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Abstract The objective of this study was to determine

whether a combination of inhaled nitric oxide (iNO) and

O2 is more effective than 100% O2 or iNO alone for acute

vasodilator testing in children. An open, prospective, ran-

domized, controlled trial was conducted at 16 centers.

Subjects were children 4 weeks to 18 years of age with

pulmonary hypertension (PH) and increased pulmonary

vascular resistance (PVR) undergoing right heart cathe-

terization for acute vasodilator testing. All patients were

tested with each of three agents (80 ppm iNO, 100% O2,

combination of 80 ppm iNO/100% O2) in three 10-min

treatment periods, and hemodynamic measurements

obtained. Primary outcome measures were percentages of

acute responders with O2 alone vs. iNO/O2 and iNO alone

vs. iNO/O2. More patients on the combination were acute

responders compared with O2 or iNO alone (26% vs. 14%,

P = 0.019, and 27% vs. 24%, P = 0.602, respectively).

Changes in PVR index and mean pulmonary arterial

pressure vs. baseline were greater with iNO/O2 vs. either

O2 or iNO alone (P \ 0.001). Survival at 1-year follow-up

included (1) 90.9% of acute responders to the combination,

compared with 77.8% of nonresponders to the combina-

tion, and (2) 85.7% of acute responders to O2 alone,

compared with 80.6% of nonresponders to O2. Key con-

clusions are as follows. In children with PH and increased

PVR, more acute responders were identified with the iNO/

O2 combination vs. O2 alone. While there was no signifi-

cant difference in acute responder rate with iNO alone vs.

iNO/O2, the combination improved pulmonary hemody-

namics acutely better than iNO alone. One-year survival

data show similar rates between the iNO/O2 and the O2

alone groups; however, the combination may be more

effective than O2 alone in discriminating survivors versus

nonsurvivors at long-term follow-up.
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Pulmonary hypertension (PH) is defined by a mean pul-

monary artery pressure (PAPm) of C25 mm Hg at rest.

When the PH is associated with increased pulmonary

vascular resistance (PVR), the PH is, by consensus, pul-

monary arterial hypertension (PAH) and is defined by (1)

PAPm C25 mm Hg at rest, (2) pulmonary capillary wedge

pressure (PCWP) B15 mm Hg, and (3) PVR index (PVRI)

[3 U � m2 [2, 20]. For PAH patients, i.e., PH patients with

increased PVR, an acute response with acute vasodilator

testing is useful in predicting efficacy with chronic calcium

channel blockade in medically treated patients [5, 6, 18,

21–23] and in predicting prognosis following surgical

interventions (e.g., congenital heart surgery and/or heart or

heart–lung transplantation) [3, 11, 16]. True PAH acute

responders, i.e., idiopathic PAH acute responders treated

with calcium channel blockers, have an excellent progno-

sis, with a 95% 5-year survival rate [23, 25].

Oxygen (O2) is a pulmonary vasodilator and systemic

vasoconstrictor. Previously, 100% O2 was considered

standard for acute vasodilator testing, especially in pedi-

atric PH patients with unrepaired congenital heart disease

(CHD), to determine surgical operability [13, 19]. How-

ever, some patients with a reactive pulmonary vasculature

fail to respond to acute vasodilator testing with O2 alone

[1, 10]. In PAH, inhaled nitric oxide (iNO) can acutely

decrease PAPm and PVRI selectively, with minimal sys-

temic effects [8, 12, 15, 17]; iNO has a short half-life,

rapidly binding to hemoglobin to form methemoglobin. In

a pilot study, iNO in combination with O2 (iNO/O2)

appeared to decrease PVRI and PAPm (more than either

agent alone) in pediatric PH patients [1].

The objective of this study was to determine if the iNO/

O2 combination is better for acute vasodilator testing than

either 100% O2 alone or iNO alone. Furthermore, we were

interested in evaluating whether these data would be useful

in predicting long-term outcomes in children with PH and

increased PVR. The study design included prospectively

following all patients for up to 3 years after acute vasodi-

lator testing to address this question.

Materials and Methods

Study Participants

Consecutive children undergoing cardiac catheterization

were prospectively enrolled at 16 centers in the United

States and Europe (September 2004–October 2006). The

study was conducted according to ICH Good Clinical

Practice; prior to study initiation, the study was approved

both by national health authorities of individual countries

and by local ethics committees. Inclusion criteria included

an age of 4 weeks to 18 years and a diagnosis of PH

with PVRI[3 U � m2. Patients were studied under general

anesthesia or with conscious sedation, according to the

practice of the investigator. Exclusion criteria included

PCWP[20 mm Hg, focal infiltrates on chest X-ray, history

of intrinsic lung disease, and treatment with a phosphodi-

esterase inhibitor, prostacyclin analogue, or sodium nitro-

prusside. Written informed consent (and assent as

appropriate) was obtained from all parents and/or patients.

Interventions

Patients were studied during five periods: Baseline 1,

Treatment 1, Treatment 2, Baseline 2, and Treatment 3. All

patients were to receive three study treatments, with

treatment sequence randomized by center in blocks of four;

these sequences were generated centrally and provided to

the investigators in sealed envelopes for each patient

individually. Treatment was not blinded. In Treatment 1,

patients received either 80 ppm iNO alone or 100% O2

alone, and in Treatment 3, they received the alternative. All

patients received the 80 ppm iNO/100% O2 combination in

Treatment 2. A 10-min washout period occurred after

Treatment 2, prior to the second set of baseline measure-

ments. No washout was necessary after Treatment 1, as all

patients received 80 ppm iNO/100% O2 in Treatment 2.

Patients under general anesthesia were intubated and

received NO for inhalation via an INOvent delivery system

through a t-connector downstream of the inspiratory limb

of a mechanical ventilator. Patients under conscious seda-

tion received NO for inhalation via an INOvent delivery

system through a properly fitted, sealed face mask. A total

of 52% of patients received study drug via endotracheal

tube, while the remaining 48% did so via face mask.

Once the sequence was assigned, treatment was unblin-

ded. Each treatment was for 10 min prior to obtaining

hemodynamics, and Baseline 2 was C10 min. Serious

adverse events were recorded until hospital discharge or for

24 h, whichever occurred first. Cardiac index was obtained

by thermodilution (if no shunts) or by Fick (with shunts). For

Fick, O2 consumption was determined by each investiga-

tor according to local practice. INO/Ikaria Therapeutics

(Clinton, NJ, USA) provided iNO study drug and delivery

devices.

Outcome Measures

The primary outcome measures were the acute response

rate with O2 alone vs. the iNO/O2 combination and the

acute response rate with iNO alone vs. the iNO/O2 com-

bination. Patients were classified as ‘‘acute responders’’ as

follows [5, 6, 18, 21, 22, 25].
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1. Patients without an unrestricted shunt at the ventricular

or ductal level: PAPm decrease C20% and no cardiac

index decrease (within 5%).

2. Patients with an unrestricted shunt at the ventricular or

ductal level: PAPm decrease C20% and no cardiac

index decrease (within 5%) or PVRI decrease C25%

and no cardiac index decrease (within 5%).

Secondary outcome measures included changes vs.

baseline in PVRI, PAPm, cardiac index, and vital signs.

Sample Size

A sample size of 100 patients (with C25 CHD patients and

C25 idiopathic PAH patients) was calculated at 80% power

to detect a 24% response rate difference between iNO/O2

and O2 alone, with a type 1 error of 5%.

Statistical Methods

All analyses were performed at INO Therapeutics by Instat

LLC (Mendham, NJ, USA) using SAS Proprietary Soft-

ware Release 9.1 (SAS Institute Inc., Cary, NC, USA).

There was no imputation of missing data. For demo-

graphics and efficacy tabulation statistics, patients with

missing data were not included in the denominator for the

frequency percentage calculations. Response rate differ-

ences were tested using the McNemar test for paired pro-

portions. Since all patients were to receive all three

treatments, a random effects ANCOVA was used to test

continuous variables, with patient and baseline value in the

model. Carryover effects were not tested.

Intent-to-treat patients were all patients randomized

regardless of actual receipt of treatment, treatment

received, or appropriateness of enrollment after baseline

measurements. Efficacy analyses were also performed on

the per-protocol population. The per-protocol population

included all patients who took study medication and met all

enrollment criteria.

Results

Patient Disposition

One hundred thirty-six patients were randomized and 124

received at least one treatment; of these, 78 met all

enrollment criteria. One hundred nine patients had data

collected with both iNO/O2 and with O2 alone, 108 had

data collected with both iNO/O2 and with iNO alone, and

106 had data collected with both iNO alone and with O2

alone (Table 1, Fig. 1). Forty-three percent of randomized

patients had a baseline PVRI B3 U � m2 (due to PVRI

calculated after study completion), i.e., did not meet all

inclusion criteria. All patients were included in the intent-

to-treat population (Fig. 1).

Baseline Characteristics

Patients ranged in age from 4 weeks to 18 years. The

predominant associated condition was CHD (100 patients;

74%); of the 100 patients, 75 (75%) had an unrestricted

shunt at the ventricular or ductal level and 6 (6%) also had

pulmonary venous hypertension with PCWP[15 mm Hg).

Baseline PVRI was well matched across the three treat-

ments (mean ± SD U � m2) with O2 (10.0 ± 9.7), NO and

O2 (10.8 ± 10.3), and NO (10.3 ± 10.3). Across patients,

Table 1 Baseline demographics

Parameter Value

Age, yr N = 136

Mean ± SD 6 ± 6

Min, max 0.1, 18.7

Weight (kg) N = 136

Mean ± SD 20 (17)

Min, max 2.7, 70.0

Gender, n N = 136

Male 68 (50%)

Female 68 (50%)

Race, n N = 136

White 81 (60%)

Black 55 (40%)

Diagnosis, n

Idiopathic PAH 30 (22%)

Cardiomyopathy 6 (4%)

CHD 100 (74%)

Shunt 75 (75%)

No shunt 25 (25%)

PVRI (mean baseline) 10.4 U � m2

PAPm (mean baseline) 45 mm Hg

Intubated for procedure, n

Yes 65 (48%)

No 61 (45%)

Unknown 10 (7%)

Supplemental oxygen at baseline, n

Yes 30 (22%)

No 106 (78%)

Cardiac output method, n

Fick 103 (76%)

Thermodilution 29 (21%)

Unknown 4 (3%)

Note: CHD congenital heart disease, PAH pulmonary arterial hyper-

tension, PAPm mean pulmonary artery pressure, PVRI pulmonary

vascular resistance index
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baseline PVRI was not significantly different between

Baseline 1 and Baseline 2. In the intent-to-treat population,

the mean baseline PVRI was 10.3 vs. 14.2 U � m2 in the

per-protocol population.

Efficacy

Due to the crossover design of the study, we were able to

compare the percentage of acute responders in each of the

three treatment groups (Fig. 2). Of the 109 patients tested

both with O2 alone and with iNO/O2, 16 (14%) and 28 (26%)

patients, respectively, were acute responders (Table 2a;

P = 0.019 McNemar test). Of the 108 patients tested both

with iNO alone and with iNO/O2, 26 (24%) and 29 (27%)

patients, respectively, were acute responders (Table 2b;

P = 0.602). Of the 106 patients tested both with O2 alone

and with iNO alone, 16 (15%) and 25 (24%) patients,

respectively, were acute responders (Table 2c; P = 0.117).

The results showed no differences between (1) the intent-to-

treat and the per-protocol populations, (2) patients with and

those without shunts, or (3) patients who were intubated and

those who were not. Seven patients met the criteria for acute

response to O2 alone but not to the combination. These

patients either had a drop in cardiac index of[5% or had a

significant difference between the first and the second

baseline such that the change in PAPm or PVRI in the final

treatment period did not meet the criteria.

All three treatments decreased PVRI and PAPm vs.

baseline (Table 3). The iNO/O2 combination decreased

PVRI and PAPm more than either O2 or iNO alone

(P \ 0.001). Similar changes were seen in the per-protocol

population and in patients with vs. without shunts. Across

all treatments, the idiopathic PAH patients and the PH

patients with pulmonary venous hypertension, i.e., PCWP

[15 mm Hg, were more likely to respond to acute vaso-

dilator testing than associated PAH patients with CHD

(P = 0.034). There were no significant changes in systemic

hemodynamic parameters (Table 3).

One-year follow-up data were available for 85 of the

136 randomized patients, of whom 70 were alive and 15

had died (Table 4). In the primary end-point cohort of 109

patients, data were available for 76 patients at 1 year. Two

of the 22 acute responders to the iNO/O2 combination

(9.1%) and 2 of the 14 acute responders to O2 alone

(14.3%) had died. The survival rate of the acute responders

to the iNO/O2 combination appeared to be higher than that

of either O2 alone nonresponders or iNO/O2 combination

nonresponders (90.9% vs. 80.6% and 77.8%, respectively).

The survival rate of iNO/O2 acute responders also appeared

to be higher than that of O2 alone acute responders. These

data support the hypothesis that the 1-year prognosis for

acute responders to the combination of iNO/O2 (90.9%) is

comparable to that for acute responders to O2 alone

(85.7%). Whether survival at 2 or 3 years remains similar

will require further study.

Adverse Events

Of the 124 patients who received at least one treatment, 7

reported a serious adverse event; 4 were considered treat-

ment related by the investigator. Serious adverse events

were reported for four of the seven patients during the study,

with two of the patients stopping study treatment due to the

Discontinued Study Medication
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Delivery device failure: 1
Consent withdrawn: 0
Request of investigator: 3
Protocol violation: 0
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Death: 0
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Table 2 Outcomes: Intention-

to-treat population

Note: iNO, inhaled nitric oxide
a P = 0.019, McNemar test
b P = 0.602, McNemar test
c P = 0.117, McNemar test

Treatment with combination iNO and O2 (n = 109)

(A) Treatment with combination iNO and O2 vs. O2 alonea

Treatment with O2 Nonresponder Responder Total

Nonresponder 74 (68%) 19 (18%) 93

Responder 7 (6%) 9 (8%) 16

Total 81 28 109

Treatment with combination iNO and O2 (n = 108)

(B) Treatment with combination iNO and O2 vs. iNO aloneb

Treatment with iNO Nonresponder Responder Total

Nonresponder 64 (59%) 18 (17%) 82

Responder 15 (14%) 11 (10%) 26

Total 79 29 108

Treatment with iNO (n = 106)

(C) Treatment with iNO alone vs. O2 alonec

Treatment with O2 Nonresponder Responder Total

Nonresponder 69 (65%) 21 (20%) 90

Responder 12 (11%) 4 (4%) 16

Total 81 25 106

Table 3 Summary of hemodynamic changes (intention-to-treat population)

Treatment

iNO and O2 O2 alone iNO alone

Cardiac output, l/min (SD) Baseline 2.26 (1.43) 2.23 (1.37) 2.33 (1.35)

D from baseline -0.03 (1.01) -0.03 (0.70) 0.03 (0.88)

% D from baseline -1.3% -1.3% 1.3%

PVRI, U � m2 (SD) (n = 117) (n = 113) (n = 113)

Baseline 10.8 (10.30) 10.0 (9.65) 10.3 (10.33)

Posttreatment 7.8 (8.75) 8.5 (8.63) 9.2 (10.45)

D from baseline -2.9 (4.75) -1.5 (3.13) -1.1 (3.04)

% D from baseline -29.6% -15.2% -15.9%

SVRI, U � m2 (SD) Baseline 17.2 (8.86) 17.6 (9.22) 18.0 (8.44)

Posttreatment 18.7 (9.04) 18.9 (8.78) 17.8 (9.40)

D from baseline 1.4 (5.94) 1.3 (5.16) -0.2 (4.65)

% D from baseline 8.1% 7.4% -1.1%

PVRI/SVRI ratio Baseline 0.628 0.568 0.572

Posttreatment 0.417 0.450 0.517

% D from baseline -32.6% -20.8% -9.7%

(n = 124) (n = 121) (n = 120)

PAPm, mm Hg (SD) Baseline 45.3 (16.78) 44.2 (16.30) 45.0 (17.57)

Posttreatment 38.3 (16.38) 40.7 (14.57) 41.0 (17.94)

D from baseline -7.1 -3.5 -4.1

Note: iNO inhaled nitric oxide, PAPm mean pulmonary artery pressure, PVRI pulmonary vascular resistance index, SVRI systemic vascular

resistance index. Pairwise comparisons (change in PVRI): iNO ? O2 vs. O2, P \ 0.001; iNO ? O2 vs. iNO, P \ 0.001; O2 vs. iNO, P = 0.171.

Pairwise comparisons (change in PAPm): NO ? O2 vs. O2, P \ 0.001; NO ? O2 vs. iNO, P \ 0.001; O2 vs. iNO, P = 0.637
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serious adverse event; one patient died. Serious adverse

events were also reported in three other patients in the

immediate poststudy period; two patients died (Table 5).

Given the short duration of each treatment, it was prob-

lematic to assign a relationship to one specific intervention.

Discussion

As PAH treatments increase, and our ability to successfully

repair CHD or perform heart or heart–lung transplantation

improves, the importance of adequately evaluating these

patients with acute vasodilator testing becomes more

important than in prior decades, when medical treatments

were more limited and surgical techniques less advanced.

Based on the results of this study, the iNO/O2 combination

identified more acute responders than O2 alone, although

the acute response rate with the combination was not sig-

nificantly different than with iNO alone. However, iNO/O2

decreased PVRI and PAPm more than either O2 alone or

iNO alone. All three treatments were pulmonary selective,

i.e., neither systemic vascular resistance (SVR) nor cardiac

index changed; however, the PVR-to-SVR ratio decreased

the most with iNO/O2. In addition, at 1-year follow-up,

children who responded to the combination appeared to be

just as likely to survive as those who responded to O2

alone. Whether this will remain at longer follow-up

requires further study.

The rationale for acute vasodilator testing in the diag-

nostic evaluation of PH patients with increased PVR is based

on two factors: (1) acute responders appear to have a better

prognosis (whether treated medically or surgically), and (2)

acute responders treated medically are more likely to have a

sustained beneficial response with calcium channel blockers

than nonresponders [5, 6, 18, 21–23, 25]. Furthermore,

treating nonresponders with calcium channel blockers is

contraindicated. The ideal acute vasodilator testing agent is

pulmonary selective with a short half-life. Current acute

vasodilator testing recommendations in adult PAH patients

are to use either iNO or intravenous epoprostenol [4, 9, 14].

Although there are no evidence-based guidelines for selec-

tion of vasodilators, the consensus is that iNO is the preferred

vasodilator, while intravenous epoprostenol is an acceptable

alternative. Based on the data from this study, at least in

children, the iNO/O2 combination appears to be similar to

iNO alone in identifying acute responders, but better than O2

alone (although the magnitude of the changes is greatest with

the combination vs. either agent alone).

The definition of a ‘‘positive’’ response remains con-

troversial. For adult PAH patients, the criteria for an acute

Table 4 One-year survival rates for children with PH and increased PVR according to AVT responses

Subjects with 1-yr follow-up information (n = 76)

O2 responder O2 nonresponder iNO ? O2 responder iNO ? O2 nonresponder

N 14 62 22 54

Died 2 12 2 12

Alive 12 50 20 42

% survival 85.7 80.6 90.9 77.8

Note: AVT acute vasodilator testing, iNO inhaled nitric oxide, PH pulmonary hypertension, PVR pulmonary vascular resistance

Table 5 Serious adverse events

Baseline diagnosis Baseline PCWPm (mm Hg) Eventa Outcome Relationship

CHD 18 Hypotension/cardiac arrest Fatal Not related

CHD 10 Hypotension/bradycardia Fatal Related

CHD 9 Hypoxia/bradycardia Fatal Related

CHD 20 Pulmonary edema Recovered Unrelated

IPAH 10 Cardiac arrest Recovered Related

IPAH 7 Hypoxia Recovered Unrelated

CHD 30 Hypoxia/ECG changes Recovered Related

Note: CHD congenital heart disease, ECG electrocardiogram, IPAH idiopathic pulmonary arterial hypertension, PCWPm mean pulmonary

capillary wedge pressure
a Event, outcome, and relationship are as per investigator’s assessment
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responder had been a C20% PAPm decrease without a

cardiac index decrease for C25 years [5, 6, 18, 21, 22].

Based on a long-term idiopathic PAH adult follow-up study

[23], however, the current consensus for acute response

was recently changed to a decrease in PAPm of

C10 mm Hg, leading to an absolute PAPm of

B40 mm Hg, with a normal or high cardiac index.

Unfortunately, this new definition may not identify all

children who are acute responders with demonstrated long-

term calcium channel blocker efficacy [25]. In the present

study, the response criteria utilized appeared to effectively

identify those children with a variety of PH conditions who

were likely to do well at follow-up.

The current standard of care includes acute vasodilator

testing before considering chronic vasodilator therapy.

Inclusion of children with PH associated with cardiomy-

opathy allowed us to examine whether vasodilator therapy

could have a potential role as a palliative bridge to trans-

plantation. Baseline PCWP was limited to a maximum of

20 mm Hg in the interest of safety. However, based on this

study, it remains unclear whether vasodilator therapy can

sufficiently lower PVRI to a level considered acceptable to

perform a heart transplant alone, without the need for

combined heart–lung transplantation.

Serious adverse events were reported in 5.7% of the

patients, comparable with an approximate 6% rate of

serious adverse events in published surveys [7, 24]. Inhaled

NO can induce acute pulmonary edema in patients with

pulmonary venous hypertension. Three of the seven serious

adverse events occurred in patients with PCWPs [15 mm

Hg, including one CHD patient in whom acute vasodilator

testing with iNO further increased the PCWP, precipitating

acute pulmonary edema. We suggest that clinicians remain

mindful of left ventricular function during acute vasodila-

tor testing.

Study limitations include the following. (1) Patients who

had a large decrease in PAPm and PVRI but a small

decrease in cardiac index ([5% change) were not consid-

ered acute responders based on prespecified criteria.

However, these strict criteria for identifying acute

responders requiring ‘‘no’’ decrease in cardiac index may

have underestimated this population, i.e., a 5–10%

decrease in cardiac index may represent an acceptable

variability when cardiac index remains within the normal

range with acute vasodilator testing. (2) Discrepancies

between the intent-to-treat and the per-protocol populations

occurred because patients were enrolled prior to calculation

of baseline PVRI, with precatheterization PVRI estimates

higher than PVRI calculated from cardiac catheterization

data. In patients with shunts, echocardiographic PVRI

estimates are often inaccurate despite reasonably accurate

right ventricular systolic pressure estimates. Because of

inaccurate prestudy PVRI estimates, some patients

completed the study before baseline PVRI was calcu-

lated, i.e., the calculated baseline PVRI had not exceeded

3.0 U � m2 as required in the inclusion criteria. Nonethe-

less, our findings remain consistent for both intent-to-treat

and per-protocol analyses. Patients with PVRI just below

3.0 U � m2 demonstrated acute vasoreactivity during the

study treatments in a manner similar to patients with higher

PVRI. Our study is consistent with the pilot study by Atz

et al. [1], who also found an apparent advantage with the

iNO/O2 combination than with either agent alone. Addi-

tionally, Balzer et al. [3] reported that iNO/O2 vs. O2 alone

increased the number of CHD patients with PH meeting the

surgical operability criteria. (3) Although the first and last

treatments were randomly assigned, the second treatment

was always the iNO/O2 combination. Without randomiza-

tion of all three treatments, we cannot exclude an interac-

tion of time with treatment or investigator bias.

Nevertheless, the results appear to be robust and consistent

and are further strengthened by the results at 1-year follow-

up.

This study confirms the pulmonary selectivity with iNO;

furthermore, acute vasodilator testing with the iNO/O2

combination identified more acute responders than with O2

alone. Although there were no significant differences noted

in the acute response rate with the iNO/O2 combination vs.

iNO alone, the combination decreased PAPm, PVRI, and

the PVR/SVR ratio more than either agent alone. There-

fore, we recommend acute vasodilator testing with the

iNO/O2 combination.

The 1-year survival data in this study may provide some

insight as to the benefit of acute vasodilator testing utilizing

an iNO/O2 combination vs. O2 alone. While overall survival

was similar between the combination and the O2 alone

groups (91% vs. 86%), an appreciable difference in 1-year

survival between acute responders and nonresponders in

each respective group was observed (91% vs. 78% and 86%

vs. 81% in the combination and O2 alone groups, respec-

tively). Thus, the combination of iNO with O2 may be more

effective than O2 alone in discriminating survivors versus

nonsurvivors long-term. This, however, can only be eluci-

dated by future trials that examine patients who are simi-

larly treated based on acute vasodilator testing response. In

addition, whether these differences between acute

responders and nonresponders will continue to increase

over longer follow-up remains to be determined and will

provide another focus of future research in this area.

Further follow-up should also help us determine the

‘‘best’’ definition for an acute responder and the utility of

acute vasodilator testing with the iNO/O2 combination vs.

iNO alone, both in predicting the prognosis in medically

treated pediatric PH patients with increased PVRI and in

predicting surgical/interventional suitability in CHD

patients with PH and increased PVRI.

604 Pediatr Cardiol (2010) 31:598–606

123



Acknowledgments This study was sponsored by INO Therapeutics/

Ikaria, Clinton, New Jersey, USA. Investigators are as follows.

France: Prof. D. Sidi, Dr. G. Agnoletti, Hôpital Necker Enfants
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