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Abstract

Aim : To establish a protocol for the early introduction of in-
haled nitric oxide (iNO) therapy in pediatric acute respiratory
distress syndrome (ARDS) patients and to assess its acute
and sustained effects on oxygenation and ventilator settings.
Patients and methods :Ten children with ARDS aged 1 to 132
months (median, 11 months) with arterial saturation of oxygen
< 88% while receiving a fraction of inspired oxygen (FiO,) 2 0.6
and a positive end-expiratory pressure of 3 10 cm H,O were
included. The acute response to iINO was assessed in a four-
hour dose-response test, and positive response was defined
as an increase in the PaO /FiO, ratio of 10 mm Hg above
baseline values. Conventional therapy was not changed during
the four-hour test. In the following days, patients who had shown
positive response continued to receive the lowest iINO dose.
Hemodynamic, PaO,/FiO,, oxygenation index (Ol), gas ex-
change, and methemoglobin levels were obtained when needed.
Inhaled nitric oxide withdrawal followed predetermined rules.
Results : Atthe end of the four-hour test, all the children showed
significant improvement in the PaO /FiO, ratio (63.6%) and
the Ol (44.9%) from the baseline values. Prolonged treatment
was associated with improvement in oxygenation, so that FiO,
and peak inspiratory pressure could be quickly and signifi-
cantly reduced. No toxicity from methemoglobin or nitrogen
dioxide was seen during the studly.

Conclusions :1- The iNO causes acute and sustained im-
provement in oxygenation without adverse effects; 2 - There
is an early reduction in ventilator settings during iNO treat-
ment; 3) INO administration to pediatric patients is safe.

Key words :inhaled nitric oxide, acute respiratory distress syn-
drome, arterial oxygenation, mechanical ventilation.

cute respiratory distress syndrome (ARDS) is the

most severe manifestation and the end spectrum

of acute lung injury. It has been associated with
high mortality rate, despite better understanding of its
pathophysiology and recent therapeutic advafces
There is an inflammatory process that causes a disrup-
tion of the alveolar-capillary barrier with consequent
interstitial and alveolar edema. A refractory hypoxemia
caused by ventilation/perfusion (V/Q) mismatching and
intrapulmonary shunting, and a decrease in lung com-
pliance can be se@nThere is also an increase of pul-
monary vascular resistance (PVR) which has a quick
onset persisting even after correction of hypoxia. The
PVR level is correlated with the severity of lung injury
and mortality®. Right ventricular (RV) failure and low
cardiac output may be consequences of pulmonary hy-
pertension (PH).

Treatment of underlying infections and ventilatory
support are the major tools for ARDS clinical manage-
ment. Although arterial oxygenation may be effectively
improved by mechanical ventilation (MV), it does not
reduce PH. More aggressive ventilatory strategies us-
ing high tidal volume (V) and peak inspiratory pres-
sure (Pip) also induce alveolar overdistention and cy-
clic reopening of collapsed alveoli, extending inflam-
matory structural injury to well-ventilated lung ar@as

The ARDS pathophysiology suggests that positive
effects can be achieved with the therapeutic use of va-

Department of Pediatrics, S&o Paulo State University, Botucatu Medical School
S#o Paulo, Brazil “Sodilators. However, systemic vasodilator therapy has

tIJDepartr?er‘é)fBlcistatlstlcs Botucatu Institute of Biosciences, Sdo Paulo Stateheen limited by its |na_b|||ty to reduce PVR without ad-
niversity, Brazi

Correspondence to: José Roberto Fioretto versely affecting systemic blood pressure. In addition,
UNESP - Faculdade de Medicina de Botucatu — Departamento de Pediatrigit can worsen gas exchange by increasing the perfusion

18.618-970 - Botucatu, Sao Paulo - Brasil — Caixa Postal: 530 of underventilated Iung regio‘ﬁ’s

Telefone: 55-14-68026274 / 55-14-68026083 — Fax: 55-14-68220421 g TR _ , .
e-mail: fioretto@fmb.unesp.br In the late 1980’s, nitric oxide (NO) was identified

114 Volume 13 - Numero 4 - Outubro/Dezembro 2001



capnia if necessary and accepting

Table 1 - Study inclusion and exclusion criteria h :
arterial saturation of oxygen (S0

Inclusion criteria _0no :
A. ARDS defined according to the American-European Consensus Conference®® between 83 9(.)/0' The ch0|ce_of
as: ventilator was in accordance with
1- A PaO,/FiO, ratio < 200 (regardless of the amount of Peep) the ventilation protocol established
2- Bilateral infiltrates on the frontal chest radiograph by the PICU, depending on the
, & Nodinical evidence of leftatrial hypertension children’s weight (less than 10 Kg:
. |_r|ng1e iately before enrollment: SaO, < 88% with FiO, > 0.6 and Peep =10 cm Sechrist IV-100B, Sechrist Indus-
2 H . H .
C. Ventilator settings: V. and Pip limited to 8mL/Kg and to < 35 cm H,0, tries; Anaheim, USA; m0r~e than 10
respectively Kg: Inter 5, Intermed; S&o Paulo,
D. Hemodynamic stability Brazil). Eligibility required Peep of

Exclusion criteri > 10 cm HO to guarantee mini-
xeusion eriena mally “open” alveoli, the so-called

A. Congenital cardiac disease “ )

B. Chronic lung disease open lung approack®, and hemo-

ARDS, acute respiratory distress syndrome; FiO,, fraction of inspired oxygen; Peep, positive- d)_/namlc Stablllty' On|3/ the pa_tlents
end expiratory pressure; SaO,, arterial saturation of oxygen; V., tidal volume; Pip, peak with SaQ|955 than 88 %, desplte the

inspiratory pressure. already mentioned ventilator set-
tings, and a fraction of inspired oxy-
as the endothelial derived relaxing and sustained effects of iNO on gen (FiQ) > 0.6 were immediately
factor”®, and its physiological| some oxygenation indexes and ven-assigned to the treatment protocol.
effects were first presented in tilator settings, 3) to analyze the  The exclusion criteria included
1992°10, Because of its high affin- weaning process, and 4) to assesatients with congenital cardiac dis-

ity for hemoglobin, inhaled nitric. the safety of NO inhalation. eases and chronic lung diseases. The
oxide (iNO) is rapidly and very inclusion and exclusion criteria are
specifically inactivated in the summarized in Table 1.

blood*? and does not vasodilate the This study was approved by the Hu-  Routine procedure of ARDS
systemic circulation. The rationale man Research and Ethics Commit- management included treatment of
for its use in ARDS is that the INO- tee of the University Hospital of the underlying diseases and seda-
induced vasodilation of pulmonary Botucatu Medical School. Written tion with continuous intravenous
vasculature adjacent to well-venti- informed consent was obtained (IV) infusion of midazolam and/or
lated alveoli increases blood flow from the parents or guardians of fentanyl. The patients were para-

to these lung areas and preferen-each child before enrollment. lyzed by the continuous IV infusion

tially shunt blood away from of atracurium when necessary. Op-
poorly ventilated regions, match- Patients, inclusion, tionally, prone positioning was used
ing V/Q and reducing intrapulmo- and exclusion criteria as part of conventional treatm@nt

nary shunt. This results in im- Children with ARDS®, aged be- Hemodynamic supportincluded the
proved oxygenation, and reduction tween one month and 12 years ad-optimization of intravascular fluid
of PVR and RV afterlodt’. Im- = mitted to the Pediatric Intensive volume guided by central venous
proving V/Q matching, iNO may Care Unit (PICU) at Botucatu Medi- pressure monitoring and administra-
allow less aggressive MV, mini- cal Schoolin 1999, were considered tion of catecholamines (dopamine,
mizing the risk of ventilator-in-| potential subjects for this study. Ini- dobutamine, and norepinephrine).
duced lung injury and morbidify). = tial ventilatory management was The patients were monitored ac-
There is, however, little informa- performed with time-cycled pres:- cording to standard pediatric inten-
tion about the appropriate time for sure-limited ventilators. Positive sive care protocol. All the children
iNO introduction, dosage, side ef- end-expiratory pressure (Peep) washad a radial artery catheter for con-
fects, and weaning in childréfA increased incrementally to recruit tinuous monitoring of systolic, di-
The aims of this prospective lung volume and maximize oxygen- astolic, mean arterial pressure
study performed in pediatric ARDS ation, while avoiding clinical and ra5 (MAP), and for blood gas sampling.
patients were: 1) to establish a pro- diographic signs of lung hyperinfla: Arterial blood gas was drawn from
tocol for the early introduction of tion. Tidal volume and Pip were lim- indwelling catheter for measure-
iNO associated with conventional ited to< 8 mL/Kg and to< 35 cm | ment of PaQ PaCQ and SaQas
therapy, 2) to determine the acute H,0, respectively, permitting hyper- needed. Other biochemical values to
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Table 2 —Clinical characteristics of the patients.

Pt.n°. = Age (months)/ Sex = LIS ARDS etiology Other MOSF PRISM score/ Inotropic Outcome
(mortality risk) support
-—-—————
11/F 2.6 Pneumonia 19 (37%) - Survived
-—-—————
1/F 3.3 Pneumonia 21 (41%) Survived
-—-—————
8/F 3.6 Septic shock CV;C;K;Gl 29 (52%) DA; Dob; NE Died
-—-—————
11/M 3.6 Septic shock Cv.C 27 (53%) DA; Dob Survived
-—-—————
10 3/F 3.6 Septic shock Ccv;C 23 (42%) DA; Dob Survived

Pt., patient; LIS, lung injury score; ARDS, acute respiratory distress syndrome; MOSF, multiple organ system failure; PRISM, pediatric risk of
mortality; F, female; M, male; CV, cardiovascular; C, coagulopathy; Gl, gastrointestinal; K, kidney; DA, dopamine;
Dob, dobutamine; NE, norepinephrine.

calculate pediatric risk of mortality followed the guidelines and tech- Study design
(PRISM) score and to assess coex-niques previously describ@d2), Patients were enrolled in the study
isting multiple organ system failure Briefly, NO blended with nitrogen' within 1 hour of reaching entrance
(MOSF) were obtained from central was obtained from 20-L tanks con- criteria (Table 1). Baseline measure-
venous line. Lung function status nected to a pressure regulator (AGAments {ime zero; TO) were made
was assessed by the oxygenation in-Medical S.A., Sao Paulo, Brakil  at steady-state pressure control ven-
dex (Ol: mean airway pressure | The concentration in the tanks was tilation immediately before starting
FiO,x 100/ PaQ cm HO/mm Hg) | certified by the suppliers as 300 iNO administration. The iNO was
and the Pag@FiO,ratio (mm Hg). = parts per million (ppm) of nitric ox-| administered at a dose-response test
The Ol was used both as a measurade in nitrogen. The NO was con- of 20 ppm for 30 minutes under the
of oxygenation and as an indicator tinuously delivered to the patients previously mentioned ventilator set-
of aggressiveness of mechanicalvia flowmeter, directly into the in-| tings. Respiratory and hemody-
ventilatory support. Methemoglobin spiratory limb of the ventilator cir- namic measurements were then per-
(MetHb) concentration was mea- cuit, distal to humidifier from a. formed ¢ime 30 minutes;
sured immediately before and at point 30 cm distal to the patients’ T30min). Regardless of the re-
each arterial blood gas analysis af- tracheal tube. Inhaled nitric oxide sponse, the concentration was re-
ter the beginning of iNO therapy. = and nitric dioxide (NG concentra- | duced to 10 ppm and after 30 min-
Diagnosis of MOSF was based tions were measured using an elec-utes to 5 ppm. This latter dose was
on the criteria proposed by trochemical sensor (J P Moryia Ind maintained for 3 more hours to com-
Wilkinson et al®*® modified by | & Com Ltda, Sado Paulo, Brazil | plete the 4-h trialt{me 4 hour;
Fioretto et al!®. Sepsis and septic from samples of circuit gas ob- T4h). At the end of each period, the
shock were defined according to the tained as close as possible to thedata were again obtained. Accord-
American College of Chest Physi- tracheal tube via Y-piece. The NO/ ing to the protocol, conventional
cians/Society of Critical Care Medi- NO, electrochemical sensor gas therapy and ventilator settings
cine Consensus ConfereffeThe = analyzer was calibrated before use should not be changed during the 4-
PRISM?Y and lung injury score every day. Audio-visual alarms h dose-response test. Positive re-
(LIS)@were calculated for each were calibrated at a dose of 1 ppm sponse was defined as an increase

patient at enroliment. above the iNO administered dose in PaQ/Fi0, ratio of 10 mm H§®
and at a maximum level of 3 ppm above the baseline value with 20
Inhaled nitric oxide NO, concentration. The delivery ppm dose at T30mim or 5 ppm dose
administration system was flushed thoroughly be- at T4h. If the patient did not match
Inhaled nitric oxide administration fore use. the criteria for success, a new trial
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was attempted with a starting dose compare the different evaluation rapy was 12 hours (1 to 48 hours).
of 40 ppm. If the patient did not re- times for each variab®. Differ- = The patients had received MV for 1
spond to this, a trial with a dose of ences were considered significant atto 216 hours (median, 24.5 hours)

20 ppm was performed every day. a P < 0.05. before enroliment.

Based on a positive response to the

dose-response test, INO was contin- Acute response to iINO

ued at a 5 ppm iNO dose until Sa0 therapy (Table 3)

> 88% with FiQ < 0.6 was achieved. Patients Immediately before the beginning of

The INO therapy was then with: Two hundred and forty-two patients iNO therapy, the patients had marked
drawn at gradual decreases of 1 ppmwere admitted at the PICU during impaired oxygenation demonstrated
per hour over 6-12 h. If withdrawal this study. Ten children fulfilled the by the median of the P4Bi0, ratio
caused a decrease in Ba@quir- = previous criteria to be enrolled at the of 64.6 mm Hg (32.1 to 106) and Ol
ing an increase of Fjby 20% or = iNO treatment protocol. The pa- of 29.95 cm HO/mm Hg (20.5 to
more, INO was reintroduced at the tients’ clinical characteristics are 75). All but one patient had a posi-
previous dose. The aim of this study shown in Table 2. The median age tive response to the initial trial with
was to maintain iNO at the lowest was 11 months (1 to 132 months), 20 ppm iNO dose at30min increas-
dose associated with an improve- including seven girls and three boys. ing 10 mm Hg in PagFi0, ratio, ac-
ment in oxygenation. The mean iNO Infections, such as sepsis/septic cording to the protocol. At4h, all
dose and the Fj0and Pip levels shock and pneumonia, were the patients showed significantly im-
from the end of the 4-h dose-re- most common ARDS etiologies, proved oxygenation indexes. The
sponse test to the end of the day of The patients had severe lung injury mean percentage improvement in
the beginning of INO treatment (d0) with mean LIS of 3.2 0.4, and = PaQ/Fi0, ratio from baseline was
and from the following days (d1, d2, mean PRISM score 22£24.6, pre- | 63.6% and in Ol was 44.9%. During

d3....) were assessed. dicting a mean mortality risk of, the 4-h dose-response test, the heart
43.9%= 6.6%. The MOSF was di- rate (HR), MAP, and PaC@id not
Statistical Analysis agnosed in six cases when cat-show any significant variation. Par-

Normally and non-normally distrib- echolamines were used. Inhaled ni- tial arterial pressure of carbon diox-
uted data are expressed as mean tric oxide therapy was introduced as ide values as high as 82 mm Hg (10.9
SD and median (ranges), respec-early as possible; the median dura- kPa) were observed using permissive
tively. Friedman Repeated Mea- tion between the time of ARDS di- hypercapnia approach. The conclu-
sures of Variance Test was used ! agnosis and initiation of iNO the- sion of this 4-hour study allowed the
PICU staff to continue iNO admin-
istration beyond the dose-response

Table 3 — Acute effect of INO on the oxygenation indexes, gas exchange, test period in all children.

and hemodynamic variables during the four-hour dose-response test.

Test times Sustained response
T30min (20 ppm) T4h (5 ppm) to iNO therapy

The time course of the Ol over four

299 19.4 * 16.5 * ure 1. The iNO therapy caused sus-

(cmH O/mmHg) (20.5-75) (10.1-43.4) (8-32) tained improvement in the Ol over

the following days of treatment.
ing risk of ventilator-induced lung

152 150 147.5

(bpm) (130-165) (126-166) (126-162) injury could be significa_ntly de-
creased (Table 4). The FjQevels

to d1, and subsequently from d1 to

Data expressed as median (ranges); iNO, inhaled nitric oxide; TO, data from baseline; ; _
T30min, data at 30 min; T4h, data at four hour; ppm, parts per million Ol, oxygenation index d2 and from d2 to d3. Also, Plp lev
(mean airway pressure x FiO, x 100 / PaO,); HR, heart rate; MAP, mean arterial pressure; els were reduced from d1 to d2 and
mm Hg, millimeters of mercury; cm H,O, centimeters of water; bpm, beats per minute; *p < from d2 to d3. As part of the ARDS

0.05 compared with TO (Friedman'’s test). therapeutic strategy Peep did not

Volume 13 - Numero 4 - Outubro/Dezembro 2001 117



Table 4 — Ventilator settings during iNO treatment

Days of treatment

do di d2 d3

30
(25-35)

29.2
(26-35)

Pip
(cmH,0)

27 *#
(22-35)

25 *#f
(20-30)

Data expressed as median (ranges); iNO, inhaled nitric oxide; dO, period from the end of
dose-response test to the end of the day of the beginning of iINO therapy; d1, d2 and d3
indicate the days of treatment FiO,, fraction of inspired oxygen; Pip, peak inspiratory pressure;
Peep, positive end-expiratory pressure *p < 0.05 compared with dO; #p < 0.05 compared
with d1; *p < 0.05 compared with d2 (Friedman’s test).

change significantly during the first

Rossaint et &b first demon-

was observed in more than half of
the patients. The mean PRISM score
and mortality risk on admission
were also similar to that found by
these authof¥.

Administration protocol and
patients’ selection

In view of the lack of consensus re-
garding what should be taken as an
acute positive response to iNO
therapy, and according to many au-
thors who state that in a critically
hypoxemic patient even a small im-
provement in oxygenation may be of
clinical benefit'4?, a 10 mm Hg in-
crease in PafFi0, ratio was consid-

days of treatment (Table 4). The strated in 10 adult ARDS patients ered to be a positive response. The
mean iINO treatment period was 3.3 that iNO decreases intrapulmonary use of this wider criterion instead of
+ 1.83 days; the mean dose usedshunting and improves arterial oxy- a stricter one (20% increase in a0
2.63+ 1.03 ppm; and the mean time genation. In newborn babies, iINO Fi0, ratio, ref. 43) permitted that
seems to be an advance in the men-more patients could be considered
There were no serious adverse agement of hypoxemic respiratory responsive to iNO therapy. It has also

of MV 14.2+ 3.8 days.

events during iNO administration;
methemoglobin levels did not rise
over 1% of total hemoglobin in any
child, and the maximum N@on-
centration was 1.5 ppm.

Discontinuation of iINO causeo
“rebound” which increased hypox:
emia in two children (Figure 1, pa-
tients 7 and 8). Reintroduction of
iNO promptly corrected this mani-
festation, and the therapy could be
withdrawn 24 hours later.

The only fatal outcome (Table 2,
patient 6) was caused by septic
shock due to an intestinal infection

failure and primary pulmonary hy-
pertensiofi®®Y, This has opened the
possibility that iINO can also be an
important therapy for older children
with ARDS. In 1994, Abman et@
described beneficial effects of INO
on oxygenation and pulmonary hy-
pertension in 10 pediatric ARDS pa-
tients.

This is the first report in Brazil
aiming to establish a strict protocal
for the early use of iNO in children
with ARDS.

Patients’ clinical characteristics

(E. coli). This patient developed dis- Despite the small number of pa-
seminated intravascular coagulation tients in this study, the major etiolo-

been recommended that the dose-re-
sponse test results should be consid-
ered at 4 h, since patients may have
a response at that time that was not
present at 30 minutéd One of the
children did not fulfill our criterion
for acute positive response at the first
30 minutes, but achieved it at 4 h.
Therefore, patients’ response to a
dose-response test should be post-
poned to the end of the trial.

There is a strong trend to use
iNO doses lower than 40 ppm in
ARDS, since higher concentrations
may worsen oxygenati¢ii“044)
Presumably, when higher doses are
used, penetration occurs in less aer-

(DIC), which did not respond to
blood factor replacement therapy.

Since its first descriptid#?, ARDS

is still a therapeutic challenge in pe-
diatric intensive care. The iNO lo-
cal effects on oxygenation, inflam*
mation, pulmonary hypertension
(RV afterload), edema, and capillary
permeability may account for its use
in ARDS.

118

gies and children’s ages (Table 2) ated portions of the lung with a loss

are similar to those in other stud-
ies®337 All subjects showed evi-
dence of uniformly severe lung in-
volvement in radiographic exam
and had LIS as high as 8%°. In

relation to the severity of the dis*
ease, Demirakca et &P found

MOSF in all their patients. Also, the
mean PRISM score was 2846.1,

predicting a mean mortality risk of
54% + 15%. In our report, MOSF

of iINO physiological benefit$.
Therefore, according to our proto-
col, the maximum iNO dose would
be 40 ppm during the dose-response
test. In our cases, however, it was
not necessary to use higher doses
than 20 ppm.

Ventilator settings
The administration of iNO results
in macro and microselectivity ef-
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Figure 1 - Time course of
oxygenation index during the

80 | —e— Patient1 —0-- Patient6 :
) . our-hour dose-response test
O Patient2  —4 ~Patient 7 and prolonged inhaled nitric
70 —¥— Patient3 —<— Patient8 oxide (INO) therapy for each
—v- - Patient4 - -A-- Patient 9 patient, and the mean curve.
— , . Sustained improvement could
jc:» 60 —=&— Patient 5 Patient 10 be seen in all patients. Two
c —&— Mean Curve children (patients 7 and 8)
E 50 developed “rebound” during
5 the weaning process.
o~ TO, baseline values; T30mim,
L 40 at 30 min with 20 ppm dose of
g iNO; T4h, end of the test with
- 30 ] 5 ppm dose of iNO; d0, period
(@) from the end of dose-response
i test to the end of the day of the
20 beginning of iINO therapy;
d1....d4, the days of treatment.
10

TO T30 T4h dO d1 d2 d3 d4

4-hour test Following days

fects on the pulmonary vascula- but levels as high as 16 cm® | study in later stages of the disease,
ture*®, While the macroselective were needed (Table 4). In addition, as mentioned in other repdttg?.
effect is obtained through direct as a protective lung approach, V. Experimental studi€d>?have sup-
vasodilation of pulmonary arteries, and Pip were limited, permitting ported the idea that early iNO treat-
microselectivity is achieved by the high levels of PaCQ ment can be more effective. While
inhalation route that limits the ad- studying adult patients and starting
ministration of NO to aerated lung  Acute and sustained response | iINO administration within three
regions. This selective vasodilation to iNO therapy days of ARDS diagnosis, Dellinger
directs the blood flow from unven- Our results show that iINO causes et al*® observed an improvement in
tilated shunted areas to ventilated acute improvement in oxygenation oxygenation index over the first four
but underperfused areas, matchingindexes in children, as reported in days. Michael et &P started iINO
V/Q and improving oxygenation, literaturg®34404448) The same re-| therapy in some patients up to 25
the so-called “steal phenomen8fi’ | sults were also found in adutts®4®- = days after ARDS diagnosis and ob-
However, it has been shown that re- 59, However, there are a few reporis served thatimprovement in oxygen-
sponsiveness to iINO may be signifi- on oxygenation indexes over time ation was not sustained after 24
cantly influenced by the application in pediatric ARDS patients. It would hours. These authors reported that
of sufficient Peefy**”. Accordingto = be expected that the acute positivethe lack of response after 24 h might
recent recommendati6f, the clini- = response could be sustained duringbe due to the fact that the same
cal use of iNO therapy in ARDS the entire INO therapy, which has mechanisms account for the oxy-
must be limited to patients who are been very difficult to demonstra: genation improvement with iNO or
optimally ventilatedvith appropri- = te®3374350 Dobyns et at®observed | conventional therapy and that iNO
ate levels of Peep, which seems tosustained response to iNO versusmay only bring them into play ear-
recruit additional alveoli for gas placebo therapy at 72 h only in sub- lier. It is important to mention, how-
exchange. Therefore, it is funda- groups of patients (Ol > 25 and in ever, that patients with severe dis-
mental that a clearly defined level the immunocompromised group). ease, who were not responding to
of Peep be incorporated into any These authors explained that iINO standard therapy, were identified in
study that attempts to evaluate iNO therapy did not sustain the improve- their inclusion criteri@®.

therapy. In our protocol, the mini{ ment in oxygenation in all patients Differently from previously
mal level of Peep was 10 cm®, | because they were enrolled in the mentioned reports, we included iNO
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as part of our therapeutic approachiNO therapy is worthless. However,

by starting its administration as it should be considered that the im-

soon as possible (median, 12 hours)provement in oxygenation pro-
after ARDS diagnosis. In addition moted by NO inhalation therapy
to the acute positive response in themay contribute to decrease MV in-
4-h dose-response test, we observedensity. This, in turn, may reduce
a sustained improvement in oxygen- ventilator-induced lung injury, fa-
ation during four days (Figure 1). cilitate the use of new ventilator
We also demonstrated an early de-strategies, including permissive hy-
crease in the ventilator settings in- percapni&®, and then have a posi-
dicating high risk of baro/volu- tive effect on morbidity. We agree
trauma, oxygen toxicity (Pip and with Petros et & in relation to the
Fi0,), and a consequent reduction (n replacement of mortality by mor-
MV aggressiveness (Table 4). This bidity as an end point to evaluate
was also observed in other stud- the role of a new therapy in inten-
ies®49 QOur findings may be ex- sive care environment.

taneously from NO and oxygen and
contaminates ambient air, producing
oxidative damage in terminal bron-
chioles and proximal alve&. Ni-
trogen dioxide production rate de-
pends on the INO dose, Fjilength
of treatment with iINO; the amount
of NO, formed being 1.14% of the
NO dosé®®. The administration of
the lowest dose of iNO for the short-
est period in our protocol did not in-
crease Nfevels more than 1.5 ppm,
according to several studies per-
formed in childrefi’-394448)

The reaction of NO with hemo-
globin produces MetHb. The MetHb

plained by the early start of INO

Our study was not designed to level above 2% of total hemoglobin

administration and the clearly de- assess the effects of INO therapy oncan impair the unloading of oxygen
fined criterion for Peep utilization mortality rate. However, itisimpor- and worsen tissue hypoxia. Doses
prior to NO inhalation. tant to mention that only one fatal of iNO far higher than those clini-
Another important aspect is that outcome was observed. Therefore, cally used are not expected to cause
the response to iNO is better with the early administration of iNO significant methemoglobinemia in
primary (pneumonia) than second- therapy, reducing morbidity in pa: adult$®®. Only two reports have
ary (sepsis/septic shock) ARBS | tients with ARDS, may lead to a de- been published on significant me-
The reasons for this different re- crease in mortality. This hypothesis themoglobinemia during iNO the-
sponse are not fully know#®s354) needs verification in larger con- rapy in neonaté¥°. We did not ob-
Primary and secondary pulmonary trolled trials. serve MetHb levels higher than 1%
injuries were the main etiologies of total hemoglobin as seen in other
identified in our study. We were not Inhaled NO weaning studies in childre@-404448) This
able to demonstrate any differences and side effects suggests that iNO is safe for chil-
in response to iINO therapy between It has been shown that the abruptdren when used in low doses and
these groups because of the smallwithdrawal of NO inhalation pro- with careful monitoring.
number of cases. duces severe pulmonary vasocon- It has also been described that
In summary, there are many fac- striction, known as “rebound” phe+: iINO therapy can interfere with
tors interfering with sustained re- nomenoif3%®. Therefore, it has plateletfunction and increase bleed-
sponse to iNO: iINO dose, differ- been recommended that iNO the- ing time only in the presence of
ences between patients, severity ofrapy should be slowly decreased to coagulopath§?. The importance of
underlying lung diseases, different 1 ppm before withdrawal and pa- this iNO therapy effect remains un-
definitions of significant clinically | tients should be strictly monitored clear. In this study, the only child
response, length of respiratory fail- during the weaning procedu: who died had septic shock with re-
ure before treatment, level of alveo- re>435.5) Demirakca et & used = fractory DIC, and it was not pos-
lar recruitment during MV, and pri- as a predictor of successful wean- sible to assess the influence of INO
mary versus secondary ARDS. Dif- ing an Ol of <5 cm HO/mm Hg. = on coagulopathy.
ficulties in demonstrating a sus- Two of our children showed “re-
tained beneficial effect of NO inha- bound” and we had to increase Fi0 Study limitations
lation may be related to these fac- and restart the iINO during the wean- The main limitation of our study is

tors, which are not easily controlled ing process. the small number of cases and lack
in clinical trials. of control group. However, our main
Lack of demonstrable iNO effect Toxicity purpose was to establish a protocol

on mortality rate in ARDS patients The iNO toxicity is mainly related, for the early use of iINO together
have been observed in many stud-to the formation of NQand MetHb. | with other current treatments in pe-
ieg®544.484951) This could mean thal Nitrogen dioxide is produced spon- diatric ARDS patients.
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In this study, we demonstrated acute
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therapy in pediatric ARDS patients
and observed a decrease in MV in- g
tensity during four days. If this in-
terferes with morbidity and/or mor-
tality is to be confirmed. We have
also concluded that iINO adminis-
tration did not cause any serious ad-g
verse effect on our patients.

In view of the complexity of
ARDS pathophysiology, it can be
assumed that it will be very diffi-
cult to find a single therapy for the
management of this syndrome. In
contrast, iNO therapy must be used
in conjunction with other standard 11
therapeutic approaches for better re-
sults. We believe that further ran-
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