. The
conventional therapy group values are repre-
sented as open circles and the inhaled nitric oxide
group values as filled circles. *p � .05, Friedman
test.

E arly treatment

with inhaled ni-

tric oxide causes

acute and sustained im-

provement in oxygenation,

with earlier reduction of ven-

tilator settings, which might

contribute to reduce the

mortality rate in children

with acute respiratory dis-

tress syndrome.

Table 5. Ventilator settings and gas exchange at enrollment in the conventional therapy group (CTG)
and in the inhaled nitric oxide group (iNOG)

CTG (n � 21) iNOG (n � 18) p Value

Paw 16.90 � 4.5 19.48 � 4.4 �.05
PEEP, cm H2O 11.87 � 1.28 12.31 � 1.58 �.05
PaCO2, torr 40.40 (30.3–64.3) 55.15 (20.7–92.2) �.05
PaO2/FIO2 116.89 � 34.5 62.49 � 12.8 �.0001
OI, torr/cm H2O 15.2 (7.2–32.2) 24.3 (16.3–70.4) �.0001

Paw, mean airway pressure; PEEP, positive end-expiratory pressure; OI, oxygenation index (mean
airway pressure � FIO2 � 100/PaO2).

Tests: t-test and Mann-Whitney. Values are mean � SD; median (range).
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