
oc~LuL.auvu of excess fluid behind the failing ventricle may no 
exist. For example, patients with long-standing aortic valve 
or systemic hypertension may have ankle edema, congestive 

, and systemic venous distention late in the course of 
even though the abnormal hemodynamic burden initially 

on the left ventricle. This occurs in part because of the 
pulmonary hypertension and resultant right-sided heart fail­

also because of the retention of salt and water characteristic 
of heart failure (Chap. 37). The muscle bundles composing 

~enul~·"'"~ are continuous, and both ventricles share a common 
mten•enm(;UI:w: septum. Also, biochemical changes that occur 

failure and that may be involved in the impairment of myocar­
(Chap. 232), such as norepinephrine depletion and alter-

the activity of myosin ATPase, occur in the myocardium of 
regardless of the specific chamber on which the abnor­

"'""m~m"· .. burden is placed initially. 
ARD VERSUS FORWARD HEART FAILURE For 

a controversy has revolved around the question of the 
of the clinical manifestations resulting from heart failure. 
of backward heart failure contends that in heart failure, 

other ventricle fails to discharge its contents or fails to fill 
As a consequence, the pressures in the atrium and venous 

the failing ventricle rise, and retention of sodium and 
as a consequence of the elevation of systemic venous 
pressures and the resultant transudation of fluid into the 

space (Chap. 37). In contrast, the proponents of the forward 
hypothesis maintain that the clinical manifestations of 

result directly from an inadequate discharge of blood into 
system. According to this concept, salt and water retention 

'""""',"''" of diminished renal perfusion and excessive proximal 
sodium reabsorption and of excessive distal tubular reabsorp­

activation of the renin-angiotensin-aldosterone system. 
distinction between backward and forward heart failure 
distinction between right and left heart failure) is artificial, 

mechanisms appear to operate to varying extents in most 
with heart failure. However, the rate of onset of heart failure 

nttue11Ce~s the clinical manifestations. For example, when a large 
of.the left ventricle is suddenly destroyed, as in myocardial 

although stroke volume and blood pressure are suddenly 
(both manifestations of forward failure), the patient may sue­
acute pulmonary edema, a manifestation of backward failure. 

survives the acute insult, clinical manifestations resulting 
depressed cardiac output, including the abnormal 

of fluid within the systemic vascular bed, may develop. 
in the case of massive pulmonary embolism, the right ventri­

and the systemic venous pressure may rise to high 
:ba1:k~vard failure), or the patient may develop shock secondary 

output (forward failure), but this low-output state may 
be maintained for some days before sodium and water retention 

to produce peripheral edema occurs. 
OF CARDIAC OUTPUT The redistri-

so that the delivery of oxygen to vital organs, such as 
and myocardium, is maintained at normal or near-normal 

flow to less critical areas, such as the cutaneous and 
beds and viscera, is reduced. Vasoconstriction mediated by 

nervous system is largely responsible for this redistribu­
in turn may be responsible for many of the clinical manifes­
eart failure, such as fluid accumulation (reduction of renal 

fever (reduction of cutaneous flow), and fatigue (re­
muscle flow). 

WATER RETENTION (See also Chap. 37) 

. volume of blood pumped by the left ventricle into the 
Vascular bed is reduced, a complex sequence of adjustments 
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occurs that ultimately results in the abnormal accumulation of fluid. 
On the one hand, many of the troubling clinical manifestations of 
heart failure are secondary to this excessive retention of fluid; on the 
other, this abnormal fluid accumulation and the expansion of blood 
volume that accompanies it also constitute an important compensatory 
mechanism that tends to maintain cardiac output and therefore perfu­
sion of the vital organs. Except in the terminal stages of heart failure, 
the ventricle operates on an ascending, albeit depressed and flattened, 
function curve (Fig. 232-6), and the augmented ventricular end-dia­
stolic volume and pressure characteristic of heart failure must be 
regarded as helping to maintain the reduced cardiac output, despite 
causing pulmonary and/or systemic venous congestion. 

Congestive heart failure is also characterized by a complex series 
of neurohumoral adjustments. The activation of the adrenergic nervous 
system is discussed on p. 1285; there is also activation of the renin­
angiotensin-aldosterone system and increased release of antidiuretic 
hormone. These influences elevate systemic vascular resistance and en­
hance sodium and water retention and potassium excretion. These ac­
tions are, to a minor extent, opposed by the release of atrial natriuretic 
peptide, which also occurs in congestive heart failure. Patients with se­
vere heart failure may exhibit a reduced capacity to excrete a water load, 
which may result in dilutional hyponatremia. In the presence of heart 
failure, effective filling of the systemic arterial bed is reduced, a condi­
tion that initiates the renal and hormonal changes mentioned above. 

The elevation of systemic venous pressure and the alterations of 
renal and adrenal function characteristic of heart failure vary in their 
relative importance in the production of edema in different patients 
with heart failure. The renin-angiotensin-aldosterone axis is activated 
most intensely by acute heart failure, and its activity tends to decline 
as heart failure becomes chronic. In patients with tricuspid valve 
disease or constrictive pericarditis, the elevated venous pressure and 
the transudation of fluid from systemic capillaries appear to play the 
dominant role in edema formation. On the other hand, severe edema 
may be present in patients with ischemic or hypertensive heart disease, 
in whom systemic venous pressure is within normal limits or is only 
minimally elevated. In such patients, the retention of salt and water 
is probably due primarily to a redistribution of cardiac output and a 
concomitant reduction in renal perfusion, as well as activation of 
the renin-angiotensin-aldosterone axis. Regardless of the mechanisms 
involved in fluid retention, untreated patients with chronic congestive 
heart failure have elevations of total blood volume, interstitial fluid 
volume, and body sodium. These abnormalities diminish after clinical 
compensation has been achieved by treatment. 

CLINICAL MANIFESTATIONS OF 
HEART FAILURE 

Dyspnea Respiratory distress that occurs as the result of in­
creased effort in breathing is the most common symptom of heart 
failure (Chap. 32). In early heart failure, dyspnea is observed only 
during activity, when it may simply represent an aggravation of tile 
breathlessness that occurs normally under these circumstances. As 
heart failure advances, however, dyspnea appears with progressively 
less strenuous activity. Ultimately, breathlessness is present even when 
the patient is at rest. The principal difference between exertional 
dyspnea in normal persons and in patients with heart failure is the 
degree of activity necessary to induce the symptom. Cardiac dyspnea 
is observed most frequently in patients with elevations of pulmonary 
venous and capillary pressures. Such patients usually have engorged 
pulmonary vessels and interstitial pulmonary edema, which may be 
evident on radiologic examination. This reduces the compliance of 
the lungs and thereby increases the work of the respiratory muscles 
required to inflate the lungs. The activation of receptors in the lungs 
results in the rapid, shallow breathing characteristic of cardiac dyspnea. 
The oxygen cost of breathing is increased by the excessive work of 
the respiratory muscles. This is coupled with the diminished delivery 
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of oxygen to these muscles, which occurs as a consequence of the 
reduced cardiac output and which may contribute to fatigue of the 
respiratory muscles and the sensation of shortness of breath. 

Orthopnea Dyspnea in the recumbent position is usually a later 
manifestation of heart failure than exertional dyspnea. Orthopnea oc­
curs because of the redistribution of fluid from the abdomen and 
lower extremities into the chest causing an increase in the pulmonary 
capillary hydrostatic pressure, as well as elevation of the diaphragm 
accompanying supine posture. Patients with orthopnea must elevate 
their heads on several pillows at night and frequently awaken short 
of breath or coughing (the so-called nocturnal cough) if their heads 
slip off the pillows. The sensation of breathlessness usually is relieved 
by sitting upright, since this position reduces venous return and pulmo­
nary capillary pressure, and many patients report that they find relief 
from sitting in front of an open window. In far-advanced heart failure, 
orthopnea may become so severe that patients cannot lie down at all 
and must spend the entire night in a sitting position. On the other hand, 
in other patients with long-standing, severe left ventricular failure, 
symptoms of pulmonary congestion may actually diminish with time 
as the function of the right ventricle becomes impaired. 

Paroxysmal (Nocturnal) Dyspnea This term refers to attacks 
of severe shortness of breath and coughing that generally occur at night, 
usually awaken the patient from sleep, and may be quite frightening. 
Though simple orthopnea may be relieved by sitting upright at the 
side of the bed with legs dependent, in the patient with paroxysmal 
nocturnal dyspnea, coughing and wheezing often persist even in this 
position. The depression of the respiratory center during sleep may 
reduce ventilation sufficiently to lower arterial oxygen tension, particu­
larly in patients with interstitial lung edema and reduced pulmonary 
compliance. Also, ventricular function may be further impaired at night 
because of reduced adrenergic stimulation of myocardial function. 
Cardiac asthma is closely related to paroxysmal nocturnal dyspnea 
and nocturnal cough and is characterized by wheezing secondary to 
bronchospasm-most prominent at night. Acute pulmonary edema 
(Chap. 32) is a severe form of cardiac asthma due to marked elevation 
of pulmonary capillary pressure leading to alveolar edema, associated 
with extreme shortness of breath, rales over the lung fields, and the 
transudation and expectoration of blood-tinged fluid. If not treated 
promptly, acute pulmonary edema may be fatal. 

Cheyne-Stokes Respiration Also known· as periodic or cyclic 
respiration, Cheyne-Stokes respiration is characterized by diminished 
sensitivity of the respiratory center to arterial Pc02• There is an apneic 
phase, during which the arterial P02 falls and the arterial Pc02 rises. 
These changes in the arterial blood stimulate the depressed respiratory 
center, resulting in hyperventilation and hypocapnia, followed in tum 
by recurrence of apnea. Cheyne-Stokes respiration occurs most often 
in patients with cerebral atherosclerosis and other cerebral lesions, but 
the prolongation of the circulation time from the lung to the brain that 
occurs in heart failure, particularly in patients with hypertension and 
coronary artery disease and associated cerebral vascular disease, also 
appears to precipitate this form of breathing. 

Fatigue, Weakness, and Abdominal Symptoms These nonspe­
cific but common symptoms of heart failure are related to the reduction 
of perfusion of skeletal muscle. Exercise capacity is reduced by the 
limited ability of the failing heart to increase its output and deliver 
oxygen to the exercising muscle. Anorexia and nausea associated with 
abdominal pain and fullness are frequent complaints and may be related 
to the congested liver and portal venous system. 

Cerebral Symptoms In severe heart failure, particularly in el­
derly patients with accompanying cerebral arteriosclerosis, reduced 
cerebral perfusion, and arterial hypoxemia, there may be alterations in 
the mental state characterized by confusion, difficulty in concentration, 
impairment of memory, headache, insomnia, and anxiety. Nocturia is 
common in heart failute and may contribute to insomnia. 

PHYSICAL FINDINGS (See Chap. 227) In moderate heart 
failure, the patient appears to be in no distress at rest except that he 

or she may be uncomfortable when lying flat for more than a 
minutes. In more severe heart failure, the pulse pressure 
diminished, reflecting a reduction in stroke volume, and oc(:aston~ 
the diastolic arterial pressure is elevated as a consequence of 
ized vasoconstriction. In acute heart failure, hypotension may 
inent. There may be cyanosis of the lips and nail beds and 
tachycardia, and the patient may insist on sitting upright 
venous pressure is often abnormally elevated in heart failure 
be recognized by observing the extent of distention of 
veins. In the early stages of heart failure, the venous pressure 
be normal at rest but may become abnormally elevated 
immediately after exertion as well as with sustained pressure 
abdomen (positive abdominojugular reflux). 

Third and fourth heart sounds are often audible but are not 
for heart failure, and pulsus altemans, i.e., a regular rhythm in 
there is alternation of strong and weak cardiac contractions and 
fore alternation in the strength of the peripheral pulses, may be 
Pulsus alternans, a sign of severe heart failure, may be 
sphygmomanometry and in more severe instances by 
frequently follows an extrasystole and is observed most COinrrtonl 
patients with cardiomyopathy or hypertensive or ischemic 
disease. 

Pulmonary Rales Moist, inspiratory, crepitant rales and 
to percussion over the lung bases are common in patients with 
failure and elevated pulmonary venous and capillary pressure8: 
patients with pulmonary edema, rales may be heard widely over 
lung fields; they are frequently coarse and sibilant and may be 
panied by expiratory wheezing. Rales may, however, be 
many conditions other than left ventricular failure. Some 
with long-standing heart failure have no rales because of 
lymphatic drainage of alveolar fluid. 

Cardiac Edema (See Chap. 37) This is usually aep•endlent.,:CQ 
curring in the legs symmetrically, particularly in the pretibial 
and ankles in ambulatory patients, in whom it is most pnnnime11t 
the evening, and in the sacral region of individuals at bed rest. 
edema of the arms and face occurs rarely and then only late in 
course of heart failure. 

Hydrothorax and Ascites Pleural effusion in congestive 
failure results from the elevation of pleural capillary pressure. 
transudation of fluid into the pleural cavities. Since the pleural 
drain into both the systemic and pulmonary veins, hydrothorax 
most commonly with marked elevation of pressure in both 
systems but also may be seen with marked elevation of pressure 
either venous bed. It is more frequent in the right pleural cavity 
in the left. Ascites also occurs as a consequence of transudation 
results from increased pressure in the hepatic veins and the 
draining the peritoneum (Chap. 46). Marked ascites occurs · 
frequently in patients with tricuspid valve disease and rnr1otrtctrve 
pericarditis. 

Congestive Hepatomegaly An enlarged, tender, pulsating 
also accompanies systemic venous hypertension and is observed 
only in the same conditions in which ascites occurs but also in 
forms of heart failure from any cause. With prolonged, severe hepat(}l­
megaly, as in patients with tricuspid valve disease or chronic constric• 
tive pericarditis, enlargement of the spleen, i.e., congestive splenomeg­
aly, also may occur. · 

Jaundice This is a late finding in congestive heart failure arid 
is associated with elevations of both the direct- and indirect-reacting 
bilirubin; it results from impairment of hepatic function secondary. to 
hepatic congestion and the hepatocellular hypoxia associated with 
central lobular atrophy. Serum transaminase concentrations are fte;. 
quently elevated. If hepatic congestion occurs acutely, the jaundice 
may be severe and the enzymes strikingly elevated. . 

Cardiac Cachexia With severe chronic heart failure there may 
be serious weight loss and cachexia because of (1) elevation of circulat­
ing concentrations of tumor necrosis factor; (2) elevation of the meta­
bolic rate, which results in part from the extra work performed by the 
respiratory muscles, the increased oxygen needs of the hypertrophied 
heart, and/or the discomfort associated with severe heart failure; (~} 
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nausea, and vorrutmg due to central causes, to digitalis 
or to congestive hepatomegaly and abdominal fullness; 

of intestinal absorption due to congestion of the intesti-
and (5) rarely, in patients with particularly severe failure 

side of the heart, protein-losing enteropathy. 
:Manifestations With reduction of blood flow, the extrem­

be cold, pale, and diaphoretic. Urine flow is depressed, and 
contains albumin and has a high specific gravity and a 

:enuauvu of sodium. In addition, prerenal azotemia may be 
·patients with long-standing severe heart failure, impotence 

are common. 
FINDINGS In addition to the en­

particular chambers characteristic of the lesion respon­
failure, distention of pulmonary veins and redistribution 
is common in patients with heart failure and elevated 

vascular pressures. Also, pleural effusions may be evident 
with interlobar effusions. 

DIAGNOSIS The diagnosis of conge!)tive 
failure may be established by observing some combination of 

manifestations of heart failure described above, together 
findings characteristic of one of the etiologic forms of heart 
Table 233-1 shows the Framingham criteria, which are useful 

diagnosis of heart failure. Since chronic heart failure is often 
with cardiac enlargement, the diagnosis should be ques­

but is by no means excluded, when all chambers are normal 
Two-dimensional echocardiography is particularly useful in 

the dimensions of each cardiac chamber. Heart failure may 
to distinguish from pulmonary disease, and the differential 

is discussed in Chap. 32. Pulmonary embolism also presents 
of the manifestations of heart failure, but hemoptysis, pleuritic 
pain, a right ventricular lift, and the characteristic mismatch 

ventilation and perfusion on lung scan should point to this 
(see Chap. 261). 
edema may be due to varicose veins, cyclic edema, or 

v•u•uvnru effects (Chap. 37), but in these patients there is no jugular 
hypertension at rest or with pressure over the abdomen. Edema 

to renal disease can usually be recognized by appropriate 
function tests and urinalysis and is rarely associated with eleva­

of venous pressure. Enlargement of the liver and ascites occur in 
with hepatic cirrhosis and also may be distinguished from 

failure by normal jugular venous pressure and absence of a 
abdominojugular reflux. 

Criteria for Diagnosis of Congestive Heart Failnre* 

reduced by one-third from normal 
acny~cardlia (""' 120 bpm) 

a clinical diagnosis of congestive heart failure by these criteria, at least 
major and two minor criteria are required. 

KKL Ho et al, Circulation 88:107, 1993. 
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The treatment of heart failure may be divided logically into three 
components: (1) removal of the precipitating cause, (2) correction 
of the underlying cause, and (3) control of the congestive heart 
failure state. The first two are discussed in other chapters together 
with each specific disease entity or complication. An example is 
the treatment of pneumococcal pneumonia and acute heart failure 
(removal of the precipitating cause) followed by mitral valvotomy 
(correction of the underlying cause) in a patient with mitral stenosis. 
In many instances, surgical treatment will correct or at least alleviate 
the underlying cause. The third component of the treatment of heart 
failure, i.e., control of the congestive heart failure state, may, in 
tum, be divided into three categories: (l) reduction of cardiac work 
load, including both the preload and the afterload; (2) control of 
excessive retention of salt and water; and (3) enhancement of myo­
cardial contractility. The vigor with which each of these measures 
is pursued in any individual patient should depend on the severity 
of heart failure. Following effective treatment, recurrence of the 
clinical manifestations of heart failure can often be prevented by 
continuing those meas.ures that were originally effective. 

While a simple rule for the treatment of all patients with heart 
failure cannot be formulated because of the varied etiologies, hemo­
dynamic features, clinical manifestations, and severity of heart fail­
ure, insofar as the treatment of chronic congestive failure is con­
cerned, the administration of an angiotensin-converting enzyme 
inhibitor (e.g., lisinopril 10 mg q.d.) has been shown to retard the 
development of heart failure and should be begun early in patients 
with cardiac dilatation and/or hypertrophy, even if they are asymp­
tomatic. Then, as symptoms develop, simple measures such as mod­
erate restriction of activity and sodium intake should be tried (Fig. 
233-1 ). If these and the ACE inhibitor are insufficient, therapy with 
a combination of a diuretic, a vasodilator, and usually a digitalis 
glycoside is then begun. The next step is more rigorous restriction 
of salt intake and higher doses of loop diuretics, sometimes accom­
panied by other diuretics. If heart failure persists, hospitalization 
with rigid salt restriction, bed rest, intravenous vasodilators, and 
positive inotropic agents comes next. In some patients, the order in 
which these measures are applied may be altered. 

New York Heart Association functional class 

Restricted Na• intake 

Restricted physical activity 

Digoxin 

Diuretics 

IV inotropic agents 
(sympathomimetic drugs) 

and vasodilators 

Special measures 

I II Ill IV 

(intra-aortic balloon pump, -L---.1..-------'-----'----'--'-....-J 
cardiac transplant) 

FIGURE 233-1 Overview of the treatment of heart failure. [From RA Kelly, 
TW Smith: Treatment of stable heart failure: Digitalis and diuretics, in Heart 
Failure: Cardiac Function and Dysfunction, in WS Colucci ( ed), Atlas of Heart 
Diseases, vol4, EBraunwald(seriesed), Philadelphia, Current Medicine, 1995.] 
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COMPLICATIONS OF MYOCARDIAL 
INFARCTION AND THEIR TREATMENT 

VENTRICULAR DYSFUNCTION Following myocardial in­
farction, the left ventricle undergoes a series of changes in shape, size, 
and thickness in both the infarcted and noninfarcted segments. This 
process is referred to as ventricular remodeling and generally precedes 
the development of clinically evident congestive heart failure in the 
months to years after infarction. Soon after myocardial infarction, the 
left ventricle begins to dilate. Acutely, this results from expansion of 
the infarct (i.e., slippage of muscle bundles, disruption of normal 
myocardial cells, and tissue loss within the necrotic zone, resulting 
in disproportionate thinning and elongation of the infarct zone). Later, 
lengthening of the noninfarcted segments occurs as well. The overall 
chamber enlargement that occurs is related to the size and location of 
the infarct, with greater dilation following infarction of the apex of 
the left ventricle and causing more marked hemodynamic impairment, 
more frequent heart failure, and a poorer prognosis. Progressive dila­
tion and its clinical consequences may be ameliorated by therapy with 
ACE inhibitors and other vasodilators (e.g., nitrates) (Fig. 243-2). 
Thus, in patients with a lowered ejection fraction (less than 40 percent), 
regardless of whether or not heart failure is present, ACE inhibitors 
should be prescribed. 

HEMODYNAMIC ASSESSMENT Pump failure is now the 
primary cause of in-hospital death from acute myocardial infarction. 
The extent of ischemic necrosis correlates well with the degree of pump 
failure and with mortality, both early (within 10 days of infarction) and 
later. The most common clinical signs are pulmonary rales and S3 and 
S4 gallop rhythms. Pulmonary congestion is also frequently seen on 
the chest roentgenogram. Elevation of left ventricular filling pressure 
and pulmonary artery pressure are the characteristic hemodynamic 
findings, but it should be appreciated that these findings may result 
from a reduction of ventricular compliance (diastolic failure) and/or 
a reduction of stroke volume with secondary cardiac dilation (systolic 
failure) (Chap. 232). 

A classification originally proposed by Killip divides patients into 
four groups: class I, no signs of pulmonary or venous congestion; 
class II, moderate heart failure as evidenced by rales at the lung bases, 
S3 gallop, tachypnea, or signs of failure of the right side of the heart, 
including venous and hepatic congestion; class III, severe heart failure, 
pulmonary edema; and class IV, shock with systolic pressure less than 
90 mmHg and evidence of peripheral vasoconstriction, peripheral 
cyanosis, mental confusion, and oliguria. The expected hospital mortal­
ity rate of patients in these clinical classes when this classification 
was established in 1967 was as follows: class I, 0 to 5 percent; 
class II, 10 to 20 percent; class III, 35 to 45 percent; and class 
IV, 85 to 95 percent. With advances in management, the mortality 
rate has fallen, perhaps by as much as one-third to one-half, in each 
class. 

Hemodynamic evidence of abnormal left ventricular function ap­
pears when contraction is seriously impaired in 20 to 25 percent of 
the left ventricle. Infarction of 40 percent or more of the left ventricle 
usually results in cardiogenic shock (see below). Positioning of a 
balloon flotation catheter in the pulmonary artery permits monitoring 
of left ventricular filling pressure; this technique is useful in patients 
who exhibit hypotension and/or clinical evidence of heart failure. 
Cardiac output can also be determined with a pulmonary artery cathe­
ter. With the addition of intraarterial pressure monitoring, systemic 
vascular resistance can be calculated as a guide to adjusting vasopressor 
and vasodilator therapy. Some patients with acute myocardial in­
farction have markedly elevated left ventricular filling pressures (>22 
mmHg) and normal cardiac indexes [>2.6 and >3.6 Ll(minlm2)], 

while others have relatively low filling pressures ( < 15 mmHg) and 
reduced cardiac indexes. The former patients usually benefit from 
diuresis, while the latter may respond to volume expansion by means 
of intravenous administration of colloid-containing solutions. 

Hypovolemia This is an easily corrected condition that may 
contribute to the hypotension and vascular collapse associated with 
myocardial infarction in some patients. Hypovolemia may be second­
ary to previous diuretic use, to reduced fluid intake during the early 
stages of the illness, and/or to vomiting associated with pain or medica­
tions. Consequently, hypovolemia should be identified and corrected 
in patients with acute myocardial infarction and hypotension before 
more vigorous forms of therapy are embarked on. Central venous 
pressure reflects right rather than left ventricular filling pressure and 
is an inadequate guide for adjustment of blood volume, since left 
ventricular function is almost always affected much more adversely 
than right ventricular function in acute myocardial infarction. The 
optimal left ventricular filling or pulmonary artery wedge pressure 
may vary considerably among patients. Each patient's ideal level 
(generally approximately 20 mmHg) is reached by cautious fluid 
administration during careful monitoring of oxygenation and cardiao 
output. Eventually, the cardiac output plateaus and further increases 
in left ventricular filling pressure only increase congestive symp. 
toms and decrease systemic oxygenation without raising · 
pressure. 

lk TREATMENT 
The management of heart failure in association with 
infarction is similar to that of acute heart failure secondary to 
forms of heart disease (avoidance of hypoxemia, diuresis, 
reduction, inotropic support) (Chap. 233), except that the 
of digitalis administration in acute myocardial infarction are 
pressive. On the other hand, diuretic agents are extremely aHoot: .. _,, 

as they diminish pulmonary congestion in the presence of 
and/or diastolic heart failure. A fall in left ventricular filling 
and an improvement in orthopnea and dyspnea follow the · 
administration of furosemide. This drug should be used with 
however, as it can result in a massive diuresis with associated 
crease in plasma volume, cardiac output, systemic blood 
and hence coronary perfusion. Nitrates in various forms may. 
used to decrease preload and congestive symptoms. Oral · 
dinitrate, topical nitroglycerin ointment, or intravenous ·· ' · .._' 
all have the advantage over a diuretic of lowering preload 
venodilation without decreasing the total plasma volume. In 
nitrates may improve ventricular compliance if ischemia is 
as ischemia causes an elevation of left ventricular filling 
The patient with pulmonary edema is treated as described in 
233, but vasodilators must be used with caution to prevent 
hypotension. As noted earlier, ACE inhibitors are an ideal clas 
drugs for management of ventricular dysfunction following 
dial infarction, especially for the long term. 

CARDIOGENIC SHOCK In recent years, efforts to 
infarct size and prompt treatment of ongoing ischemia and other 
plications of myocardial infarction appear to have reduced the 
dence of cardiogenic shock from 20 percent to about 7 percent. 
10 percent of patients with this condition present with it on 
while 90 percent develop it during hospitalization. Typically, 
who develop cardiogenic shock have severe multivessel coronary 
tery disease with evidence of "piecemeal" necrosis extending 
from the original infarct zone. 

It is useful to consider cardiogenic shock as a form of 
left ventricular failure. This syndrome is characterized by 
hypotension with systolic arterial pressure of <80 mmHg and a 
reduction of cardiac index [ < 1.8 Ll(minlm2

)] in the face of an 
left ventricular filling (pulmonary capillary wedge) pressure 
mmHg). Hypotension alone is not a basis for the diagnosis of 
genic shock, because many patients who make an uneventful 
will have serious hypotension (systolic pressure of <80 
several hours. Such patients often have low left 
pressures, and their hypotension usually resolves with the 
tion of intravenous fluids. In contrast to hypovolemic '-···~nt,on' 

cardiogenic shock is generally associated with a mortality rat 
>70 percent; however, recent efforts to restore perfusion by 
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Use of Inhaled Nitric Oxide 

ABSTRACT. Approval of inhaled nitric oxide by the 
US Food and Drug Administration for hypoxic respira­
tory failure of the term and near-term newborn provides 
an important new therapy for this serious condition. This 
statement addresses the conditions under which inhaled 
nitric oxide should be administered to the neonate with 
hypoxic respiratory failure. 

ABBREVIATIONS. ECMO, extracorporeal membrane oxygenation; 
iNO, inhaled nitric oxide; FDA, US Food and Drug Administration. 

H ypoxic respiratory failure in neonates born at 
or near term may be caused by such condi­
tions as primary persistent pulmonary hy­

pertension, respiratory distress syndrome, aspiration 
syndromes, pneumonia or sepsis, and congenital di­
aphragmatic hernia. Conventional therapies, which 
have not been validated by randomized controlled 
trials, include administration of high concentrations 
of oxygen, hyperventilation, high-frequency ventila­
tion, the induction of alkalosis, neuromuscular block­
ade, and sedation.1 Despite aggressive conventional 
therapy, neonatal respiratory failure was associated 
with a high rate of mortality before the development 
of extracorporeal membrane oxygenation (ECM0).2·3 

Survival and short-term morbidity rates have been 
superior in term and near-term infants (::::::34 weeks' 
gestation) treated with ECMO compared with con­
ventional therapy4; however, questions remain about 
the long-term safety of ECMO. 

Inhaled nitric oxide (iNO) is a selective pulmonary 
vasodilator for which the mechanism of action in­
volves guanylyl cyclase activation leading to produc­
tion of cyclic guanosine monophosphate and subse­
quent smooth muscle relaxation. 5-7 Although several 
studies have suggested that iNO improves oxygen­
ation,8-14 the US Food and Drug Administration 
(FDA) evaluated 2 large randomized multicenter 
controlled trials of term and near-term neonates with 
hypoxic respiratory failure that demonstrated im­
proved outcome with iNO therapy. The Neonatal 
Inhaled Nitric Oxide Study Group trial documented 
that iNO reduced the need for ECM015 without in­
creasing neurodevelopmental, behavioral, or medi­
cal abnormalities at 2 years of age.1 6 These results 
were strengthened by the Clinical Inhaled Nitric Ox­
ide Research Group trial, in which iNO reduced the 
need for ECMO and the incidence of chronic lung 

The recon1n1endations in this staten1ent do not indicate an exclusive course 
of treatment or serve as a standard of medical care. Variations, taking into 
account individual circun1stances, n1ay be appropriate. 
PEDIATRICS (ISSN 0031 4005). Copyright© 2000 by the American Acad­
emy of Pediatrics. 
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disease. 17 iNO was not effective for infants with con­
genital diaphragmatic hernia.JS 

The limited data to date on hypoxic preterm neo­
nates suggest that low-dose iNO improves oxygenation 
but does not improve survivaP4·19 Additional large 
randomized trials of iNO in premature neonates are 
required because they may experience more toxic ef­
fects than term and near-term infants_14,l9.20 

It is critical that infants with hypoxic respiratory 
failure in whom conventional ventilator therapy fails 
or is predicted to fail be cared for in institutions that 
have immediate availability of personnel, including 
physicians, nurses, and respiratory therapists, who 
are qualified to use multiple modes of ventilation 
and rescue therapies. Radiologic and laboratory sup­
port required to manage the broad range of needs of 
these infants is also essential. 

iNO should be administered using FDA-approved 
devices that are capable of administering iNO in con­
stant concentration ranges in parts per million or less 
throughout the respiratory cycle. Infants who receive 
iNO therapy should be monitored according to institu­
tionally derived protocols designed to avoid the poten­
tial toxic effects associated with iNO adminish·ation. 
These effects include methemoglobinemia (secondary 
to excess nitric oxide concentrations), direct pulmonary 
injury (attributable to excess levels of nitrogen dioxide), 
and ambient air contamination. 

In the trials of iNO therapy reported to date, the 
indication for use has been failure of ventilatory 
therapy. ECMO, a therapy of proven efficacy, usu­
ally is initiated if iNO therapy fails. Therefore, insti­
tutions that offer iNO therapy generally should have 
ECMO capability; if a center lacks ECMO capability, 
it should work in collaboration with an ECMO center 
to prospectively establish appropriate iNO failure 
criteria and mechanisms for the timely transfer of 
infants to the collaborating ECMO center. The diver­
sity of geography, climate, and transport capabilities 
necessitates that the "timely transfer" be dictated by 
the location-specific transport limitations as well as 
the severity of the infant's illness. Because hypoxic 
respiratory failure is often rapidly progressive and 
abrupt discontinuation of iNO may lead to worsen­
ing oxygenation,21 the risk of delayed provision of 
ECMO must be considered carefully when determin­
ing the appropriate time of transfer. 

Plans for the care and referral of these infants 
should incorporate the following recommendations. 

RECOMMENDATIONS 

1. Infants with progressive hypoxic respiratory failure 
should be cared for in centers with the expertise and 
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experience to provide multiple modes of ventilatory 
support and rescue therapies or be transferred in a 
timely manner to such an institution. 

2. iNO therapy should be given using the indica­
tions, dosing, administration, and monitoring 
guidelines outlined on the product label (http:/ I 
www.fda.gov). An echocardiogram to rule out 
congenital heart disease is recommended. Center­
specific criteria for treatment failure should be 
developed to facilitate timely consideration of al­
ternative therapies. 

3. iNO therapy should be directed by physicians 
qualified by education and experience in its use 
and offered only at centers that are qualified to 
provide multisystem support, generally including 
on-site ECMO capability. 

4. Generally, iNO should be initiated in centers with 
ECMO capability. If iNO is offered by a center 
without ECMO capability, for geographic or other 
compelling reasons, mutually acceptable treat­
ment failure criteria and mechanisms for timely 
transfer of infants to a collaborating ECMO center 
should be established prospectively. Transfer 
must be accomplished without interruption of 
iNO therapy. 

5. Centers that provide iNO therapy should provide 
comprehensive long-term medical and neurode­
velopmental follow-up. 

6. Centers that provide iNO therapy should estab­
lish prospective data collection for treatment time 
course, toxic effects, treatment failure, use of al­
ternative therapies, and outcomes. 

7. Administration of iNO for indications other than 
those approved by the FDA or in other neonatal 
populations, including compassionate use, re­
mains experimental. As such, iNO should be ad­
ministered according to a formal protocol that has 
been approved by the FDA and the institutional 
review board and with informed parental consent. 
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Approval of inhaled nitric oxide by the US Food and Drug Administration for hypoxic respiratory failure of the term and near-term 
newborn provides an important new therapy for this serious condition. This statement addresses the conditions under which 
inhaled nitric oxide should be administered to the neonate with hypoxic respiratory failure. 

..... Top 
Abstr 

,.. Recor 

Hypoxic respiratory failure in neonates born at or near term may be caused by such conditions as primary persistent pulmonary v Refen 
hypertension, respiratory distress syndrome, aspiration syndromes, pneumonia or sepsis, and congenital diaphragmatic hernia. 
Conventional therapies, which have not been validated by randomized controlled trials, include administration of high concentrations of oxygen, 
hyperventilation, high-frequency ventilation, the induction of alkalosis, neuromuscular blockade, and sedation.1 Despite aggressive conventiona 
neonatal respiratory failure was associated with a high rate of mortality before the development of extracorporeal membrane oxygenation (ECM 
and short-term morbidity rates have been superior in term and near-term infants (2:34 weeks' gestation) treated with ECMO compared with com 
therapy4; however, questions remain about the long-term safety of ECMO. 

Inhaled nitric oxide (iNO) is a selective pulmonary vasodilator for which the mechanism of action involves guanylyl cyclase activation leading to 
cyclic guanosine monophosphate and subsequent smooth muscle relaxation.5·7 Although several studies have suggested that iNO improves ox 
the US Food and Drug Administration (FDA) evaluated 2 large randomized multicenter controlled trials of term and near-term neonates with hyp 
respiratory failure that demonstrated improved outcome with iNO therapy. The Neonatal Inhaled Nitric Oxide Study Group trial documented that 
the need for ECM015 without increasing neurodevelopmental, behavioral, or medical abnormalities at 2 years of age. 16 These results were stre 
the Clinical Inhaled Nitric Oxide Research Group trial, in which iNO reduced the need for ECMO and the incidence of chronic lung disease.17 iN 
effective for infants with congenital diaphragmatic hernia.18 

The limited data to date on hypoxic preterm neonates suggest that low-dose iNO improves oxygenation but does not improve survival. 14·19 Add 
randomized trials of iNO in premature neonates are required because they may experience more toxic effects than term and near-term infants.1 

It is critical that infants with hypoxic respiratory failure in whom conventional ventilator therapy fails or is predicted to fail be cared for in institutio 
immediate availability of personnel, including physicians, nurses, and respiratory therapists, who are qualified to use multiple modes of ventila 
rescue therapies. Radiologic and laboratory support required to manage the broad range of needs of these infants is also essential. 

iNO should be administered using FDA-approved devices that are capable of administering iNO in constant concentration ranges in parts per m 
throughout the respiratory cycle. Infants who receive iNO therapy should be monitored according to institutionally derived protocols designed to 
potential toxic effects associated with iNO administration. These effects include methemoglobinemia (secondary to excess nitric oxide concentr1 
pulmonary injury (attributable to excess levels of nitrogen dioxide), and ambient air contamination. 

In the trials of iNO therapy reported to date, the indication for use has been failure of ventilatory therapy. ECMO, a therapy of proven efficacy, u: 

initiated if iNO therapy fails. Therefore, institutions that offer iNO therapy generally should have ECMO capability; if a center lacks ECMO capab 
work in collaboration with an ECMO center to prospectively establish appropriate iNO failure criteria and mechanisms for the timely transfer of ir 
collaborating ECMO center. The diversity of geography, climate, and transport capabilities necessitates that the "timely transfer" be dictated by 1 
specific transport limitations as well as the severity of the infant's illness. Because hypoxic respiratory failure is often rapidly progressive and abr 
discontinuation of iNO may lead to worsening oxygenation,21 the risk of delayed provision of ECMO must be considered carefully when determi1 

appropriate time of transfer. 

Plans for the care and referral of these infants should incorporate the following recommendations. 

.. RECOMMENDATIONS 
Infants with progressive hypoxic respiratory failure should be cared for in centers with the expertise and experience to provide 
multiple modes of ventilatory support and rescue therapies or be transferred in a timely manner to such an institution. 
iNO therapy should be given using the indications, dosing, administration, and monitoring guidelines outlined on the product label 
(http://wwwJda.gov). An echocardiogram to rule out congenital heart disease is recommended. Center-specific criteria for 
treatment failur.e should be developed to facilitate timely consideration of alternative therapies. 

• Top 
.... Abstr 

Recor 

,.. Refer< 

iNO therapy should be directed by physicians qualified by education and experience in its use and offered only at centers that are qualified to pr 
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Introduction 

The Committee on the Fetus and Newbom studies issues and current advances in fetal 
and neonatal care; makes recommendations regarding neonatal practice; collaborates 
with the American College of Obstetricians and Gynecologists (AGOG) to consider peri­
natal issues on which the practices of obstetrics and pediatrics merge; and works cooper-
atively with AGOG on new editions of Perinatal 
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Ventricular dysfunction clinical research in infants, children 
and adolescents 

Steven E. Lipshultz* 

Diz·ision of Pediat1ic Cardiology, Unil'ersity of Rochester Medical Center and Children s Hospital at Strong, and Depwtment of 
Pediallics, Unil'ersity of Rochester School of Medicine and Dentist1y, 601 Elmwood Acenue, Box 631, Rochester, NY 14642, USA 

Abstract 

These two issues of Progress in Pediatric Cardiology comprehensively illustrate the wealth of currently available information 
on the pathophysiology of heart failure, age-related myocardial responsiveness, energy metabolism, cardiopulmonary interac­
tions, the pressure-volume relationship, the systemic inflammatory response, the management of heart failure, pediatric 
pharmacology, the use of heart failure therapies including digoxin, ACE inhibitors, beta-adrenergic blockers, inotropic agents, 
diuretics, vasodilators, calcium sensitizers, angiotensin and aldosterone receptor blockers, growth hormone, and future gene 
therapy. The etiology and course of ventricular dysfunction in children is poorly characterized. Furthermore, many changing 
developmental properties of the pediatric myocardium and differences in the etiologies of ventricular dysfunction in children 
compared with adults are illustrated in these articles, invalidating the concept that children can safely be considered small 
adults for the purpose of understanding heart failure pathophysiology and treatment. However, these articles reveal that 
strikingly little research in children with ventricular dysfunction exists in terms of well-designed large-scale studies of the 
epidemiology or multicenter controlled clinical therapeutic trials. A future research agenda is proposed to improve 
understanding etiologies, course and treatment of ventricular dysfunction in children that is based on organized and funded 
cooperative groups since no one pediatric cardiac center treats enough children with a particular etiology of ventricular 
dysfunction. In conclusion, significant understanding of basic mechanisms of pediatric ventricular dysfunction and effective 
therapies for adults with ventricular dysfunction exist. A multicenter pediatric cardiac ventricular dysfunction network would 
allow improved understanding of diseases and treatments, and result in evidence-based medicine for pediatric patients with 
ventricular dysfunction. © 2000 Elsevier Science Ireland Ltd. All rights reserved. 

Keywords: Congestive heart failure; Pediatrics; Ventricular function; Cardiomyopathy; Clinical trials 

1. Introduction 

The pathophysiology and pharmacologic treatment 
of ventricular dysfunction in infants, children, and 
adolescents have been reviewed in these two issues of 
Progress in Pediatric Cardiology. The large amount of 
work by contributors to highlight pediatric issues de­
monstrates many unique and potentially important 
aspects of ventricular dysfunction related to children. 

*Tel.: + 1-716-275-6096; fax: + 1-716-275-7436. 
E-mail address: steve_Jipshultz@urmc.rochester.edu (S.E. Lip­

shultz). 

These articles, however, also illustrate how little has 
been done thus far to understand the pathophysiology 
and pharmacotherapy of ventricular dysfunction in 
this population. This summary of where the field of 
pediatric ventricular dysfunction stands will review 
unique aspects of pediatric research, challenges in the 
study of children with ventricular dysfunction, and 
principles of pediatric ventricular dysfunction. Tre­
mendous opportunities exist to advance our under­
standing in this area at an unprecedented pace. How­
ever, many obstacles need to be overcome, including 
ourselves. I was recently approached by a respected 
colleague who explained at great length why he could 
not participate in an active double-blinded, placebo-

1058-9813/00/S- see front matter © 2000 Elsevier Science Ireland Ltd. All rights reserved. 
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controlled clinical trial of therapy for asymptomatic 
LV dysfunction in children because he just knew, 
without the benefit of a controlled clinical trial, that 
this was an effective therapy for his patients. Other 
pediatric cardiologists have lectured at national meet­
ings stating it is sufficient to study, for example, 
pharmacologic agents for ventricular dysfunction in 
adults and, if benefit is found, use the drugs in chil­
dren with the same illness without clinical trials in 
this age group. Some of the problems with this ap­
proach are that the disease processes resulting in 
ventricular dysfunction are often different in children 
than adults. Many pediatric conditions have no close 
analogies in the adult. Secondly, the effects of the 
intervention may be unlike those seen in adults. The 
pharmacokinetics of many drugs vary with age and 
their beneficial or adverse effects are different in 
children and adults. Thirdly, children differ from 
adults. Some therapies may not be tolerated by young 
children because they are unpalatable or difficult to 
administer. A final point is that, because the an­
tecedents of many adult diseases are thought to have 
their origins in early life, studies in very young chil­
dren, and even antenatally, may identify strategies for 
preventing diseases which have important public 
health consequences [1]. 

Tremendous advances in pediatric cardiology with 
catheter, surgical, and diagnostic procedures have oc­
curred during the past four decades [2]. Unfortu­
nately, the fields of prevention, therapeutics, and de­
cision analysis based on very limited or biased data 
for all pediatric ventricular dysfunction have not kept 
pace. A network of cardiologists willing to participate 
and adequate funding for an infrastructural network 
would facilitate research in this area. 

2. The current status of clinical research in pediatric 
ventricular dysfunction 

2.1. Reliance on data from studies in adults 

In many areas of pediatric practice, therapies have 
been studied only in adults, and pediatricians must 
consider whether it is appropriate to generalize from 
adult to child. Although some pediatric cardiologists 
have advocated that treatments proved effective for 
adults with myocardial dysfunction be used in pedi­
atric patients based on data from adults this may not 
be prudent without further testing. 

There appears to be real differences in incidence, 
implications, expectations, causes, treatment styles, 
and prevention between children and adults with ven­
tricular dysfunction suggesting that for ventricular 
dysfunction, children should not be considered 'small 
adults'. Known ventricular dysfunction occurs fre-

quently in adults and is extremely rare in childhood. 
Yet, for children there are greater productive years 
saved by preventing symptomatic ventricular dysfunc­
tion. There may be a higher potential for cure from 
ventricular dysfunction in children than in adults. As 
a result, the potential goal of pediatric therapy for 
ventricular dysfunction is more likely to be curative in 
intent, in contrast to the palliative intent of most 
adult therapies. Ventricular dysfunction in children is 
more likely to be due to genetic factors while in 
adults exogenous exposures predominate. At this time 
adult causes of ventricular dysfunction may be more 
amenable to prevention than pediatric causes. 

2.2. Reliance on anecdotal experience 

The art of learning medicine as a series of clinical 
anecdotes is important but an over reliance on anec­
dotal experience, to the exclusion of clinical research, 
has pitfalls as well [3]. 

2.3. A lack of appreciation for the need to consider the 
length of subsequent survival to understand disease 
process and therapeutic response 

The longer a patient remains with LV dysfunction 
the worse the LV dysfunction becomes. Snapshot 
studies examining a high-risk population for LV dys­
function at a single point in time are inadequate to 
state that the population is normal or non-progres­
sive. Natural history studies of LV dysfunction are 
particularly important in children where we have 
found that the long length of subsequent survival 
coupled with the need of the pediatric myocardium to 
grow in response to increasing somatic growth may 
result in accelerated progressive LV dysfunction. A 
small amount of LV dysfunction early in childhood 
may be particularly problematic later in life [ 4-40]. 

2.4. Paucity of data 

The risk factors for (e.g. age, sex, ethnic origin and 
geographic differences) and course of myocardial dys­
function in infants, children, and adolescents have 
also been studied in a very limited fashion. Conse­
quently, the results of studies to examine the effec­
tiveness of therapies for the prevention, treatment, or 
beneficial alteration of the subsequent course of pedi­
atric myocardial dysfunction are scarce. This is espe­
cially relevant for pediatric congestive heart failure 
where essentially no prospective multicenter con­
trolled clinical trials have occurred. Yet, the conse­
quences of mild left ventricular dysfunction may be 
more significant than in adults and due to growth and 
length of future survival. Heart disease remains the 
leading cause of death in the United States with 
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deaths from congestive heart failure on a steadily 
upward course. 

2.5. Lack of evidence-based medicine 

The emerging discipline of research synthesis (evi­
dence-based healthcare) has led to greater awareness 
of the need to evaluate critically what is already 
known before either making recommendations for 
clinical practice or embarking on further research 
[41]. Evidence-based medicine is defined as the con­
scientious, explicit, and judicious use of current best 
evidence in making decisions about the care of indi­
vidual patients. By highlighting the strengths and 
weaknesses of clinical research in different speciali­
ties, this process of critical appraisal has shown that, 
by comparison with situations in adults, research 
questions relevant to the health of children may have 
been addressed not at all or only by small, poorly 
designed studies [ 42]. Reviews of randomized trials 
published during a 15-year period in one specialist 
pediatric journal showed that sample sizes were gen­
erally small (less than 20 in approx. one-half of the 
studies), only a small proportion were multicenter, 
and reporting of key quality indices was inadequate. 
When subspecialty areas have been reviewed, the 
conclusions have been similar. For example, one re­
view characterized recent advances in pediatric cardi­
ology that have led to improved outcomes for surgical 
repair of complex cardiac malformations to clinical 
trial-and-error and the common sense and accumu­
lated wisdom of astute clinicians, rather than to basic 
science or epidemiology [42]. Clinical trial-and-error 
can occasionally lead to serious errors. 

The four steps involved in translating research into 
practice include: (1) creating evidence through basic 
science research, phenotype-genotype correlations 
since different etiologies may lead to different pheno­
typic outcomes and a heterogeneous population is of 
limited value, randomized controlled trials, and obser­
vational studies; (2) summarizing evidence by pub­
lished meta-analyses; (3) disseminating evidence by 
clinical practice guidelines; and (4) implementing evi­
dence by clinical pathways [ 41]. 

The clinical effectiveness of therapy comes from 
randomized controlled trials [43-45]. Observational 
studies have several advantages over randomized, 
controlled trials, including lower cost, greater timeli­
ness, and a broader range of patients. Although non­
randomized or observational studies have in the past 
been criticized for bias related to overestimating the 
true efficacy of a given therapy or leading to erro­
neous conclusions, recent comparisons to ran­
domized, controlled trials suggest little evidence that 
estimates of treatment effects in well-designed obser­
vational studies (with either a cohort or a case-con-

trol design) are either consistently larger than or 
qualitatively different from those obtained in ran­
domized, controlled trials [43-45]. These prior 
concerns led observational studies to be limited in 
their use to the identification of risk factors and 
prognostic indicators and to situations in which ran­
domized, controlled trials would be impossible or 
unethical. 

The clinical data for non-therapeutic questions can 
be derived from observational studies with long fol­
low-up periods to assess prognosis and from large 
cross-sectional or cohort studies to evaluate the valid­
ity and importance of diagnostic tests [ 41]. The valid­
ity of a diagnostic test frequently relies on surrogate 
endpoints rather than actual patient outcomes and its 
utility is its ability to meaningfully effect patient out­
comes. Diagnostic tests are rarely evaluated in this 
manner. 

Problems encountered in translating research into 
pediatric practice include a paucity of pediatric clini­
cal trials, underfunding of pediatric research, lack of 
trained pediatric clinical investigators, frequency of 
small underpowered studies, heterogeneity of studies, 
inconsistency between meta-analyses and large ran­
domized, controlled trials, lack of awareness of exist­
ing efforts, access to evidence, information overload, 
format not helpful, labor-intensive, expensive, and 
waning effectiveness [41]. 

A schism exists between laboratory-based medical 
scientists (who attempt to understand the biologic and 
molecular processes underlying health and disease) 
and epidemiologists (who try to assess health and 
disease states [outcomes] in groups of human subjects, 
exposure to factors that may increase or reduce the 
likelihood of health or disease, and the causal rela­
tionship between these outcomes and exposures), as 
well as between classical (population-based) and clini­
cal (patient- and clinical intervention-based) epidemi­
ologists [ 42]. 

Most pediatric subspecialists, including cardi­
ologists, have not acquired the methodologic skills in 
research design and statistical analysis required to 
conduct fundable, hypothesis-driven research. Good 
science requires focus, depth, and a good question. 
Rigorous methods should be coupled to substantive 
expertise to ensure that the hypothesis tested is a 
useful one. Good epidemiologic science is time-con­
suming and often quite expensive, especially when it 
requires long-term follow-up. There are currently 1470 
US board-certified pediatric cardiologists with approx­
imately 38 new members each year that trained in the 
46 certified US centers [46]. Most centers graduate 
1-2 physicians each year and over the past decade the 
percentage of all pediatric cardiology graduates 
choosing careers in full-time academic medicine has 
fallen from nearly 65 to 40%, making it more 
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concerning whether research in pediatric cardiology 
will expand in the coming years without an organized 
research infrastructure [47]. An annual account of 
research grants funded by the NIH in 1998 showed 
that the number awarded on topics related to pedi­
atric cardiology to be 117 [ 48]. Yet, only nine of them 
involved a pediatric cardiologist as the project's prin­
cipal investigator [48]. This is occurring at a time 
when laboratory-based discoveries of new preventive 
or therapeutic interventions will continue to require 
demonstration of efficacy and safety in randomized 
trials. Although more and better epidemiologic stud­
ies are needed, so too are laboratory investigations 
that can confirm or undermine the associations 
observed in human populations, and explain the 
biochemical and cellular processes underlying them. 
Kramer points out that the future of pediatric re­
search will depend on the collaboration of basic scien­
tists and epidemiologists [42]. He cites as an example 
the use of molecular and other biologic markers that 
cannot only provide more valid and precise measure­
ments of potentially causal exposures and disease 
outcomes but can also be used to assess causal mech­
anisms and pathways [42]. 

The 1990 US Department of Health and Human 
Services report entitled 'Healthy People 2000' noted 
that heart disease was among the five most common 
causes of death in childhood at any age [49]. An 
official policy report approved by the Board of Direc­
tors of the American Heart Association and written 
by the Task Force on Children and Youth of the 
American Heart Association noted that cardiovascu­
lar disease occurs more often in children than is 
generally appreciated [50,51]. More than 600 000 chil­
dren in the United States have an abnormality of the 
cardiovascular system, including at least 40 000 whose 
life expectancy is shortened by an acquired disease 
such as cardiomyopathy. The annual cost of pediatric 
cardiovascular disease is > $8 billion in medical ex­
penses and lost contributions to the gross national 
product. Cardiomyopathy accounts for an increasing 
number of the pediatric cardiac transplants. Genetic 
abnormalities in contractile proteins or energy-pro­
ducing enzymes, among others, cause cardiomyopathy 
that becomes manifest in adulthood. Recent advances 
in genetics allow molecular diagnoses in fetal life. 
This report acknowledges that cardiomyopathy in 
children is increasing, and while the prevalence is 
unknown, 'Eventually more precise classification 
based on genetic advances will allow detection of 
people at risk and provide information about the basis 
of the disease.... With improved understanding of 
precise etiology, more effective and specific treatment 
can be developed' [50,51]. 

Children represent one-third of the United States 
population, yet they are virtually unrepresented in 

cardiovascular research. A paucity of funding for such 
research, including cardiomyopathy, is related in part 
to the small number of pediatric cardiovascular scien­
tists. According to the Manpower Advisory and Pedi­
atric Cardiology Committees of the American College 
of Cardiology, there were < 1000 certified specialists 
in pediatric cardiology in the United States in 1994, 
almost all of whom were centered on patient care and 
diagnostic or interventional techniques [52]. Only a 
limited number of them devoted a substantial effort 
to either clinical or basic biomedical research; fur­
thermore, such research was largely retrospective, de­
scriptive, and not controlled. Only 3% of responding 
certified pediatric cardiologists had completed ;::: 22 
months of research training, suggesting that the 
growth of basic and clinical sciences within the field is 
limited. This was similar to a prior manpower study of 
pediatric cardiology that demonstrated that 20 years 
earlier only 6% of professional activities were devoted 
to research [53]. 

Cooperative groups in pediatric cardiology have 
been helpful at achieving research goals. The Pedi­
atric Cardiomyopathy Registry, for example, has in­
creased the likelihood of collaboration and research, 
since it allows prospective capture of cases and, in this 
era of molecular biology, permits new techniques to 
be applied to the study of pediatric cardiomyopathy 
[54]. It is hoped that many advances in the prevention, 
diagnosis, and treatment of cardiomyopathy in the 
young will be realized by the Registry. The field of 
pediatric cardiology has always worked well together 
on multicenter studies and registries. As evidenced by 
their publications, many of the most important clini­
cal advances in pediatric cardiology have been done 
in the setting of multicenter studies, such as the New 
England Regional Infant Cardiac Program, the United 
States Multicenter Kawasaki Study Group, the Pedi­
atric Cardiac Surgical Registry, the Northern Great 
Plains Regional Cardiac Program, the Balti­
more-Washington Infant Study, the Electrophysi­
ology Study Group, the Valvuloplasty and Angioplasty 
of Congenital Anomalies Registry, and the Pediatric 
Heart Transplantation Study Group. 

Decoding the human genome will trigger develop­
ments that will change our daily lives [55-57]. The 
finding of genes responsible for diseases will require 
phenotypically well characterized populations of af­
fected patients to determine patients whose genotypes 
reveal homogenous defects at high risk of disease and 
then to test etiology-specific therapies on these popu­
lations. Indeed, even at this time single-nucleotide 
polymorphisms of different genes can be studied by 
CHIP technology and determine, for example, whether 
a patient with ventricular dysfunction is likely to 
decline rapidly on standard drugs for the condition, 
and hence might need more aggressive treatment. 
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Dr Francis Collins, director of the Human Genome 
Research Institute, recently said at the 2000 AAP 
meeting that understanding the human genome will 
result in routinely predicting and preventing diseases, 
and treating patients with highly potent designer drugs 
tailored to their own genes. Collins said 'It's going to 
have a profound impact on the practice of medicine 
and probably nowhere more so than in pediatrics. 
Virtually all diseases have a genetic component and 
having the genome will accelerate finding genes for 
varied diseases.' Collins predicted that by 2010 there 
will be predictive genetic tests available for at least 10 
disorders and treatments to lower risks for several 
conditions. By 2020 he predicted gene-based designer 
drugs targeted to the molecular fingerprint of the 
patient's problem will be available and doctors will be 
ordering genotype tests on patients before writing 
prescriptions. By 2030 Collins stated that individual­
ized preventive medicine keyed to a person's genetic 
profile will be routine, infants will be tested at birth, 
and gene therapy and gene-based drug therapy will be 
available. 

2. 6. Lack of well-designed phannaceutical industJy 
sponsored studies 

Pharmaceutical company placebo-controlled trials 
have been inadequately performed in children in the 
past. Prescriptions (25%) in pediatric wards were for 
drug courses that were either unlicensed or for off­
label uses. In neonates, only 35% of prescription 
episodes were licensed [1]. Industry objectives are 
frequently more short-term in duration or low cost 
(e.g. survey data assembly if possible) to meet FDA 
requirements. However, a large increase in industry­
sponsored pediatric drug trials is currently underway 
due to a new federal law and new FDA regulations 
that 2 years ago began requiring the pharmaceutical 
industry to test the effects of many adult products on 
children (pediatric drug-study proposals filed with 
FDA, 1999-2000: 184, expected number completed: 
150). In December 2000 the FDA will require pedi-

Table 1 

atric study of any adult disease-fighting drug that 
could be prescribed for children with the same dis­
ease. This is expected to increase the number of US 
children in clinical drug trials from < 1000 in 1990 to 
18 000 by 2002. Prior to this legislation there were 
very few pediatric drug-study proposals filed with the 
FDA (1991-1997: 70, number completed: 11) [58-62]. 

3. The necessary clinical research agenda in pediatric 
ventricular dysfunction 

3.1. Understanding heterogeneous etiologies in children 

When trying to understand the proper therapy for 
children with ventricular dysfunction it is usually im­
portant not to view the child as a small adult and 
extrapolate the effects of ventricular dysfunction ther­
apy for adult ischemia or post-infarction patients to 
the child where a multitude of non-ischemic, non­
post-infarction etiologies exist. For example, in the 
article on angiotensin-converting enzyme inhibitors in 
this issue we reviewed the effects of this therapy 
based on the pathophysiology of the condition and 
found different reported effects of this therapy [63]. A 
goal is to have effective individualized, etiology­
specific therapeutics. An individualized therapeutic 
approach, based on the etiology of ventricular dys­
function and possibly other factors, such as drug 
levels or the levels of neurohormones, could result in 
major progress in treating these patients. We have 
examined the effect of growth hormone replacement 
therapy in pediatric LV dysfunction following anthra­
cycline therapy over a 10-year period and found that, 
unlike adults with LV dysfunction from other etiolo­
gies, there was not an improvement in LV dysfunction 
on growth hormone therapy compared to controls 
[64]. This suggests that the etiology is extremely im­
portant in determining whether the therapy will work. 
Similar to etiology-specific therapies for children with 
ventricular dysfunction we have utilized a similar eti­
ology-specific preventive approach for pediatric 

Detection of doxorubicin cardiotoxicity during therapy by cause and comparison to late cardiotoxicity 

Cause of 
cardiotoxicity 

Depressed energetic 
(mitochondrial) 

Cytokine myocardial 
depressant 

Apoptosis 
Free radical injury 
Myocarditis 

"cTnT, cardiac troponin T. 

During therapy 
echocardiogram 

-2 

-2 

± 
-1 
-2 

During therapy 
serum cTnT'' 

0 

0 

± 
2: + 1 
+2 

Late 
echocardiogram 

± 

-1 
2: -1 
2: -1 
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patients about to receive multiagent chemotherapy 
that includes doxorubicin. Current protocols employ 
multiagent cardioprotection targeted against specific 
etiologies of cardiotoxicity with the goal of no cardiac 
injury (Table 1). 

Although dilated cardiomyopathy (DCM) may be 
caused by > 75 different disorders, the etiology in 
most cases is unknown (idiopathic). The course of 
DCM, almost regardless of etiology, is usually pro­
gressive (Fig. 1), with approximately 75% of these 
children dying within 5 years after the onset of symp­
toms. Most reports give 1- and 2-year mortality esti­
mates of 25 and 40%, respectively. The cause of death 
in approximately 80% of cases is evenly divided 
between sudden cardiac death and congestive heart 
failure (CHF). Some authors believe that adults who 
survive more than 2 or 3 years have relatively good 
long-term survival, but no data have been reported in 
children. However, the natural history of incidentally 
discovered, asymptomatic DCM in adults cannot be 
considered a benign diagnosis, with a 7-year mortality 

rate approaching 50%, suggesting that an aggressive 
approach to the diagnosis and treatment of asympto­
matic patients with DCM is clearly warranted (Fig. 1). 
Small single center series of pediatric DCM ranging 
from 24 to 81 children have suggested 14 factors 
predictive of poor outcomes: decreased LV systolic 
performance at presentation, persistent decreased LV 
systolic performance, a more spherical LV shape, an 
elevated LV end-diastolic pressure, increased LV 
mass, increased cardiothoracic ratio on chest radio­
graph, mural thrombi, age > 2 years, no LV hypertro­
phy by electrocardiogram (EKG), endocardial fi­
broelastosis, complex atrial or ventricular ar­
rhythmias, persistent CHF, STand T wave changes on 
EKG, a family history of cardiomyopathy. Most of 
these factors varied or were in conflict between these 
different studies making it impossible to understand 
risk factors for a poor prognosis in children with 
cardiomyopathy at this time. A report of 137 children 
with cardiomyopathy in Turkey from 1984 to 1989 
noted that DCM improved or normalized for 38.5%, 

Stages in The Course of Pediatric Ventricular Dysfunction 

• Reduce Risk Factors 
Examples of High Risk Populations: 
I. Anthracycline therapy 
2. Chronic Renal 

Failure 
3. HIV infection 

2 

• Screening High Risk (e.g. genetically identified) Populations 
• Early Diagnosis .--------, 
• Diagnose Etiology/Precipitating Problems Clinically 

significant 
• Stage Syndrome Severity conduction 
• Institute Disease Specific Therapies 
1. Toxic and rhythm 

abnormalities 
a. anthracycline 
b. radiation 

2. Infectious/ 
Inflammation 
Myocarditis 

3. Metabolic/ 
Genetic 

4. Nutritional 

Advanced/ 
Refi·actory 
(Severe) 

Radical Therapies 
• Transplant 

(Ottho/hetero) 
• Ventricular 

Assist Device 
(Bridge/pem1) 

• Chronic 
Parenteral inotrope 

• "Batista" surgery 
• Cardiomyoplasty 

Preventive Strategies: Progressively less effective as the number increases. Primary prevention is possible at number I. 
Secondary prevention is possible at numbers 2, 3, and 4. 

Treatment Strategies: Greater impact with higher numbers but longer effects with lower numbers. Treatment is possible at 
numbers 4 and 5 to reduce sequelae. 

Biomarkers/Surrogate Endpoints: Potentially more useful with lower numbers for alteration of course with interventions. Potentially more 
useful with higher numbers for decisions about transplantation. 

Fig. I. Stages in the course of pediatric ventricular dysfunction. The identification of risk factors and high risk populations for ventricular 
dysfunction are highlighted where their use may lead to preventive or early therapeutic strategies. The determination of etiology may lead to 
etiology-specific therapies. The numbers 1-5 indicate stage-related points of intervention for preventive and therapeutic strategies and where 
biomarkers and surrogate markers may be used. 
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DCM remained stable or worsened for 50%, and 
11.5% of children died; numbers that are virtually 
identical to the mean values for these parameters 
from all studies from more developed countries such 
as the United States, Canada, and England during 
similar time periods. This suggests that the enormous 
intensive and invasive resources spent on the treat­
ment of children with DCM in more developed na­
tions may not have had a significant impact on the 
morbidity or mortality of pediatric DCM, mandating 
the need to more completely understand the course, 
causes, factors predictive of adverse clinical outcomes, 
and newer etiology-specific therapeutics. 

We have found that, in spite of large resources and 
advanced technology, the prognosis of DCM in devel­
oped nations is no better than in developing nations 
[65]. Furthermore, there has not been a significant 
improvement in outcome for DCM in children in 
published studies over the past four decades. We have 
been involved with studies of the myocardium from 
children with idiopathic dilated cardiomyopathy that 
specifically investigated disturbed myocardial energet­
ics. We found a high percentage of these patients had 
abnormal mitochondrial enzyme function, mitochon­
drial deletions, or mitochondrial mutations [66,67]. 
This suggests that treating all children with sympto­
matic ventricular dysfunction in a similar fashion, 
regardless of etiology, may be detrimental since in­
otropes, for example, may not be the most efficacious 
therapy for a child with disturbed myocardial energet­
ics from mitochondrial genetic or environmental 
abnormalities. 

3.2. Understanding developmental differences in 
phannacokinetics 

Little is known about cardiovascular drug 
metabolism in children and this has implications for 
predicting clinically important drug interactions with 
the potential for either excessive drug exposure, ef­
fect, and toxicity or decreased drug exposure and loss 
of drug effect [58-62]. Historically this has been due 
to ethical, economic, regulatory, and technical issues. 
Dosing children by scaling adult doses based on body 
weight or surface area does not account for develop­
mental changes that affect drug disposition (phar­
macokinetics) or tissuejorgan sensitivity to a drug 
(pharmacodynamics). The pharmacologic impact of 
these developmental changes is uncovered when un­
expected or severe toxicity leads to pharmacologic 
studies [68,69]. Children metabolize drugs differently 
than adults. Therefore, drugs must be assessed in 
children in terms of increased risk of toxicity and 
reduced efficacy because they may act differently in 
children than in adults. We need earlier evaluation of 

drugs and approaches to make access available as 
soon as possible. In oncology, for example, in the past 
20 years there have been 34 new drugs approved for 
use in adult cancers, but only one new drug approved 
to treat cancer in children [58]. Most FDA-approved 
drugs simply state 'safety and effectiveness in pedi­
atric patients have not been established.' 

Some of the goals of using combination therapy in 
children with ventricular dysfunction include: (1) To 
reduce morbidity and mortality with improved quality­
of-life; (2) To treat different mechanisms contributing 
to ventricular dysfunction; (3) To treat for different 
effects (e.g. drugs to prevent functional deterioration, 
drugs to reduce mortality, and drugs to control symp­
toms); (4) To decrease underlying disease complica­
tions; (5) To reduce treatment toxicity by using lower 
doses; (6) To increase patient compliance; (7) To 
reduce drug dosage or dosing interval; and (8) To 
provide rational prescriptions (fewest drugs, fewest 
side effects, maximal compliance, and minimal cost). 

3.3. Understanding unique aspects of pediatric 
recruitment, retention, compliance, and adherence with 
clinical studies 

Children and their families have many unique is­
sues regarding compliance, recruitment, and retention 
that have been challenging in pediatric studies of LV 
dysfunction [70-75]. Specific pediatric trial strategies 
for compliance, recruitment and retention must be 
developed. Some areas in need of further develop­
ment and understanding to improve recruitment, re­
tention, compliance, and adherence with clinical stud­
ies of ventricular dysfunction include supportive care, 
adolescent/young adult special issues, when the in­
tention is not curative to stress the participation of 
the patient and family in the decision-making process, 
strategies to facilitate return to normal life, improve 
health-related quality-of-life and self esteem, quantity 
of life vs. quality of life tradeoffs, end-of-life 
care issues, minority affairs, underserved populations, 
alternative therapies, understanding, motivations, 
expectations, coping, fatigue, self-help, caregiver 
demands and level of burden, family financial burden, 
dietary factors, strategies to improve access to state­
of-the-art therapy, diffusion into the community of 
knowledge in this area, develop rational surveillance 
and monitoring schedules for survivors of pediatric 
heart failure (determine effectiveness and cost-ef­
fectiveness), transition of care from pediatric cardi­
ology to adult cardiology, greater understanding of 
health service outcome issues such as patient volume, 
payer differences, academic vs. other settings of care, 
protocol vs. no protocol care, race and ethnic issues 
and cultural factors. 
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3.4. Development of risk factors for pediatric ventricular 
dysfunction 

Fig. 1 shows that the identification of risk factors 
for cardiomyopathy can help identify high risk popu­
lations that through screening may lead to: (1) early 
diagnosis, institution of disease-specific therapies, and 
alteration of the course of the disease and to; (2) 
primary prevention of disease by targeted strategies. 
Fig. 2 demonstrates independent risk factors identi­
fied in multivarible analyses of childhood anthracy­
cline recipients [6,12,14,30]. Fig. 2 illustrates that simi­
larities exist between risk factors for early cardiotoxic­
ity during anthracycline therapy [14,30] and risk fac­
tors for late cardiotoxicity in anthracycline-treated 
long-term survivors of childhood cancer [6,12]. The 
importance of long-term longitudinal follow-up of high 
risk populations such as this to determine indepen­
dent risk factors for late clinically significant out­
comes cannot be overstated. 

3.5. Development of clinically significant swmgate 
endpoints 

Methodological difficulties that relate specifically to 
research in children include measuring clinically rele­
vant outcomes. Where death is unlikely, or where 
research is done in the hope that it will benefit the 

• Late Cardiotoxicity 

participants, outcomes which may be surrogate mark­
ers for death are frequently used. The importance of 
identifying high-risk groups that may be detected early 
by validated biomarkers and surrogate endpoints can­
not be overstated. Examples are p24 antigen and CD4 
counts in HIV infection. These surrogate markers 
have many flaws and their ability to predict death has 
generally been established only in adults and the 
associations may be different in children. We have 
found that subclinical myocardial injury measured by 
serum cardiac troponin indicates that a low level of 
injury during doxorubicin treatment frequently trans­
lates to considerable echocardiographic abnormalities 
later in life (Table 1 and Fig. 3) [20,26,28,36,76-84]. 

Surrogate biomarkers have been useful for drug 
development and clinical safety assessment. A 
plethora of technological and conceptual advances in 
molecular biology and medicine, genetics and 
genomics, and related research has opened significant 
opportunities for development of an abundance of 
new therapies. These opportunities provide a chal­
lenge to the assessment of the safety and efficacy of 
these new candidate therapies. The current status of 
toxicology biomarkers in pediatric heart failure drug 
development and clinical safety assessments is in its 
very early development. A surrogate biomarker is 
defined as a reliable tool or measure that allows one 
to monitor and predict that exposure to a drug or 

Fig. 2. Risk factors for the development of anthracycline-associated pediatric ventricular dysfunction. The upper part of the figure summarizes 
independent risk factors identified in multivariable analyses for early clinical cardiotoxicity developing during or in the first year following 
anthracycline therapy in > 6000 children treated on Pediatric Oncology Group protocols from 1974 to 1990 [14,30]. The lower part of the 
figure demonstrates the independent risk factors for late cardiotoxicity developing ~ 2 years after the completion of anthracycline therapy in 
children treated for ALL or osteosarcoma. Median follow-up was 8 years [12]. The relation of these risk factors from late cardiotoxicity to the 
echocardiographic abnormalities found in these patients is illustrated and suggests two independent mechanisms of injury, each with distinct 
risk factors [12]. 
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1. Can cTnT elevations, with developmentally regulated isoform diversity, be measured in children of 
all ages? Yes. 

2. Do cTnT levels correlated with known seventy of myocardial injury in children? (A positive control 
group). Yes. 

3. Is cTnT absent in children without myocardial injury? (A negative control group). Yes. 

+ 4. Low cTnT levels may be important in children. The analytic validity/sensitivity of the cTnT assay at 
low levels was established 

+ 
5. Is cTnT elevated in children receiving doxorubicin? Low level cTnT elevations noted. 

+ 
6. What is the time course of cTnT elevations in children receiving doxorubicin? A serial time course 

study was conducted. + 
7. Do cTnT elevations in children receiving doxorubicin relate to late echo abnormalities? A 

correlative study with 1 year of follow-up was conducted and showed significant correlations. 

+ 
8. What is the specificity of doxorubicin associated cTnT elevations for myocardiocyte injury? 

Immunohistochemistry using the cTnT antibody from the assay demonstrated cTnT leaving 
doxorubicin injured rat myocardiocytes. 

9. Does a doxorubicin dose-cTnT elevation relation exist? A dose response effect was demonstrated in 
rat heart. 

10. Does a doxorubicin histologic injury score (a gold standard)-cTnT elevation relation exist? Blinded 
histologic scoring and cTnT measurements correlated significantly in rat heart. 

+ 
11. Will agents known to be cardioprotective against doxorubicin cardiotoxicity result in reduced cTnT 

elevation? Yes in the rat heart. We remain blinded in active randomized clinical trials in children. 

+ 
12. Will the magnitude or timing of cTnT elevations correlate with late echo abnormalities, symptomatic 

heart disease or cardiac mortality in doxorubicin-treated long-term survivors of childhood cancer? 
Such studies are in progress. 

9 

Fig. 3. Stages in the validation of serum cardiac troponin T as a biomarker of doxorubicin cardiotoxicity during therapy and as a surrogate 
endpoint for late doxorubicin cardiotoxicity in long-term survivors of childhood cancer. This figure illustrates the 12 stages we have 
undertaken during the past 6 years to determine whether elevations of serum cardiac troponin T represent doxorubicin myocardiocyte injury 
during therapy and whether these elevations during therapy can predict which children will have late doxorubicin cardiotoxicity. If that is 
found then cardiac troponin T would be validated as a surrogate endpoint for late doxorubicin cardiotoxicity. A multidisciplinary multispecies 
approach has been utilized [20,26,28,36,76-84). · 

environmental chemical may result in harm, illness, or 
pathology. Particular emphasis is on the demonstra­
tion that biomarkers can serve as early predictors of 
adverse effects and on the development of technologi­
cal approaches to find more and better toxicology 
biomarkers. 

High throughput technologies are enabling produc­
tion of large numbers of new chemical entities to be 
evaluated as target-specific candidate therapies. Im­
proved safety evaluation methods are needed to pro­
vide preclinical and clinical toxicity testing in an ef­
ficient and timely fashion. The use of biological mark­
ers, or biomarkers, defined as characteristics that are 
objectively measured and evaluated as indicators of 

normal biologic processes, pathogenic processes, or 
pharmacologic responses to a therapeutic interven­
tion, is one approach to enhance toxicity testing. 

Mass spectroscopy, eDNA microarray, protein ex­
pression, and imaging technologies are examples of 
basic discovery tools that may serve as platforms to 
evaluate predictive biomarkers of toxicity. These fun­
damental research discovery tools now provide oppor­
tunities to develop highly efficient assay systems to 
establish specific and sensitive indicators of cellular 
and molecular injury. For example, biomarkers may 
represent components of cell signaling pathways for 
apoptosis, growth factors, cytokines, and chemokines, 
and xenobiotic metabolic pathways. Establishment of 
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the linkage of biomarkers to clinical features of toxic­
ity is critical to their application in drug safety testing. 

Harnessing new technologies for toxicology testing 
will be expedited by cooperative efforts among gov­
ernment, universities, and private industry partners. 
These interactions will facilitate the development of a 
technology and information-based infrastructure that 
will support the standardization of testing methods, 
validation of assay systems, establishment of 
databases, and development of statistical analyses that 
are needed to better characterize toxicity biomarkers 
and establish linkage of biomarkers to clinical fea­
tures of toxicity. These are critical to their application 
for drug safety testing. 

The validation of a biomarker as a surrogate end­
point for children at risk of developing ventricular 
dysfunction is a long and consuming process. We have 
employed a multispecies, multidisciplinary approach 
to determine whether measurement of serum cardiac 
troponin T during doxorubicin therapy for childhood 
cancer can be considered a surrogate endpoint for the 
late echocardiographic abnormalities found in these 
patients when they become long-term survivors (Fig. 
3) [20,26,28,36,76-84]. Not all cardiac abnormalities 
measured during therapy would be expected to relate 
to late echocardiographic abnormalities in this popu­
lation (Table 1 ). 

The use of biomarkers to tailor therapy based on 
mechanisms of injury for an individual child with 
unexpected new onset symptomatic ventricular dys­
function is a useful goal. Elevated serum cardiac 
troponin T indicates active myocardiocyte injury. In 
this setting such injury most likely represents infec­
tious or inflammatory causes resulting in myocarditis. 
Recent work by Towbin and colleagues suggests that 
a positive PCR viral panel predicts subsequent ad­
verse clinical outcomes following pediatric heart or 
lung transplantation [85-87]. Table 2 shows an exam­
ple of a testable treatment strategy based on the 
presence or absence of active myocardiocyte injury, as 
measured by serum troponin, and the presence or 
absence of viral myocardial genome, as measured by 
PCR. This strategy, and others like it, may allow 
pediatric cardiologists to focus research efforts on 
whether etiology-specific therapies offer an advantage 
in outcome over anticongestive therapy alone. 

Table 2 

The use of a biomarker for myocardiocyte injury, 
like serum cardiac troponin T, that may become a 
validated surrogate endpoint, allows for the identifi­
cation of high-risk populations where subsequent LV 
dysfunction is likely to occur. We have found that 8% 
of young children presenting with acute, presumed 
viral, illnesses had evidence of active myocardial in­
jury [88]. Similarly, we found that children with chronic 
renal failure frequently have active myocardial injury 
that relates to potentially modifiable factors [89,90]. 
Recently, we found that pediatric heart transplant 
recipients have myocardiocyte injury that does not 
necessarily correlate with histologic rejection [37]. 
Terbutaline cardiotoxicity for childhood asthma was 
found by us to be less cardiotoxic than previously 
thought by using serum cardiac troponin T [38]. 

The stages of biomarker development as a valid 
surrogate endpoint in pediatric patients at risk for 
ventricular dysfunction is illustrated in Fig. 3. The 
validation of a single biomarker, cardiac troponin T, 
as a surrogate endpoint for late doxorubicin car­
diotoxicity has been a long and involved process 
[20,26,28,36,76-84]. 

Myocardiocyte injury may occur from disease or 
during therapy of childhood cancer. Injury should be 
detectable by screening for cardiac troponin-T, a my­
ocardiocyte-specific contractile protein not normally 
present in serum except with myocardiocyte injury. 
Myocardiocyte injury in children with ALL relates not 
only to doxorubicin, but to other factors as well [79,80]. 
Low-level myocardial injury occurred in nearly 29% 
of doxorubicin-treated patients [79,80]. For patients 
with higher cardiac troponin T elevations, chronically 
active myocardiocyte injury over weeks to months was 
frequently noted [79,80]. Strategies to prevent or re­
duce cardiac injury during treatment for childhood 
cancer may be targeted, including individualized in­
terventions, based on cardiac troponin T elevations. 

Normal LV function does not indicate a lack of 
myocardial injury or damage (Table 1). The use of 
surrogate markers of subclinical disease is helpful 
since large sample sizes are needed to achieve end­
points of heart failure or death resulting in problems 
with recruitment and retention to conduct a placebo­
controlled trial. Standard definitions of abnormal sur­
rogate endpoints are imperative if they are to be 

Testable treatment strategies for children presenting with congestive heart failure 

Viral polymerase chain reaction panel + + 
Serum cardiac troponin + + 

1. Immunomodulatory therapy + + 
2. Anti-infective therapy + + 
3. Anti-congestive or anti-remodeling therapy + + + + 
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adopted on a global basis. The pharmacokinetics of 
therapy and its pharmacodynamic outcome are impor­
tant to consider when evaluating surrogate endpoints. 
Dose-response, add-on, sequential dose-escalation, or 
cross-over study designs may be useful in studies 
employing surrogate markers if the underlying disease 
or condition is stable (and often it is not in this 
population). Multi-arm and factorial study designs 
might explore dose and duration of tested therapies 
and the exploration of trends might be useful when 
surrogate markers are used. The use of a tiered 
approach to assess both the surrogate outcomes and a 
cluster of clinical related outcomes may also be help­
ful. The surrogate endpoints considered many times 
reflect the mechanism of action of the study drug. 
Studies that use clusters or composites of clinically­
unproven outcomes for this patient population that 
are perhaps biologically related and may be affected 
by the same mechanism of action of the study drug 
are not acceptable. Unless the surrogate outcomes 
used are clearly reliable it becomes necessary to inter­
pret results with extreme caution unless consistent 
results are observed on a range of related outcomes 
and even then the size of the treatment effect may be 
substantially overestimated. It is unclear whether in 
children with ventricular dysfunction, where there are 
multiple hormonal, nutritional, neurologic, and car­
diovascular effects, among others, whether surrogate 
endpoints that have been validated in adults with 
ventricular dysfunction are also valid. Changes in 
surrogate markers should reflect changes in clinically 
meaningful endpoints such as heart failure or death 
for the surrogate marker to be valid. Surrogate end­
points that assess health-related quality-of-life are 
important. For example, if the use of a experimental 
therapy for pediatric ventricular dysfunction reduces 
non-fatal endpoints or events such as symptoms, de­
creases recurrent hospitalizations, or increases func­
tional status, and that may be the only achievable 
goals for many of these patients, then the therapy's 
overall benefit to the patient may exceed its effects on 
objective surrogate markers of clinically significant 
outcomes. 

3.6. Investigate the course of evolving disease processes 

Fig. 1 reviews the stages in the course of pediatric 
ventricular dysfunction. The course is often followed 
by echocardiographic measurements of LV structure 
and function. The careful use of these measurements 
have enabled us to understand the mechanical mech­
anisms of developing ventricular dysfunction in dif­
ferent affected pediatric populations [11]. In children 
with HIV infection we have found that there are 
abnormalities of fractional shortening and contractil-

ity that independently predict mortality years before it 
occurs [39]. In this same population we found that 
inappropriately increased ventricular wall thickness or 
mass were also independent long-term predictors of 
mortality by different mechanisms [39]. This is in 
sharp contrast to anthracycline-treated long-term sur­
vivors of childhood cancer where we observed that 
inappropriately reduced ventricular wall thickness was 
the leading cause of late ventricular dysfunction by 
increasing ventricular afterload (Fig. 2) [6,12]. In chil­
dren with chronic renal failure, ventricular dysfunc­
tion appears related in part to increased sympathetic 
cardiac tone [89,90]. Understanding the significance of 
measurements of ventricular structure and function is 
enhanced by considering a number of pediatric­
specific issues including the normalization of echocar­
diographic measurements to age, body surface area, 
sex, and racejethnic origin [12,91]. It becomes impor­
tant to understand the effects of mechanical load and 
its potential implications for treatment options. 
Testable treatment strategies include whether all chil­
dren with ventricular dysfunction should be treated 
similarly or whether afterload reducing strategies may 
be more beneficial for a child with ventricular dys­
function on the basis of elevated afterload with nor­
mal contractility and whether contractility enhancing 
strategies may be most appropriate for a child with 
ventricular dysfunction due to depressed contractility 
but normal loading conditions. We have found that in 
long-term survivors of childhood cancer treated with 
mediastinal radiation that many cardiac abnormalities 
are present including diastolic dysfunction with a re­
strictive cardiomyopathy [92]. Studies that have limited 
their assessment to global LV systolic performance 
have concluded that this is a population free of late 
dysfunction. The importance of understanding the 
comprehensive cardiovascular status of this high-risk 
population is clear and is the only way the patient's 
cardiac health will be accurately assessed. 

3. 7. Understanding that serious disability or death as 
endpoints are rare with intennediate follow-up 

Genetic disorders that may lead to serious disability 
or death in childhood are rare and therefore there is 
difficulty in using objective clinical outcomes in pedi­
atric research studies. Death is objective and has the 
advantage of being dichotomous but for most child­
hood illnesses death is unusual so very large sample 
sizes would be required. 

3.8. Understanding what congestive heart failure is 

For childhood congestive heart failure the diagnosis 
is often subjective or confounded by being linked to 
measurements of ventricular systolic function which 
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poses problems when establishing selection criteria or 
endpoints for clinical trials. 

3.9. Understanding functional status and quality of life 

There are few validated age-appropriate instru­
ments. Quality-of-life assessment should be an impor­
tant outcome in clinical trials. A recent review of nine 
quality-of-life measures developed for children found 
them to be insufficiently child-centered or family­
focused, and few had been adequately validated or 
subjected to tests for reliability or responsiveness to 
change [1]. In one study we conducted of patient-per­
ceived functional status of long-term survivors of 
childhood cancer treated with anthracyclines, we 
observed that the patients who had received the high­
est cumulative doses of anthracyclines and, as a re­
sult, had the worst ventricular function complained 
the least of decreased functional status but were the 
most impaired [6]. This is a complex and important 
area that needs more development. It is also impor­
tant that as new therapies are tested in asymptomatic 
patients that quality-of-life be assessed to ensure that 
experimental therapies focused on treating ventricu­
lar dysfunction do not adversely affect overall quality­
of-life. 

3.1 0. Understanding development and progression of 
disease 

It is only by studying the long term course of 
children with, or at risk for, ventricular dysfunction 
that we will be able to identify the genetic variations 
and environmental factors that predispose individuals 
to the development of heart disease and their subse­
quent modification [34]. We have found that even the 
fetal maternal environment may exert strong and last­
ing adverse effects on ventricular structure and func­
tion in infants and children, suggesting that long 
follow-up of at-risk populations should not only be 
thought of at the time of diagnosis of ventricular 
dysfunction, but also during the preceding time inter­
val [17,93-96]. 

3.11. Proposed research in pediatric ventricular 
dysfunction 

The relation of future research in pediatric ventric­
ular dysfunction to existing guidelines in this area 
from the literature will be explored in this section. In 
addition, the ability of the NHLBI-supported Pedi­
atric Cardiomyopathy Registry to facilitate these re­
search objectives is listed [54]. 

The NHLBI Report of the Task Force on Research 
in Heart Failure published in May 1994 specifically 
suggests the formation of a national cardiomyopathy 
registry to encourage the establishment of working 

groups of scientists to: (1) investigate the genetics of 
cardiomyopathy by exchanging patient material, de­
veloping new genetic probes for candidate genes, and 
organizing a central center for data analysis: (2) inte­
grate basic and clinical studies by using the availabil­
ity of human cardiac tissue to elucidate the natural 
history of the biochemical and physiological changes 
that occur during the progression to heart failure and 
utilize this to monitor therapeutic interventions; and 
(3) create a national myocardial tissue bank to coordi­
nate the distribution of tissue to facilitate studies of 
the pathophysiology of clinical heart disease. The 
report states that heart failure is a major and growing 
health problem in the United States; yet, scientists 
are at the brink of making major advances that could 
control this condition and reduce the toll of heart 
failure. The conclusion of the executive summary 
specifically calls for research on the genetic and cellu­
lar causes of heart failure and the development of a 
preventative strategy that includes identifying patients 
at risk of heart failure, both of which should be 
accelerated by the Pediatric Cardiomyopathy Registry 
[54]. Some of the specific recommendations noted 
throughout the report that are addressed by the 
Registry include the following: 

• Use specific gene mutations associated with, and 
presumed responsible for, different cases of car­
diomyopathy to allow for the genetic diagnosis of 
cardiomyopathy and to point the way to treating 
affected individuals in an early, 'preclinical' stage 
of disease in the hope of preventing heart failure. 

• Efforts to elucidate the fundamental genetic 
abnormalities in idiopathic dilated cardiomyopa­
thy are encouraged to yield information on the 
fundamental cause of heart failure and new meth­
ods of prevention. 

• A major long-range goal that has potential for 
preventing and treating heart failure is the correc­
tion of abnormal cardiac gene expression by the 
introduction of foreign genes into the heart and by 
the restoration of myocyte cell division. 

• To determine the causes of heart failure in dif­
ferent geographic locations and socioeconomic 
strata of a population. 

• Identify candidate genes for familial forms of idio­
pathic dilated cardiomyopathy and other forms of 
hereditary heart disease that can lead to heart 
failure. 

• To determine the relationship between the molec­
ular abnormalities responsible for the synthesis of 
abnormal proteins and the abnormal clinical 
phenotype in the cardiomyopathies. 

• Investigate potential infectious mechanisms of 
cardiac damage and cardiomyopathy. 

• Determine whether development, race or gender 
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is a factor in the development or progression of 
ventricular hypertrophy or cardiomyopathy, and if 
so then what are gender, racial, and developmen­
tal-specific risk factors. 

• Develop sensitive, reliable, and reproducible 
methods for early detection of functional, 
metabolic, and structural changes of the my­
ocardium. 

• Determine the factors that accelerate the progres­
sion of cardiac damage, and define the genetic and 
phenotypic characteristics that contribute to pro­
gression and regression of cardiac damage. 

• Define the effectiveness of early therapeutic inter­
ventions, including their limitations and side ef­
fects, and determine ways in which to reduce the 
risks of early interventions. 

• Develop and perfect simple, cost-effective, and yet 
accurate and reproducible non-invasive techniques 
suitable for patient care and epidemiological stud­
ies. These techniques should be improved suffi­
ciently so that the need for expensive, invasive 
examinations can be greatly reduced. 

• Define factors that constitute a high-risk profile 
among asymptomatic or mildly symptomatic 
patients with LV dysfunction. 

• Determine how patients with LV dysfunction and 
heart failure who are at increased risk of sudden 
death can best be identified. 

• Identify factors responsible for progression or lack 
of progression to symptomatic heart failure in 
individuals with asymptomatic abnormalities in 
cardiac structure or function. Clarify the interac­
tions among predisposing factors, aging, and struc­
tural or functional cardiac abnormalities in in­
creasing the risk of developing heart failure. 

e Validate simplified, non-invasive imaging and car­
diac function assessment methods for detecting 
abnormalities of cardiac structure and function. 
Evaluate the sensitivity of these methods for mon­
itoring the progression of cardiac dysfunction. 

• Identify markers in asymptomatic individuals with 
left ventricular dysfunction that are predictive of 
early morbidity and that therefore enable selec­
tion of patients who are more likely to benefit 
from aggressive therapy. 

• Assess the relative importance of the relief of 
symptoms and disability vs. the increased risk of 
mortality in patients with end-stage heart failure. 

• Define the role of cardiac transplantation in chil­
dren with end-stage dilated cardiomyopathy and 
determine the risk factors that minimize long-term 
survival, including graft rejection, pulmonary vas­
cular resistance, premature atherosclerosis, and 
ventricular diastolic dysfunction. 

The NHLBI Report of the Expert Panel on Ge-

netic Strategies for Heart, Lung and Blood Diseases 
predicts that many of the mutations causing disease 
will be identified in the next 10-20 years. Registries 
will allow that to happen for pediatric cardiomyopa­
thy. The Registry should lead to an understanding of 
the pathogenesis of these disorders and offers the 
hope of having a major impact on the clinical practice 
of medicine in this area [54]. In reference to car­
diomyopathy, the report notes 'a paucity of cardiovas­
cular investigators and clinicians who are familiar 
with genetic principles and methodologies. Similarly, 
there are few molecular geneticists studying these 
vascular and myocardial diseases. It is therefore cru­
cial to increase genetic expertise among cardiovascu­
lar investigators and to concurrently encourage the 
involvement of geneticists in this area.' These re­
search priorities are some of the goals of the registry. 

• Establish a disease-specific coordinated network 
to foster genetic studies among many investiga­
tors. 

• Provide an infrastructure and ways to interact. 
e Have the ability to share data and resources among 

network members. 
• Develop and maintain appropriate databases. 
• Provide a uniform, robust, and meaningful defini­

tion of the phenotype of cardiomyopathy. 
• Have adequate facilities to store data. 
• Have sufficient statistical and analytical expertise 

and resources. 
• Result in the establishment of appropriate collec­

tions of patients and families of diverse ethnic and 
racial backgrounds. 

• Provide detailed knowledge of relevant physiology 
to increase the power of genetic studies. 

In June 1991, the NHLBI convened a Workshop on 
the Prevalence and Etiology of Idiopathic Dilated 
Cardiomyopathy (IDCM) (Am J Cardiol 1992; 
69: 1458-1466), in large part because there was limited 
information on pathogenesis and prognosis, few popu­
lation-based estimates of incidence and prevalence 
were available, and few geographic areas were repre­
sented in previous publications. It was noted that 
IDCM was difficult to study owing to the relatively 
low prevalence, its potential pluricausal nature, and 
the fact that it is often a diagnosis of exclusion. The 
report summarized existing data on established IDCM, 
which notes 1-year survival rates of 48-77%, 2-year 
rates of 31-66%, and 3-year rates of 24-53% among 
more than 2000 adult patients. Because the mecha­
nism of myocardial damage and the related etiologic 
and prognostic factors are virtually unknown, the 
workshop felt that it presented a significant challenge 
to the cardiovascular community. The workshop con­
cluded by recommending several areas for future 
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observational and interventional studies of IDCM, all 
of which the Pediatric Cardiomyopathy Registry [54] 
will facilitate: 

• Standardized diagnostic criteria should be devel­
oped. 

• Population-based registries were given the highest 
priority among etiologic study designs to under­
stand cardiomyopathy better. The workshop felt 
that this was an appropriate study design for track­
ing incidence and prevalence and to identify rep­
resentative cases to study potential etiologic fac­
tors in subsequent case-control studies. Observa­
tional studies were recommended that would be 
able to address non-modifiable factors (e.g. age, 
sex, race or ethnicity, and genetic predisposition) 
and modifiable factors (e.g. viruses, diet, so­
cioeconomic status, metabolic conditions, drugs, 
toxic or occupational exposure, obesity, and hyper­
tension). 

• Suggested measurements to be included in popu­
lation-based studies in IDCM were stated. These 
included DNA polymorphisms and candidate 
genes, cardiac structure defined by echocardiogra­
phy, immunologic markers, and neurohumoral fac­
tors). Echocardiography was recommended as the 
principal method of detection, diagnosis, and fol­
low-up for population-based studies. 

In May 1996 the NHLBI convened a Special Em­
phasis Panel on Research in Heart Failure whose 
suggestions included a number of areas applicable to 
clinical studies of children with ventricular dysfunc­
tion, some of which are highlighted below [97]. 

• 'More focused clinical trials in which the patient 
population is more homogenous. Although this 
approach may yield data that are viewed to be less 
broadly applicable, new understanding of a mech­
anism in a clearly defined subset of patients with 
heart failure may well be applicable to a larger 
population.' 

• 'Future trials of heart failure treatments should 
plan to consider arrangements for ancillary basic 
studies and obtain blood, tissue, or other measure­
ments to elucidate mechanisms of the disease and 
its progression. This information would form the 
origins of a database that would meet a critical 
need to establish the phenotypes and genotypes of 
the normal and failing hearts.' 

• 'Large-scale clinical trials provide a rich popula­
tion of patients with LV dysfunction that are mon­
itored over time in a well-defined, standardized 
protocol. The opportunity to identify molecular, 
cellular, structural, neurohormonal, electrophysio­
logical, bioenergetic, circulatory, or clinical mark-

ers of the progression of the ventricular dysfunc­
tion and of its response to the therapeutic inter­
ventions should not be lost.' 

The list of clinical research studies in this area is 
large, in part because so little has been done so far. In 
general, research is needed to find the optimal ther­
apy for correcting both systolic and diastolic ventricu­
lar dysfunction and left ventricular hypertrophy be­
fore irreversible changes ensue. In addition, more 
research is needed to find the means to combat the 
sudden death-promoting dysrhythmias of heart fail­
ure. It is also extremely important to consider the 
efficacy of preventive measures in heart failure candi­
dates with normal systolic function. In adults im­
proved heart failure treatment has resulted in im­
proved outcomes but more work needs to occur to 
understand the physiological bases for potential sex, 
race, and age differences [98,99]. Clinical trials need 
to be designed out of need rather than expediency. 
Healthcare processes that deliver cost-effective treat­
ments in a more uniform manner need to be imple­
mented. 

4. Obstacles to achieving clinical research goals in 
pediatric ventricular dysfunction 

4.1. Smaller population 

For many chronic diseases which affect both adults 
and children the number of patients in the adult 
population is much greater. This may lead to dif­
ficulties in obtaining statistical power to detect an 
effect of treatment. 

4.2. IREs may not allow pediatric studies where adult 
data exist 

Institutional review boards have rejected pediatric 
proposals where the study has been done in adults. 
The same therapy may have different effects depend­
ing on the stage in the disease process that is used. 
Children receive special protection under federal reg­
ulations for biomedical research that require the po­
tential for direct benefit to the child participating in a 
drug study. This limits participation since initial phar­
macokinetic and safety testing in normal pediatric 
subjects is more difficult to obtain informed consent 
on than with adult studies. 

4.3. Need for long-term follow-up to understand natural 
hist01y and to examine subclinical drug effects 

Studies in children are of particular interest where 
the drug may affect the natural history of a disease. 
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This is the case for many emerging therapies (i.e. 
gene therapy). Trials to determine safety and efficacy 
are initially important. However, the real outcomes of 
interest, such as rates of decline in function, should 
be examined over years, rather than months, and are 
of particular interest in patients with mild disease 
who may not yet have developed irreversible organ 
damage. The importance of maintaining cohorts of 
rare diseases to understand the natural history and 
response to therapy in children is clear [100,101]. The 
field of adult congenital heart disease is too narrowly 
focused on structural cardiovascular malformations 
and should include adults with onset of ventricular 
dysfunction in childhood either from genetic or envi­
ronmental causes. In order to help these populations 
of patients more and better understand their diseases 
it becomes important to follow cohorts with specific 
rare diseases differently and a unified clinic is an 
ideal way to facilitate this. We found that using 
cross-sectional data at a single point in time demon­
strated a significant correlation between immune dys­
function and ventricular dysfunction in HIV -infected 
children [23]. However, when we followed these chil­
dren long-term and examined longitudinal correla­
tions we found that there was not a significant corre­
lation between immune and ventricular dysfunction 
[23]. Having been able to examine trends over time in 
this population at high risk for ventricular dysfunction 
enabled us to determine the truth. 

4.4. FDA reL·iew and approval of pediatric ventricular 
dysfunction therapeutic studies utilizing death as the sole 
acceptable endpoint is not reasonable 

The development of validated surrogate endpoints 
must be a priority. Mortality is not always an indicator 
of good or poor outcome in heart failure and may be 
the inevitable consequence of a long illness for which 
the patient may have received excellent care and had 
a good pharmacologic response to therapy. Suffering 
associated with this condition may be substantial, and 
health status measures may be as important as sur­
vival rates. 

The FDA has made major changes to increase 
awareness and compliance with testing new drugs in 
children to develop pediatric dosing recommendations 
at an earlier stage in the development process and to 
improve the safety of new agents in children. Pedi­
atric cardiologists must now devise more rational 
methods of selecting which new cardiac drugs to 
develop for children with ventricular dysfunction and 
to develop new and more efficient trial designs to 
evaluate safety, pharmacokinetics, and efficacy of new 
drugs in children with ventricular dysfunction, as more 
new drugs become available for testing in children at 
an earlier stage in the drug development process. 

4.5. Participation by pediatric cardiologists is difficult 

The Pediatric Cardiomyopathy Registry has > 220 
centers that confirmed participation but only 44 have 
actually participated [54]. The agenda for pediatric 
cardiology should be to advocate for participation of 
pediatric cardiologists in clinical research studies be­
cause all is not well for us in this area. There was 
acknowledgement in the pediatric oncology field in 
the late 1960s that the outcome results were not good 
enough. We must first get that acknowledgement in 
pediatric cardiology and then get the buy-in of pedi­
atric cardiologists around the country to participate 
on clinical trials. Recent drug company-sponsored 
studies of ACE inhibitors indicate that this can be 
done in this field [102,103]. 

Despite these difficulties there can be little progress 
in the clinical care of children without research in this 
age group, and the findings of studies in children may 
also be relevant to adult medicine. 

Those concerned with the care of children have a 
duty to improve that care. One way of achieving that 
goal is through research. However, for research to be 
successful and to overcome difficulties pediatricians, 
parents, and children must all be convinced of its 
importance. 

4.6. Reporting and recall bias by pediatric cardiologists 

In several studies we have performed in pediatric 
ventricular dysfunction we have been surprised to find 
that the results were not what we would have ex­
pected a priori. For example, in 1993 we performed a 
written and telephone survey of 100 pediatric cardi­
ology program directors to review cases of pediatric 
cardiomyopathy in their practices. The results of that 
survey are shown in Table 3. Five years later we 
presented the results of actual data that had been 
collected from many of these same programs and 
found major differences from the conclusions of the 
survey [98,99]. The actual incidence of pediatric car­
diomyopathy and the percentage of children with a 
known etiology of their cardiomyopathy were both 
approximately one-half of what the survey had sug­
gested [98,99]. This suggests that surveys of experts in 
pediatric cardiology may be misleading due to unin­
tentional reporting and recall bias. The details of this 
survey on children with ventricular dysfunction are 
reviewed below. 

Between September 1992 and June 1993, we con­
ducted a self-administered mail survey of pediatric 
cardiologists associated with a range of health-care 
institutions and private practices throughout the 
United States and Canada. We took the sample of 
cardiologists from the American Academy of Pedi­
atrics, 1991 Fellowship Directory, Section on Cardi-

Ex. 2007-0450



16 S.E. Lipslwltz /Progress in Pediatric Cardiology 12 (2000) 1-28 

Table 3 
Results from cardiomyopathy survey (n =number of respondents; CM =cardiomyopathy) 

Clinic profile 

Number of pediatric cardiologists on staff at responding 
institutions (n = 94) 
Number of pediatric cardiology patients yearly (n = 90) 
Mean 
S.D. 
Race, etlmicity (n = 74) 
White 
Black 
Hispanic 
Other 
Sex (n = 70) 

Male 
Female 

Cardiomyopathy profile 

Number of patients seen yearly for CM (excluding 
Kawasaki disease and rheumatic fever) (n = 84) 
Mean 
S.D. 
Type o.fCM (n = 82-84) 
Dilated 
Hypertrophic 
Restrictive 
Arrhythmic 
Etiology (n = 66-72) 
Known or suspected 
Infectious 
Metabolic or genetic 
Cancer-related 
Immunologic 
No known etiology 
Cardiac catlzeterizations 011 patients with CM (n = 89) 
Mean 
S.D. 
Biopsies among catheterizations for CM (n = 82) 
Heart transplants on patients with CM (n = 92) 
Deaths among patients with CM (n = 78) 
Autopsies on patients who died with CM (n = 82) 
Mean 

ology. We initially identified 109 cardiologists from 
the United States and 15 from Canada. These physi­
cians represented 38 large, 27 medium, and 14 small 
university hospitals in the United States, 30 private­
practice settings in the United States, and 15 hospitals 
in Canada. Of the cardiologists identified from the 
United States, 1 was not a pediatric cardiologist, 1 
was retired, and 1 was deceased. The remaining 121 
pediatric cardiologists were eligible to participate in 
the survey. 

We designed the questionnaire to provide estimates 
on the number of cardiomyopathy cases that might be 
submitted to a national pediatric registry and the 
willingness of respondents to participate in such a 
registry. Specific questions included the number of 
cardiologists on staff; annual number of pediatric 
cardiology patients seen by their group or institution; 
gender and racial distribution of patients; number of 

538 
267 889 

3189 
1658 

63% 
22% 
10% 
5% 

51% 
49% 

5205 
62 

104 

58% 
30% 
5% 
5% 

17% 
13% 
12% 
2% 

57% 
1003 

II 
12 

1075 
212 
218 
190 

2 

patients with a cardiomyopathy seen yearly; annual 
number of cardiac catheterizations, biopsies, and 
transplants performed on these patients; and annual 
number of deaths and autopsies. In addition, respon­
dents were asked whether they would be willing to 
participate in a voluntary pediatric cardiomyopathy 
registry and, if so, what proportion of cases would 
realistically be reported. The response rate to the 
survey was 79% (n = 96). Twelve pediatric cardi­
ologists from the United States and one from Canada 
declined to complete the questionnaire and also de­
clined to participate in a voluntary registry on tele­
phone follow-up. 

Ninety pediatric cardiologists responded affirma­
tively to their group or institution participating in a 
voluntary registry; three respondents reported that 
they would not participate; and three responses were 
missing. 
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The results of this survey suggested a strong nation­
wide interest in and need for a voluntary registry for 
pediatric cardiomyopathy. The large number of cases 
also suggested that the magnitude of the disease is 
great. Furthermore, the percentage of cases with an 
unknown etiology and the number likely to be symp­
tomatic (cardiac catheterizations) or to have in­
tractable disease (transplants and deaths) reinforced 
the need to study this disease and discover common 
etiologies and disease mechanisms so as to develop 
appropriate treatments. 

4.6.I. Availability of patients and evidence of access to 
patients 

The centers responding to the survey represented a 
high percentage of pediatric cardiologists in the 
United States and Canada and encompassed almost 
all major centers of pediatric cardiology. The respond­
ing and participating centers collectively followed 
267 889 pediatric cardiology patients. The 1991 Fel­
lowship Directory of the American Academy of Pedi­
atrics listed 580 pediatric cardiologists from the United 
States and Canada as members. The survey reported 
here represents the participation of 538 pediatric car­
diologists, 95% of the number listed in the academy 
directory. Survey respondents noted that they refer 
only 2.5% of cardiomyopathy patients elsewhere for 
evaluation and management. The respondents stated 
that realistically, 83% of their pediatric cardiomyopa­
thy patients would be reported to the registry. There­
fore, the availability of and access to data from in­
fants and children with cardiomyopathy appears quite 
strong. 

4.6.2. Wide geographic distribution 
Participating centers represent 43 states plus the 

District of Columbia, eight Canadian provinces, and 
Puerto Rico. These states or provinces encompass 
94% of the population. Survey respondents stated 
that they capture 70% of pediatric cardiology patients 
in their region, with 80% of new patients having been 
referred from elsewhere. 

4.6.3. Women and minorities 
Females represented 49% of all pediatric cardi­

ology patients followed at responding centers. The 
racial and ethnic composition was 63% white, 22% 
black, 10% Hispanic, and 5% other. 

4.6.4. Importance of the Medical Question 
IDCM, or primary myocardial disease, is poorly 

understood. The annual incidence of IDCM is esti­
mated at 2-8j100000 in the United States. Overall 
survival of patients with IDCM is poor (- 50-60% at 
2 years). As exemplified by the known forms of inher­
ited cardiomyopathy, factors such as age, coexisting 

illnesses, diet, and additional genetic loci may play a 
part in determining the expression of the cardiomy­
opathy phenotype. 

4.6.5. Prevalence of pediatric cardiomyopathy 
The mean number of active pediatric cardiomyopa­

thy patients followed at 84 respondents' centers is 62, 
for a total of 5205 patients, or 1.9% of the mean 
number of all pediatric cardiology patients followed 
(3189). This figure is close to the 2.7% prevalence of 
pediatric cardiomyopathy followed by pediatric cardi­
ologists in the New England Regional Infant Cardiac 
Program. The actual prevalence of pediatric car­
diomyopathy (diagnosed and undiagnosed) is not 
known. 

Cardiomyopathy is functionally classified as hyper­
trophic, dilated, restrictive, or arrhythmic. The survey 
noted that DCM was most common (58%), followed 
by hypertrophic (30%), restrictive (5%), and ar­
rhythmic (5%). In the majority of cases reported here 
(57%), the etiology was unknown. For those where 
the etiology was known or suspected, respondents 
reported that 17% had an infectious etiology, 13% 
were metabolic or genetic, 12% were related to toxic 
exposures (e.g. anthracycline chemotherapy or irradi­
ation), and 2% had immunologic causes. 

4.6.6. Incidence of pediatric cardiomyopathy 
The annual number of new cases of pediatric car­

diomyopathy reported by 88 centers was 4098, with a 
mean of 47. A comparison of 47 with the mean 
number of total cases per reporting center [62] sug­
gests that the length of follow-up for infants and 
children with cardiomyopathy is short, approximately 
1.4 years. Other studies on cardiomyopathy have sug­
gested that the 1-year survival rate for infants and 
children is 20-80% and the 5-year survival rate for 
adults is 25%, supporting the possibility that short 
survival is likely. Other factors that may have con­
tributed to the similarity between prevalence and 
incidence could be patient improvement and dis­
charge from follow-up, patients lost to follow-up, and 
the methods for data collection used in this survey. 

This survey suggests that the incidence of car­
diomyopathy based on 60 million children .::; 18 years 
of age is 0.9/10000 children (4512/60 million). This 
compares closely with the 1/10 000 incidence noted in 
the first year of life in the Baltimore-Washington 
study. This suggests that a steady number of new 
cases of cardiomyopathy continues throughout child­
hood to keep the incidence constant. 

4.6. 7. Severity of pediatric cardiomyopathy 
Children with clinically symptomatic cardiomyopa­

thy usually undergo cardiac catheterization with en­
domyocardial biopsy. The 90 centers reported 1075 
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cardiac catheterizations for cardiomyopathy in the 
preceding year, excluding post-transplants, suggesting 
that 24% of children become clinically symptomatic 
during the first year after diagnosis of cardiomyopa­
thy. Cardiac catheterizations for cardiomyopathy in 
children represented 5% of all catheterizations at 
these centers. Cardiac transplantation, indicating a 
failure of medical management, was done for 20% of 
infants and children with symptomatic cardiomyopa­
thy during the first year after presentation. Two hun­
dred eighteen infants and children (20%) died of 
symptomatic cardiomyopathy in the preceding year at 
these 90 centers. Together, this suggests that up to 
40% (430j1075) of infants and children with sympto­
matic cardiomyopathy will fail medical or surgical 
management in the first year following diagnosis. 

4. 7. What may be intuitive may not be correct 

Another prospective study we performed looked at 
the development of abnormal left ventricular struc­
ture or function in children receiving antiretroviral 
therapy [7,40]. Based on data in animals and adult 
patients suggesting that cardiac abnormalities may 
develop in some HIV-infected patients treated with 
antiretroviral therapy, recommendations were made 
in children and adults that potentially life-saving an­
tiretroviral therapy be discontinued if ventricular dys­
function develops. When we studied this prospectively 
in a multicenter design over 10 years we found that 
unlike animal and adult studies there was no measur­
able effect of antiretroviral therapy on the my­
ocardium [40]. 

Another example of where an accepted therapy in 
adults to reduce the incidence of developing left 
ventricular dysfunction became the standard-of-care 
in many pediatric oncology treatment protocols with­
out demonstrating that the therapy resulted in car­
dioprotection in children was the use of 48 h continu­
ous infusion of anthracycline chemotherapy. We com­
pared continuous infusion therapy with previously 
conventional bolus anthracycline infusion over less 
than 1 h duration [104]. To our surprise, after com­
pleting a multicenter, prospective randomized blinded 
study over 5 years duration we concluded that 18 
months after the completion of anthracycline 
chemotherapy there was no difference in left ventric­
ular structure or function between the two groups and 
that both groups had significantly deteriorated since 
their initial cardiac assessment [104]. In addition, the 
continuous infusion cohort had substantially more 
hospitalization days and other complications [104]. 
This was unexpected based on adult studies, but was 
only found by performing a prospective study in chil­
dren. Knowing the results of this study enabled us to 
stop giving false hope to our patients with ALL and 

their families and allows us to investigate other car­
dioprotective strategies that may be of benefit. Again, 
what we have seen many times is that not everything 
that makes sense biologically, or is based on animal or 
adult studies, has been useful in the treatment of 
children. 

4.8. Reliability of multicenter pediatric cardiology data 

There is a need to know how good your tests are. 
We determined that locally measured echocardio­
graphic reliability is poor in pediatrics on multicenter 
studies [105]. There is a need for central remeasure­
ment. Clinical management of children with cardiac 
disease is frequently based on echocardiographic 
measurements of LV structure and function. In multi­
center pediatric studies of cardiac status associated 
with experimental treatments or disease processes, 
the determination of efficacy, toxicity, and course is 
frequently based on echocardiographic measurements 
of LV structure and function. Despite the clinical and 
research importance placed on pediatric echocardio­
graphic measurements, little has been published about 
the reliability of these measurements. 

This may have implications for the planning and 
conduct of research studies, and as well as for the 
management of individual patients. The importance 
of reliable and accurate LV measurements cannot be 
over-emphasized. For example, expert panel stan­
dards of cardiology practice have been used to recom­
mend withholding potentially lifesaving chemotherapy 
in asymptomatic children with cancer when fractional 
shortening drops below a specified value [10]. Present­
ing similar problems, are an increasing number of 
standard-of-care guidelines that differentiate accept­
able from unacceptable care in some settings based 
on a one percentage point difference in LV function. 
However, our data show that despite attempts to 
standardize echocardiographic techniques, the de­
termination of fractional shortening from the same 
tracing varies considerably among centers [105]. 

Our study would suggest that these precautions are 
very important when a single echocardiographic mea­
surement, but not longitudinal changes in z-scores in 
the same child where any systematic bias in the same 
child would be subtracted out, are to be used in 
clinical care [105]. Also, comparing a study sample's 
data with a data set generated by other researchers 
may lead to inappropriate normative data for multi­
center clinical studies and could result in misleading 
group averages. 

Our study showed that echocardiographic measures 
of LV structure and function calculated locally are 
subject to heterogeneity in data acquision and assess­
ment [105]. Measurements differed so much that a 
central echocardiographic facility is needed to provide 
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consistent and reliable data for research studies, and 
repeat measurements on individual children are re­
commended to provide clinically meaningful results. 
To improve inter-institutional agreement, we recom­
mend standardizing how images are acquired and 
read. Though core laboratories increase the labor and 
expense of clinical trials, they provide more consistent 
and probably accurate analysis than do local measure­
ments. Future pediatric clinical trials should arrange 
for independent evaluations of echocardiographic 
data. 

4.9. Animal models of pediatric ventricular dysfunction 

Animal models of pediatric ventricular dysfunction 
can often augment and expedite controlled clinical 
trials. For example, the rat model we have used to 
assess biomarkers for the detection of anthracycline 
cardiotoxicity enabled us to determine histologic my­
ocardial status in ways not possible in children 
[20,26,28,36,76-84]. The rat model has allowed us to 
rapidly test the effectiveness of different anthracy­
cline cardioprotective strategies since we are only 
able to perform one controlled clinical trial to test an 
anthracycline cardioprotection strategy in children 
approximately every 5 years due to accrual and fol­
low-up issues. An animal model has been very helpful 
for us to identify the most promising strategy to bring 
to a human clinical trial. 

However, it becomes very important to realize that 
all findings in animal studies are not directly translat­
able to children. For example, the newborns of preg­
nant monkeys treated with zidovudine exhibit pro­
found myocardiocyte damage. This resulted in the 
suggestion that pregnant HIV-infected women should 
not receive zidovudine to substantially reduce HIV 
transmission from mother to child. In contrast to the 
monkey model, when we examined zidovudine car­
diotoxicity in infants and children we were unable to 
demonstrate adverse effects [ 40]. In this case, human 
studies are likely to have resulted in many saved lives 
of uninfected children born to HIV-infected mothers 
who received zidovudine and who otherwise would 
have died of HIV infection. 

5. How to achieve clinical research goals in pediatric 
ventricular dysfunction 

5.1. Advocacy, representation and participation 

Out of frustration with the current voice pediatric 
cardiology has, a call for an organization devoted 
entirely to the field of pediatric cardiology has been 
recommended to provide a 'legitimate body' that can 
speak out on behalf of pediatric cardiologists [106]. 

The stated goals would be to create a platform for 
scientific discussions, propagate knowledge and stan­
dards of care, as well as advocate for the advance­
ment of patient care and the professional goals of the 
medical profession of this field. 

Examples of where increased organizational efforts 
on this field may lead to more attention to the clinical 
and research needs of children with heart disease are 
abundant. One example is, on 17 October 2000 the 
President signed into law the Children's Health Act 
of 2000 with > $50 million in FY 2001 earmarked to 
it. This is a package of provisions related to children's 
health that promotes additional research on disease 
and disabilities specific to children, among other top­
ics. Research in many important areas are included 
such as muscular dystrophy, lead poisoning, infant 
mortality, traumatic brain injury, autism, fragile X, 
juvenile arthritis, juvenile diabetes, asthma, hearing 
loss, childhood cancer, and epilepsy. No mention of 
pediatric cardiovascular diseases is part of this major 
federal legislation for children's health. 

As another example, NHLBI has had no pediatric 
cardiology representation on SPARK, Strategic Plan, 
Epidemiology Task Force, Heart Failure Task Force, 
Genetics Task Force, Dilated Cardiomyopathy Task 
Force, Heart Failure Special Emphasis Panel, and 
very little representation on any NHLBI Study Sec­
tion listed on the NHLBI web site during the past 
year, yet this is the major research funding organiza­
tion for the field of pediatric cardiology in the US. Of 
the 58 members of the SPARK Working Group, a 
select group of accomplished scientists convened to 
assist the NHLBI by identifying research areas that 
constitute extraordinary opportunities and that would 
merit substantial increases in resource investment, 
assembled in May 1998 to formulate a strategic plan 
for the NHLBI funding the years FY2001-2005 not a 
single pediatric cardiologist was included. 

In spite of this, largely through the efforts of NHLBI 
internal program staff, an important 2001 initiative 
was included. This initiative is to 'Investigate diagnos­
tic and therapeutic approaches for congenital and 
acquired pediatric cardiovascular conditions from fe­
tal life into adulthood. Approximately 32000 infants 
are born each year with congenital cardiovascular 
malformations, one of the leading causes of infant 
mortality. In addition, acquired pediatric cardiovascu­
lar conditions, including arrhythmias, inflammatory 
conditions, cardiomyopathies, hypertension, and hy­
perlipidemia affect several million children and 
adolescents. Treatment of congenital and acquired 
pediatric cardiovascular disease involves drug and sur­
gical therapies. Yet, most standard therapeutic drugs 
have not been tested in randomized controlled trials 
in children. Surgical correction has side effects in 
children about which much is still unclear. Important 
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clinical questions remain unanswered. Most treat­
ment decisions concerning pediatric heart disease are 
not evidence-based. In the past 25 years, fewer than 
40 randomized clinical trials have been conducted, of 
which nearly half dealt with patent ductus arteriosus 
in preterm infants. The medical, emotional, social and 
economic consequences of pediatric heart disease are 
profound. Medical therapy is employed widely to treat 
pediatric heart disease. Few standard therapy agents, 
however, have been tested in randomized trials in 
pediatrics. Agents of choice used in the treatment of 
adult heart failure are used in children, but have not 
been studied in a systematic fashion. Emerging adult 
therapies may benefit children but are virtually 
untested in them despite their requirement by FDA 
regulations. A pediatric myocarditis agent has never 
been evaluated in a prospective randomized trial. A 
collaborative network of up to six clinical research 
centers and a data coordinating center will evaluate 
standard and new diagnostic and therapeutic strate­
gies in pediatric cardiovascular medicine. The net­
work approach can also promote training of investiga­
tors in pediatric clinical research and provide a way to 
ensure rapid dissemination of research findings ... The 
major barriers to clinical studies in pediatric heart 
disease include the heterogeneity of conditions, the 
small numbers of individuals with a particular malfor­
mation or condition at any one center, differences in 
treatment approaches to particular problems, the 
absence of systematic centralized databases, and the 
lack of resources to provide national coordination of 
collaborative efforts. Efficiencies will be achieved 
through a common infrastructure for recruiting, mon­
itoring, and following patients whose conditions will 
be characterized in a standard fashion' [107]. This is 
an extremely important landmark advance for pedi­
atric cardiology. Hopefully some of the selected pro­
tocols will apply to pediatric ventricular dysfunction. 

5.2. Prevention of ventricular dysfunction has to start in 
childhood 

As illustrated in Fig. 1, we should not wait until 
symptomatic LV function is present to initiate pre­
ventive strategies. The studies of Barker and col­
leagues have demonstrated retrospectively that ante­
natal events influence morbidity and mortality in adult 
life (e.g. coronary heart disease and hypertension). 
The definition of preventive cardiology is too narrow 
and should include reducing the subsequent risk of 
developing symptomatic myocardial disease. 

For more than 2000 years, cardiac failure has been 
recognized as a clinical entity, but within the past 15 
years it has been identified as a major public health 
concern [108]. Thus, the national hospital discharge 

service estimated that 4.8 million US adults have 
heart failure and that nearly 500 000 US adults de­
velop it each year, making this condition the leading 
diagnosis for hospitalization of persons older than 
65-years-old. The healthcare expenditure for heart 
failure in the US in 1993 was $17.5 billion, which 
amounts to 11% of the total budget for cardiovascular 
disease in 1997. Approximately 60% of the healthcare 
expenditure for heart failure is for hospital care. 
Heart failure accounts for more than 3 000 000 office 
visits annually at a cost of $3 billion yearly for out-of­
hospital care. Heart failure is a common chronic 
condition that impairs quality of life and results in 
loss of independence. 

Kannel has reviewed the prospects for prevention 
of heart failure in adults that is noted below [108]. 
Fig. 1 demonstrates how these preventive strategies 
may be helpful in children at-risk of, or with, ventricu­
lar dysfunction. 'The epidemiology and the vital and 
health statistics concerning heart failure indicate that 
is a major burden on victims, their families, and the 
health care system. Evidence indicates that treatment 
of the overt condition continues to be inadequate 
because of an unacceptably poor survival rate. Those 
who may have this condition must be detected and 
treated while the process is still evolving. Treatment 
of presymptomatic left ventricular dysfunction, cor­
rection of the dysfunctional maladaptive changes of 
vasoconstriction, increased afterload, and salt and wa­
ter retention; and timely myocardial revascularization 
and valve surgery hold great promise for high-risk 
heart failure candidates. In addition to the proven 
efficacy of ACE inhibitors, recent growing evidence 
indicates that beta-blockade can reverse and slow the 
progression of left ventricular dilatation that charac­
terizes heart failure and reduces all-cause mortality in 
patients with overt heart failure. 

From a population perspective the most cost-effec­
tive approach to the problem is to correct the modi­
fiable risk factors as early as possible. The high popu­
lation-attributable risks imposed by hypertension, dia­
betes, and coronary disease indicate the priority ar­
eas. Detection and control of hypertension and coro­
nary disease have proven efficacy, but these measures 
are not being fully implemented. Only 45% of hyper­
tensive persons have their blood pressure optimally 
controlled, and ACE inhibitors, beta-blockers, lipid­
correcting therapies, and thrombolytic therapies are 
far from optimally employed. Major hypertension tri­
als indicate clearly that treating hypertension reduces 
the risk of heart failure, and a recent meta-analysis 
indicates that antihypertensive treatment in the el­
derly can reduce heart failure incidence by 47%, an 
estimate close to the population-attributable risk esti­
mated by the Framingham study. Although clinical 
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trials indicate that medical interventions can improve 
survival in overt heart failure, survival is still poor' 
[108]. 

Despite recent innovations in the treatment of pre­
disposing conditions for heart failure, the condition 
remains highly prevalent and lethal once established 
in adult patients. Improvements in the treatment of 
clinically overt heart failure - the end stage of 
uncontrolled hypertension, myocardial ischemia, and 
valvular disease - have made only a small improve­
ment in the poor survival in patients with this diagno­
sis. Therapy introduced at this late stage appears 
unlikely to substantially prolong life. Preventive mea­
sures must be taken before ventricular dysfunction 
becomes symptomatic and before maladaptive com­
pensatory phenomena ensue. Clues to the methods 
needed to detect persons vulnerable to heart failure 
and prevent the progression of conditions predispos­
ing to myocardial decompensation are emerging from 
recent epidemiologic research. 

The goals of preventive strategies for pediatric ven­
tricular dysfunction are: (1) to reduce the incidence of 
pediatric ventricular dysfunction; (2) to continue ba­
sic, clinical and population research into causes of 
pediatric ventricular dysfunction for interventions; (3) 
to increase risk factor reduction; (4) to establish 
data-based interventions; (5) to extend risk reduction 
to entire populations even though this may be less 
intensive to individual patients; and (6) to develop 
systems to monitor surveillance nationally through 
partnerships and collaborations. 

5.3. Network infrastructure 

Pediatric oncology is a notable exception to many 
areas of pediatrics in that high-quality clinical trials 
(multicenter randomized) are regularly performed 
[109-114]. Also, some successes have occurred in 
perinatal medicine where the NICHD Neonatal Re­
search Network was established in 1986 to conduct 
multi-center clinical trials in neonatal medicine and 
management that is funded by a cooperative agree­
ment between 14 clinical centers, the data coordinat­
ing center, and the NICHD. The neonatal research 
network has included therapies for sepsis, intracranial 
hemorrhage, chronic lung disease, and pulmonary hy­
pertension. In addition, the Network has imple­
mented a standardized follow-up program of ex­
tremely low birthweight infants and supports a registry 
of infants less than 1500 g at birth with > 29 000 
enrolled babies. Four of the Network centers also 
support a Maternal Lifestyle Study that investigates 
the effect of prenatal maternal drug abuse on neona­
tal and long-term outcomes. The NHLBI has recently 
established a pediatric asthma clinical network and a 

thalassemia clinical research network. In identifying 
the reasons for the relatively low standard of research 
in children, it is instructive to examine areas where 
there has been more success, to try and establish 
where certain difficulties may not exist or may have 
more easily been overcome. 

Acute lymphoblastic leukemia (ALL) is rare, occur­
ring in 1 in 2000, but the success achieved over the 
past 30 years in improving survival in ALL has been 
attributed largely to evaluation of therapy by multi­
center trials [109-114]. Over the past 30 years, 5 year 
event-free survival for high risk ALL has improved 
from approximately 10% to nearly 90% due to multi­
center clinical trials. The small field of pediatric on­
cology agreed over the past three decades to voluntar­
ily regulate themselves and provide experimental 
procedures only to patients who participate in valid 
research. The availability of a pool of test subjects 
assures that new ideas for treatments are rapidly 
tested, allowing them to be adopted nationwide if 
they work, or tossed aside if they prove useless. As a 
result, the advances in this field have been phenome­
nal, far outpacing anything seen in adult medicine. In 
adult oncology for example a giant leap from develop­
mental therapeutics and early underpowered clinical 
trials to community-wide applications of high-dose 
therapy for breast cancer circumvented essential sci­
entific scrutiny and the well-intentioned but prema­
ture enthusiasm of patients and advocates was used at 
a time when physicians knew the therapy was toxic, 
expensive, and experimental [115]. For controlled clin­
ical trials to succeed they must be designed to define 
the most effective, least morbid, andjor least expen­
sive treatment. The payers must be brought initially 
into the process to fund the appropriate trials rather 
than be forced to pay for unproven, perhaps well-in­
tentioned, treatments. The scientific importance of 
'approved clinical trials' must be accepted by patients, 
physicians, and the payers. It must be agreed that the 
new treatments are unproven and therefore must be a 
subject for clinical investigation. Patients who are on 
such approved trials may get better care and closer 
observation; they should be reassured that they are 
not receiving a known inferior control therapy. 
Whether they are the beneficiaries of the experimen­
tal therapy is the goal of the trial. If the process can 
be efficiently undertaken, then resources will be saved. 
Knowledge, negative or positive, will be accumulated 
in a timely fashion. Ultimately the patient would be 
the beneficiary of the progress and not the victim of 
unproven innovation. This gives further importance to 
the role of intergroup participation to maximize 
patient accrual. Small or statistically minute differ­
ences in the continuous follow-up may be encoun­
tered. There have been few studies comparing the 

Ex. 2007-0456



22 S.E. Lipshultz j Progress in Pediatric Cardiology 12 (2000) J-28 

costs of a clinical trial that defines the correct ap­
proach to a particular disease with the consequence 
of widespread use of an unproven treatment [115]. 

Advances in childhood cancer therapies have been 
dramatically aided by the willingness (even eagerness) 
of parents, children, physicians, nurses, and other 
health care workers to enroll patients on research 
studies that attempt to advance knowledge in the 
field. This degree of cooperation and collaboration 
among various groups has led to studies that have 
shown that participation in clinical trials leads to 
better therapy outcomes than those treated off-pro­
tocol using 'the doctor knows what's best' therapy 
[113]. This has resulted in third party payers reimburs­
ing children on oncology protocols and in some cases 
not reimbursing those being treated off-protocol. A 
recent study of adult cancer patients treated at the 
Kaiser Permanente health maintenance organization 
demonstrated that participation in cancer clinical tri­
als did not result in substantial increases in the direct 
costs of medical care [116]. Other costs that were not 
taken into account include recruiting patients, assur­
ing that treatment protocols are followed, collecting 
and managing data, and supporting the infrastructure 
for research. Other benefits to HMOs for participat­
ing in clinical trials are enhanced appeal of an HMO 
to patients and physicians and earlier adoption of new 
treatments. 

Over the past 16 years I have been fortunate to 
work closely with two oncology groups, the large 
( > 100 clinical sites) Pediatric Oncology Group (now 
merged to form the even larger Children's Oncology 
Group) and the smaller (10 clinical sites) Dana Far­
ber Childhood Leukemia Group. I have observed 
different strengths of large and small multicenter 
clinical trials groups. Large groups are able to enroll 
more patients with quicker accrual and obtain an­
swers sooner, there is often more missing data and 
less complex protocols, and there is longer protocol 
development periods to obtain consensus. However, 
effective therapies more rapidly become standard of 
care when tested on large group protocols. The smaller 
groups can perform more complex testing with better 
quality control and with more frequent testing. Effec­
tive therapy on smaller group studies frequently be­
comes the pilot data for larger group studies. 

I have similarly been involved with the care of 
HIV-infected children during the past 16 years and 
have been impressed with the major therapeutic ad­
vances that have resulted from the NIH sponsored 
Pediatric AIDS Clinical Trials Group (ACTG). For 
example, the ACTG protocol 076 demonstrated that 
transmission from mother to infant could be virtually 
eliminated by maternal zidovudine use during preg­
nancy, an amazing result that created life from death. 

The value of cooperative group participation in pedi­
atric AIDS speaks for itself. 

5.4. Database derived clinical research 

Databases derived from clinical trials or registries 
contain more detailed clinical information than 
administrative databases but have a selection bias 
that limit their usefulness in providing a true reflec­
tion of ventricular dysfunction across the population. 
Administrative databases can provide uniform infor­
mation across a broad population over a long time 
frame and can track the onset of heart failure within 
a population [117]. 

5.5. Registly deriued data 

Large prospective studies of pediatric cardiomyopa­
thy have not been previously conducted in North 
America, resulting in little population-based data. The 
NHLBI-sponsored Pediatric Cardiomyopathy Registry 
was established to: (1) describe epidemiology and 
clinical course of cardiomyopathy in patients :::::; 18 
years; and (2) to promote the development of eti­
ology-specific treatments [54]. A large database of 
sociodemographic and clinical information on chil­
dren with pediatric cardiomyopathy has been es­
tablished through the cooperative efforts of cardi­
ology centers in North America, allowing precise esti­
mates of the incidence of pediatric cardiomyopathy 
and a better understanding of the natural history of 
this disease [98,99]. 

5.6. Clinical practice guidelines 

Practice guidelines have emerged in recent years as 
an important means of translating the results of clini­
cal trials into specific recommendations for the treat­
ment of patients [118-121]. Such guidelines describe 
the indications for use of medications and the optimal 
approach to the management of specific clinical prob­
lems. Guidelines help to limit inappropriate care, 
decrease the magnitude of geographic variations in 
practice patterns, and enhance the effective use of 
healthcare resources. In addition, guidelines are an 
invaluable tool for quality assurance and can assist in 
the development of coherent plans for inpatient and 
outpatient treatment. Advances in medicine occur so 
rapidly that practice guidelines may be out of date 
shortly after they are issued. Thus, there is a continu­
ing need to update existing recommendations so that 
recent advances in therapy can be brought to the 
attention of physicians in a timely fashion. Currently 
practice guidelines cannot be developed for the phar­
macologic management of pediatric patients with 
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chronic heart failure due to left ventricular systolic 
dysfunction, the use of surgical approaches or devices 
or the management of acute heart failure or of heart 
failure associated with preserved left ventricular sys­
tolic function due to the fact that there are virtually 
no well-controlled studies on the effect of therapy on 
outcomes in these patients. Practice guidelines are 
very popular in pediatric cardiology and are useful 
but potentially dangerous. Guidelines may codify and 
make rigid algorithmic approaches to the treatment 
of patients and thereby reduce or even eliminate good 
clinical judgement or inhibit research [10]. Guidelines 
can take on a power of their own and have medicole­
gal ramifications when not followed even if they are 
based on weak or no data [10]. In adult patients with 
myocardial infarction critical pathways in hospitals 
did not have increased use of proven medical thera­
pies, shorter lengths of stay, or reductions in mortality 
compared with other hospitals that commonly used 
alternative approaches to quality improvement [122]. 
A recent survey of general pediatricians found that 
most use practice guidelines, but no specific guide­
lines, except those for asthma, are used by > 27% of 
pediatricians [118]. The results of this survey sug­
gested that practice guidelines are most likely to be 
followed if they are simple (practical and feasible), 
flexible to allow for clinical judgement, rigorously 
tested and shown to improve outcome, not used puni­
tively, and are motivated by desires to improve qual­
ity, not reduce costs. 

Guidelines are not performance measures. Guide­
lines are written to suggest diagnostic or therapeutic 
interventions for most patients in most circumstances. 
Performance measures are standards of care that 
imply that physicians are in error if they do not care 
for patients according to these standards. Perfor­
mance measures define how to practically identify 
those patients for whom a specific action should be 
taken. 

For adult patients with heart failure four structural 
measures were recommended as quality indicators 
[123]. These include: (1) clear, evidence-based guide­
lines for the care of patients with heart failure; (2) a 
mechanism to systematically monitor patient care and 
outcomes; (3) providers should recognize that many 
require different levels of care and there must be an 
organizational structure to move patients to the ap­
propriate level of care; and (4) patients would benefit 
by having specific programs to address the end-of-life 
needs of many patients with heart failure. 

Four process measures were also recommended as 
quality measures for adult patients with congestive 
heart failure [123] including: (1) the medical record 
should document left ventricular systolic function; (2) 
patients with heart failure, LV systolic dysfunction, 
and no contraindications to ACE inhibitors should be 

prescribed ACE inhibitors; (3) patients hospitalized 
with heart failure and LV systolic dysfunction should 
be treated with digoxin; and (4) patients with NYHA 
class II and III heart failure, LV systolic dysfunction, 
and no contraindication to beta-blockers should be 
prescribed beta-blockers. Similar measures cannot be 
developed for pediatric heart failure at this time due 
to lack of data. 

6. Summary 

Heart-muscle disease is an area of pediatric cardi­
ology where we are often unable to help patients with 
either knowledge or action. These are rare patients, 
the number of institutions studying them well is small, 
and among those studied, the great majority have 
non-specific findings. Thus, to make progress, there is 
a need to pool case-study information among institu­
tions. Data sharing makes it possible for all users to 
profit quickly from knowledge, experience, insights, 
and hypotheses that may be gained from material 
from other institutions, even though it may be too 
scanty, unproved, or speculative for publication. 

At this point, a multidisciplinary approach is needed 
to study longitudinally the variety of pathogenic 
mechanisms in pediatric cardiomyopathy, as well as 
diagnostic, therapeutic, and preventive approaches. 
Given that this group of diseases is relatively rare, 
with a variety of suggested etiologies and new possi­
bilities for diagnosis and treatment, we have felt that 
the best way to change the past piecemeal approach 
to a more constructive one is by a cooperative effort. 
It is for this reason that we helped established a 
national registry for pediatric cardiomyopathy [54]. 

The available literature on pediatric cardiomyopa­
thy lacks good data on incidence and prevalence, 
survival, and prognostic factors, largely because of 
variable selection criteria and case definitions, small 
numbers, inclusion or exclusion of myocarditis, 
whether clinically asymptomatic cases are included, 
and the methods used. These inconsistencies mean 
that little of the natural history (especially survival 
and prognosis) is really known. The collection of large 
numbers of cases in the registry can help identify 
specific rare defects. The Pediatric Cardiomyopathy 
Registry provides a clearer understanding of the rela­
tionship between myocarditis and DCM and may help 
determine whether cases of cardiomyopathy in adults 
may have originated as myocarditis in childhood. The 
Pediatric Cardiomyopathy Registry has the potential 
of making a large impact on establishing various 
etiologies of pediatric cardiomyopathy. Molecular bi­
ology has brought new understanding of HCM; simi­
lar advances should be forthcoming for other types of 
cardiomyopathy. Eventually, molecular insight into 
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the multiple causes of cardiomyopathy will facilitate 
the diagnosis of these conditions. In the absence of 
molecular biological testing, there is likely to be seri­
ous underestimating of the impact of cardiomyopathy. 
Distinguishing between some of the types of car­
diomyopathy and other cardiac problems is a major 
diagnostic challenge. Because the human body is al­
most always host to viral infections, it is likely that 
subclinical viral cardiovascular involvement is com­
mon and not limited to histologically documented 
myocarditis associated with congestive heart failure. 
As most past research concentrates on symptomatic 
myocarditis, the best characterized type of viral heart 
disease, we are left with the frustration that our level 
of understanding of this field is still quite limited. 

The literature illustrates how poor our existing 
knowledge is of the clinical epidemiology of viral 
heart involvement. One can only settle for clinically 
overt heart disease. Viral heart involvement is often 
incorrectly captured, owing to difficulties in definition 
and diagnosis, precluding a good understanding of the 
spectrum and course of viral heart disease. Classic 
histologic, serologic, and culture techniques for de­
fining viral heart disease have problems with sensitiv­
ity, specificity, and positive and negative predictive 
values. The histologic diagnosis of myocarditis also 
has many pitfalls. The limited availability of premor­
bid tissue for diagnostic purposes further hampers our 
understanding. Unfortunately, newer techniques such 
as in situ hybridization and PCR may also have prob­
lems with sensitivity and specificity [124]. At this time, 
the isolated finding of a positive PCR for a specific 
viral probe may not reliably indicate active viral car­
diac involvement. In the absence of an understanding 
as to what constitutes viral cardiac involvement, it is 
impossible to understand the clinical epidemiology of 
viral heart involvement and the response to therapy. 
Thus, whether a continuum exists from viral my­
ocarditis to DCM remains unanswerable. More than 
90% of HIV-infected children have echocardio­
graphic abnormalities, yet chronic congestive heart 
failure occurs in 10%, transient congestive heart fail­
ure in another 10%, and cardiac arrest or sudden 
death in 10% [4,8]. One-third of HIV-infected chil­
dren who have died did so in the setting of severe 
ventricular dysfunction [8]. Therefore, just relying on 
symptomatic heart disease to capture cardiomyopathy 
underestimates the impact of this problem. The 
registry provides the opportunity to capture asympto­
matic cardiomyopathy [54]. 

This registry should help establish the usefulness of 
endomyocardial biopsy in diagnosing pediatric car­
diomyopathy and in determining the course and prog­
nosis of the various types of pediatric cardiomyopa­
thy. It should also allow assessment of newer, less 
invasive diagnostic imaging techniques to determine 

whether the diagnosis of specific types of cardiomy­
opathy can be made without the need for biopsy. The 
registry should facilitate treatment trials of immuno­
suppression and immunomodulation for cardiomyopa­
thy, as well as other therapies. The registry could 
identify cases for inclusion in trials. 

The proposed Pediatric Heart Disease Clinical Re­
search Network [107] is a very exciting development in 
this field that offers a tremendous opportunity to 
rigorously investigate important clinical questions in 
pediatric cardiology at a limited number of centers. 
Hopefully, some of the clinical studies of this network 
will focus on issues related to pediatric ventricular 
dysfunction. Future planning should focus on expand­
ing this network to more completely allow the partici­
pation of more pediatric cardiology providers in the 
US. The tremendous successes in pediatric oncology 
and pediatric HIV are benchmarks that such efforts 
are invaluable in improving outcomes for affected 
children and their families. 

The articles in these two issues of Progress in Pedi­
atric Cardiology on pediatric heart failure demonstrate 
how much has been learned to allow us to conclude 
that the pathophysiology, pharmacology, etiologies, 
and clinical course of pediatric heart failure differs 
from adults with heart failure in many ways. The 
pediatric literature reviewed in these issues has been 
largely observational studies that support the next 
steps to embark on multicenter controlled clinical 
trials, natural history studies, and translational studies 
to advance this field further. 

It is extremely difficult to accept children failing 
medical management for ventricular dysfunction in 
the year 2000 and to be able to say to their families 
that we have done everything possible when, in fact, 
there have been virtually no controlled clinical trials 
that have been performed in this area. For the good 
of our patients, for our personal integrity, and for the 
future of our subspeciality, the time for active multi­
center clinical research in pediatric ventricular dys­
function is now. 
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Abstract Inhaled nitric oxide (iNO) 
was frrst used in neonatal practice in 
1992 and has subsequently been used 
extensively in the management of 
neonates and children with car­
diorespiratory failure. This paper as­
sesses evidence for the use of iNO in 
this population as presented to a 
consensus meeting jointly organised 
by the European Society of Paediatric 
and Neonatal Intensive Care, the 
European Society of Paediatric Re­
search and the European Society of 
Neonatology. Consensus Guidelines 
on the Use of i~O in Neonates and 
Children were produced following 
discussion of the evidence at the 
consensus meeting. 
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Introduction 

Inhaled nitric oxide (iNO) has been used in Europe to 
treat a variety of conditions in neonates and children since 
1992, foremost in persistent pulmonary hypertension of 
the newborn (PPHN), which has remained a major 
therapeutic challenge in the NICU [1, 2]. lntr·oduction 
of iNO into clinical use was virtually unregulated in 
Europe, where supplies of industrially produced gas were 
freely available. Subsequently clinical trials have estab­
lished roles for iNO therapy in the treatment of tem1 
neonates with severe respiratory failure and a phanna­
ceutical quality product has recently become available in 
Europe and the United States. The high cost of the 
licensed product, compared to previous industrial sup­
plies, and the narrow scope of the drug's licensed 
indications suggested to our group that a consensus 
should be established on the use of iNO therapy in 
neonates and children covering both its approved and 
potential indications. 

Methods 

An Advisory Board was established under the auspices of the 
European Society of Neonatal and Paediatric Intensive Care to co­
ordinate the scientific programme of the meeting. The board 
consisted of experts with proven scientific or clinical expertise 
relevant to the clinical use of iNO. The hoard identified a further 
panel of experts who were invited to act as section leaders whose 
role was to review the literature in their designated subject area. 
Section leaders were asked to produce written summaries of their 
subject area, which were then circulated to delegates prior to the 
meeting and which formed the bao;is of the evidence presented to 
delegates at the consensus meeting itself. 

A further panel of opinion leaders were invited to attend the 
meetin!! on the basis of their known interest in the use of iNO or 
their st;tus as opinion leaders in the field of neonatal and paediatric 
intensive care. The European Society of Paediatric Research and 
the European Society of Neonatology were officially represented at 
the meeting. At the consensus meeting each subject area was 
presented in summary by the section leader(s), following which 
open discussion led to the composition of draft consensus 
statements. These were then edited and re-presented to delegates 
with further discussion leading to final agreement on the individual 
consensus statements. 

Results 

Inhaled nitric oxide in term and near-tenn neonates 

Neonatal hypoxaemia may result from intra-pulmonary 
shunting, from e:rtra-pulmonary shunting (so-called 
PPHN) or from cyanotic congenital heart disease. The 
presence of interstitial pulmonary infiltrates or a low 
volume lung (<6-7 ribs) on chest X-ray strongly suggests 
parenchymal lung disease. Alveolar recruitment has been 
shown to render babies with severe hypoxaemic respira­
tory failure responsive to iNO, when they were previously 
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unresponsive [2]. Exogenous surfactant and ventilatory 
manoeuvres [3] should therefore be deployed to optimise 
lung volume before iNO is introduced. lf cyanosis persists 
after any necessary lung recruitment manoeuvres have 
been applied, an echocardiogram should he obtained to 
confirm or exclude tl1e presence of congenital heart 
disease or pulmonary hypertension as causes of cyanosis. 
Inhaled NO is most likely to benefit babies with PPHN 
with recruited lung volume and is unlikely to benefit 
babies with cyanotic heart disease. 

The recent Cochrane Review was used as a framework 
in this discussion [4]. The review, last updated in 
December 2000, included 12 relevant trials in its analysis, 
all of which used random allocation [5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15]. One further on-going study received 
limited analysis since, at the time of review, it was on­
going and published only as an abstract [16]. A literature 
search up to October 2003 failed to reveal any new 
randomised, controlled trials not already included in the 
Cochrane review. 

The limitations of the studies presented within the 
Cochrane review were highlighted. Of major importance, 
the entry criteria differed markedly between trials as did 
dosage and ventilatory strategies, there being a suggestion 
that high frequency oscillatory ventilation (HFOV) 
appears beneficial in achieving a response to iNO [10}. 
Eight of the 12 clinical t1ials studied the effect of iNO on 
the overall clinical course of the babies included and, in 
particular, whether the need for extracorporeal membrane 
oxygenation (ECMO) was reduced. Only six ttials did not 
allow crossover l6, 7, 8, 11, 12, 13]. Of the six studies 
which did not allow crossover, three [6, 11, 12] found a 
statistically significant reduction in the combined out­
come of death or requirement for ECMO in the NO group. 
A meta-analysis of all six studies found that iNO 
treatment resulted in a reduction in the incidence of 
death or requirement for ECMO (relative risk 0.65) [41. 

Inhaled nitric oxide therefore appears to improve 
outcome in hypoxaemic tem1 and near-tem1 infants. The 
improvement is due mainly to a reduction in the need for 
ECMO, since mortality was not reduced. The two largest 
studies [6, 11] included infants with congenital diaphrag­
matic hemia as sub-groups. A separate analysis has been 
presented from one of these studies [17]. There was no 
evidence that outcome was improved in these babies 
through t11e use of iNO, even if short-term improvements 
in oxygenation did occur. It is important to note that 
whilst iNO reduced the need for ECMO, the majority of 
mature babies in these studies went on to ECMO. 

Only one study has considered long-term follow-up as 
a p1imary or secondary hypothesis. In this study, the 
incidence of disability, the incidence of deafness and 
infant development scores were all similar between tested 
survivors who received NO and those who did not [18j. 

The major randomised, controlled trials of iNO in tem1 
or near-tem1 babies have used echocardiography to 
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exclude congenital heart disease as a cause of hypox­
aemia prior to exposure to iNO. Babies with such lesions 
are at best unlikely to benefit from iNO, as cyanosis is due 
to extra-pulmonary shunting. Inhaled NO exposure may 
even be harmful in some babies with congenital heart 
disease, such as those with obstmcted total anomalous 
pulmonary venous drainage or severe left ventricular 
dysfunction with right-to-left ductal shunting [19], in 
whom pulmonary arteriolar vasoconstriction may be 
clinically beneficial by reducing left heart filling. 

Dosage and response to inhaled nitric oxide treatment 
in term and near-tenn neonates 

Decisions regarding continued usc of iNO therapy cannot 
be based on the primary end points used in the pivotal 
studies, such as reduced mortality or 'avoidance' of 
ECMO. Instead clinicians must use smTogate physiolog­
ical end points in order to establish whether an initial test 
exposure to iNO is effective. Improvement in oxygen­
ation of approximately 20% over baseline values at 30-
60 min has been used in many studies as an indicator of 
early response to iNO including six of the studies in the 
Cochrane review [5, 6, 7, 9, 11, 12]. 

Four published studies have repmted dose-response 
data for this group of babies [7, 20, 21, 22]. All four 
studies suggest that a maximal beneficial effect of iNO is 
already seen at concentrations of less than 30 ppm. 
Further increases of iNO (to 80-100 ppm) do not appear 
to result in further improvement of oxygenation above 
that achieved at 20-30 ppm. The large NINOS study [11] 
used initial doses of 20 ppm iNO, but exposed 'partial 
responders' to 80 ppm. Only 6% of these partial 
responders were converted to full response by 80 ppm 
iNO. 

In the small study published by Tworetzky et al. a 
maximum reduction of pulmonary artery pressure was 
observed at 20 ppm NO, whereas maximal improvement 
in oxygenation occurred at 5 ppm [23]. Response to the 
introduction of iNO usually occurs rapidly in 'respon­
ders'. Some investigators attribute clinical improvements 
seen several hours later to iNO administration [24]. 
However it was the expert group's view that there is a 
serious danger that babies with very severe hypoxaemia 
could be harmed if ECMO referral were to be delayed 
whilst waiting for a 'late' response. 

If no substantial effect has been achieved during a trial 
of iNO, treatment with iNO should be rapidly discontin­
ued or the baby transferred on iNO to a level 3 or tertiary 
neonatal unit. This should occur as soon as the clinician is 
convinced that iNO is not inducing a beneficial effect 
judged by improving oxygenation. The trial to improve 
oxygenation with NO should not last longer than 4 h. The 
reason not to prolong NO therapy unnecessarily is that 
NO synthase is down-regulated, with suppression of 

endogenous NO production. Down-regulation of endog­
enous NO synthase by the use of iNO has been suggested 
[25, 26, 27]. 

We were unable to identify studies establishing the 
optimal regime for maintenance of iNO therapy once an 
initial response has been established. It is, however, 
logical in clinical practice to seek to minimise iNO 
exposure by lowering the iNO dose, provided the 
beneficial effects on oxygenation and general clinical 
stability are maintained. This approach was described by 
Kinsella et al. [28] in the early stages of the clinical 
exploration of iNO therapy and further validated by Clark 
et al. [6]. 

Discontinuation and weaning 

Some information is available on strategies for weaning 
patients from iNO as clinical improvement occurs. ln a 
prospective study, Demirakca et al. evaluated the clinical 
response to iNO in neonates and children with acute 
respiratory distress syndrome (ARDS) f21]. Attempts to 
discontinue iNO were made as soon as a stable respiratory 
status (PEEP<6 cmH20, inspiration/expiration ratio of 
1 :2, Fi02 <0.8 and an iNO concentration of 5 ppm) had 
been achieved. Oxygenation index (OI) values of less 
than 5 predicted successful withdrawal with a sensitivity 
of 75%, a specificity of 89%, a positive predicted value of 
69% and a negative predictive value of 91% [21 ]. 

Aly et al. [29] adopted a weaning strategy for babies 
with PPHN which included step-wise 5 ppm decrements 
of iNO doses. Discontinuation of iNO was performed as 
soon as the patient was stable with an Fi02 less than 0.5. 
W earring was successful at the first attempt in 9 out of 16 
patients. In the remaining seven neonates, major signs of 
deterioration (oxygen saturation drop > 10% or below 
85%) prompted a reinstitution of iNO treatment for 
30 min. Subsequently, Fi02 was raised by 0.4 and a 
successful withdrawal of iNO ·was then obtained. Inter­
estingly, Fi02 could be retumcd to the pre-weaning value 
in a few hours. Sokol et al. [30] noted that significant 
deterioration of Pa02 occmTed in some babies even when 
weaned from 1 to 0 ppm, suggesting that iNO is 
physiologically active even at very low concentrations. 
There may be a role for other vasodilators such as 
epoprostenol, iloprost, endothelin antagonists or selective 
phosphodiesterase inl1ibitors [31] when weaning babies 
from iNO after treatment courses of sufficient duration to 
down-regulate NO synthase. 

Toxicity 

Nitric oxide reacts with oxygen to form nitrogen dioxide 
(N02) where the reaction rate is proportional to the square 
of the NO concentration and directly proportional to the 
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oxygen concentration_ Wl1ilst NO itself is a relatively 
reactive molecule, NO~ is demonstrably more reactive 
;md toxic and is a radical (it has <m unpaired electron). 
Due to the fact that NO is usually administered in 
combination with high inhaled oxygen concentrations and 
that N02 in animal experiments is damaging to the lungs 
already at low concentrations when administered with 
other oxidants, the main toxicological concem should be 
focused on N02 exposure and this should be kept to a 
minimum. In long-term exposru-e lung damage may occur 
at 0.5 ppm N02 and acute lethal effects are seen from 
100 ppm. Human subjects inhaling 2-3 ppm N02 for 5 h 
demonstrated reductions in antioxidant defences and an 
increase in alveolar permeability [321- Reactive species 
such as peroxynitrite formed from N02, as well as being 
implicated in short-term toxicity, have the potential to 
cause damage to DNA, raising the possibility of muta­
genic or carcinogenic effects. However, the concentra­
tions of iNO and NO~ to which patients are exposed 
clinically are largely within the permitted limits for 
occupational exposure [33]. There is as yet no evidence 
that inhalation of NO has any lasting adverse effects. 
Long-term follow-up of children exposed to iNO therapy 
will be required to establish any late adverse effect 

When NO reacts with haemoglobin, methaemoglobin 
(metHb) is formed. MetHb is not directly toxic, but is 
unable to cany oxygen. If metHb is allowed to accumu­
late it can significantly reduce the oxygen-carrying 
capacity of blood. The monitoring and management of 
metHb dwing clinical iNO therapy is discussed below. 

Inhalation of NO has been shown by some investiga­
tors [34], but not by others [35], to inhibit platelet 
function. The randomised controlled neonatal trials have, 
however, not shown any difference in bleeding compli­
cations between groups administered iNO or control gas 
[4]_ 

Delivery and monitming 

Nittic oxide administration systems should deliver con­
stant concentrations of iNO within the respiratory gas 
mixture independent of ventilator mode or settings, 
ensure a rapid mixing and minimise contact time between 
NO and oxygen, thereby reducing the possibility of 
generating high N02 levels [36, 37, 38]. The delivery 
system should display the pressure within the NO cylinder 
to permit timely cylinder changes to be undertaken 
without loss of gas supply. The system should ideally 
encompass a backup power supply for use in the event of 
mains failru-e or during intra-hospital transpmi. A m<mual 
back'llp or 'hand bagging' facility must be provided for 
use in the event of ventilator failure or other indications 
for hand ventilation, as sudden discontinuation of iNO 
therapy can be life-threatening [36, 37, 39]-
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The safest approach to iNO delivery is probably to use 
only pharmaceutical grade NO stored in cylinders and at 
concentrations and conditions approved by drug regula­
tory bodies and delivered by devices tested and approved 
according to the appropriate medical device legislation. 

In the clinical setting, measurement of iNO and N02 
concentrations can be undertaken using chemilumines­
cence or electrochemical devices. There are a number of 
practical disadvantages of chemiluminescence analysers 
in the clinical setting, including their high cost, their need 
for relatively high sample volumes, noise, their need for 
regular calibration and their relative inaccuracy in 
measuring N02 due to the "quenching" effect [37]. 
Electrochemical analysers use two separate fuel cell 
sensors for NO <md for N021 placed either in the gas 
mainstream or side stream of the ventilatory circuit 
Electrochemical devices do not underestimate N02 levels, 
are inexpensive, silent, easy to calibrate and require very 
low gas sample volumes. Most devices are pmtable. 
Electrochemical analysers are, however, relatively insen­
sitive (resolution 0.5 ppm) and their measurements may 
be affected by temperature, pressw-e, humidity and the 
presence of other gases in the environment l37]. Although 
many early studies of iNO delivery systems were 
constructed by investigators for their own sh1dies, a 
mm1ber of delivery and monitoring systems have been 
developed for clinical use and are commercially available 
[39, 40]_ 

Inhaled N02 concentrations should be kept to a 
minimum. Clinical and experimental evidence show that 
it is possible to administer 20 ppm iNO whilst generating 
N02 concentrations of less than 0.2 ppm [38]- Direct 
comparisons with tolerable environmental N02 concen­
trations should take into account that the mvake person 
inhaling N02 is exposed to at least 50% lower N02 
concentrations in their trachea due to efficient scavenging 
of N02 in the upper airways. 

Nitric oxide has been supplied for clinical use by a 
number of suppliers as a compressed gas diluted in a 
balance of nitrogen with final NO concentrations of 
between 100 and 1000 ppm. The gas is supplied in 
aluminium cylinders filled to pressures of 150-200 bar. 
Very concentrated preparations may be difficult to deliver 
accurately whilst mixtures with low NO concentrations 
can reduce Fi02 excessively [ 41]. The final choice of 
cylinder NO concentration will, therefore, depend on the 
characteristics of the delivery system in use and the 
required Fi02 and FiNO. The future availability of iNO as 
a pharmaceutical within Europe may encourage standard­
isation. 

Environmental safety 

The US National Institute for Occupational Safety and 
Health (NIOH) suggest a "Pennitted Exposure Limit" for 
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N02 of 5 ppm and NO 25 ppm over an 8-h period for 
these potentially toxic substances [33]. Several European 
countries have regulated maximal occupational exposure 
to 2 ppm N02. Extrapolating this to the TCU in which iNO 
would he administered for a 24-h period, it would be 
prudent to aim for environmental levels of N02 in the 
ICU below 1.5 ppm Environmental NO contamination 
can occur from two sources during iNO administration: 
dumped waste ventilator gas and accidental leakage of 
concentrated gas from a delivery system or cylinder. The 
US Food and Drug Administration state, in their speci­
fication for medical delivery of NO, that such delivery 
"does not individually or cumulatively have a significant 
effect on the human environment. Therefore, neither an 
environmental assessment nor an environmental impact 
statement is required" [42}. A similar ruling is applied by 
the UK National Health Service, which states that 
scavenging of waste NO is unnecessary provided that 
ventilation in the ICU meets required standards [43]. 
Several studies confirm that this advice is sound [ 44, 45). 
There must, however, be a small risk of high environ­
mental levels occUlTing from uncontrolled release of a 
large volume of concentrated gas from a cylinder in the 
event of a serious error or accident. For this reason, the 
consensus group suggest that it is reasonable to measure 
environmental levels of N02 continuously. 

Transport 

In 30-50% of babies given a trial of iNO the therapy does 
not result in a sustained positive oxygenation response 
[4]. Most babies who fail to respond to iNO are potential 
ECMO candidates. Since acute withdrawal of iNO may 
be associated with severe rebound hypoxaemia, even in 
babies who apparently respond poorly [46, 47], arrange­
ments must be in place for these babies to be transferred 
to an ECMO centre without interruption of iNO delivery. 
Occasionally non-neonates may require transport within 
or between hospital whilst receiving iNO. 

Apart from the ability to deliver iNO safely to the baby 
during transpmt, consideration must also be given to 
safety of the staff and crew within the transpmt vehicle, 
and compliance with any regulations governing such use. 
Kinsella et aL recently reported concentrations of NO and 
N02 in the cabin environment of various transpmt 
vehicles during iNO use and confirmed them to be 
negligible. Furthermore, they calculated the effects of 
uncontrolled release of a full US D-type NO cylinder 
containing 350 1 NO gas. In tllis " worst case scenario" 
envimnmental NO levels were unlikely to reach danger­
ous levels (maximum 40 ppm fixed wing aircraft, 34 ppm 
ground ambulance, 94 ppm small helicopter) r 48). 

The expert group recommend that equipment for 
delivery and monitoring of iNO during transpmt should 
comply with standards for medical devices and the safety 

and test requirements of the specific aircraft or other 
transport vehicle used. Several delivery systems have 
been used during transpmt and at least two portable 
systems arc commercially available, one of which 1s 

specifically designed as a transport system [48). 

Staff training 

Clinical use of iNO involves potential hazards for both 
staff and patients, mainly from the risk of exposure to 
toxic levels of NO and N02, but also issues such as safe 
handling of gas cylinders. The safe and appropriate use of 
medical equipment requires adequate preparation and 
training. Regulatory authorities frequently recommend 
standards for training in the use of medical equipment, 
typically stating that training should include both theo­
retical and practical instruction [ 49]. US guidelines for 
neonatal use reconm1end physician training [50] and some 
nursing authors have discussed the need for training [51). 
It has also been recommended that protocols or guidelines 
should be compiled by hospitals using iNO, covering all 
aspects of its use including responsibility for off-label 
prescription. Such protocols should aim to help staff 
deliver iNO therapy that is both safe and effective [521. 

Usc of inhaled nitric oxide in pretern1 neonates 

For the pmposes of this paper, 'preterm' neonates are 
defined as those babies too premature to be considered for 
ECMO should their condition require it, i.e. babies less 
than 34 weeks completed gestation [53]. 

Inhaled NO may improve oxygenation in preterm 
neonates with hypoxaemic respiratory failure in one of 
two ways: (1) it may reverse extra-pulmonary shunting by 
selectively decreasing pulmonary vascular resistance 
(PVR) and (2) it may reduce intra-pulmonary shunting 
(and/or V /Q mismatch) by redistributing pulmonary blood 
flow. The former mechanism is likely to he the most 
impottant in infants with primary or secondary PPHN, 
whereas the latter will be more important in the majority 
of preterm infants who have parenchymal lung disease as 
the p1imary cause of their hypoxaemic respiratory failure. 

There are three published, randomised, controlled 
trials (RCTs) of iNO therapy in preterm infants [14, 54, 
55], overviews of which have been reported in the form of 
two systematic reviews [53, 56]. A total of 207 infants 
have been studied in these RCTs. Other RCTs (such as the 
UK INNOVO trial, NICHD Preemie iNO trial and other 
US trials) are either on-going or have only just completed 
recruiting and results are not yet available. One small 
RCT has repmted the long-term nemodevelopmental 
outcome following iNO therapy [57]. 

A Cochrane Review has summarised the results of the 
three RCTs in preterm infants [53]. The study of Kinsella 
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et al. [55] is the single most useful trial in that it recruited 
neonates with hypoxaemic respiratory failme early in the 
course of their respiratory disease, the intervention was 
ma.;;ked, an important primmy outcome (mortality) was 
chosen, there wa<> no crossover treatment with iNO and 
infants were carefully evaluated for intraventricular 
haemorrhage (IVH). There is no evidence of an effect 
of iNO on mortality or chronic lung disease (CLD) at 
36 weeks, or on survival without CLD in preterrn infants 
with hypoxaemic respiratory failure. Doses of between 5-
20 ppm iNO appear to be effective in improving arterial 
oxygenation within the first 2 h of treatment. One study 
showed a reduction in days of ventilation vv·ith 5 ppm iNO 
in survivors r55] whilst another study reported no 
difference [14]. 

Sufficient data are lacking for evaluation of the 
possible effects of iNO on periventricular haemorrhage 
or on long-term neurodevelopmental outcome. Thus, with 
the data currently available, the consensus group do not 
recommend the routine use of iNO in the pretenn infant 
and strongly recommend its use in this indication only 
within controlled clinical trials. The use of iNO could, 
however, be justified as rescue therapy in life-threatening 
hypoxaemia after lung recruitment has been optimised. 

Use of inhaled nitric oxide in paediatric acute lung injury 
and acute respiratory distress syndrome 

Acute lung injury (ALI) or acute respiratmy distress 
syndrome (ARDS) may result from many systemic 
disease processes, and affects people of all ages. No drug 
therapy has been found to impact substantially on survival 
in ALI cases. Inhaled NO has been used in this setting 
principally because of its effect in improving oxygenation 
as therapy commences, due to improved ventilation­
perfusion matching. 

The conm1ents in this section are aimed at guiding the 
clinical use of iNO in paediatric practice. Recommenda­
tions on ALI and ARDS had to be formed on a very 
limited base of information as, apart from case series and 
anecdotes about children, almost all data on such clinical 
use of iNO were only available for adult patient 
populations. Five randomised controlled trials were 
evaluated (Dellinger [58], Dobyns rs9], Lundin [60], 
Troncy [61], Michael [621) in a recent Cochrane review 
[63] assessing 535 patients, with only one trial focused on 
children [59]. Inhaled NO had no impact on mortality in 
trials without crossover (relative risk 0.98, 95% confi­
dence intervals 0.66, 1.44) or with crossover of treatment 
failures to open-label iNO (RR 1.22, 95% CI 0.65, 2.29). 
Evidence published in one study demonstrated that iNO 
resulted in a transient improvement in oxygenation in the 
first 24 h of treatment: the oxygenation index (01) showed 
a mean difference of -3 (95% CI -5.354, -0.646), and 
Pa02/Fi02 ratio and a mean difference of 35 (95% CT 
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20.236-49.764) [58]. Other clinical indicators of effec­
tiveness, such as dmation of hospital and intensive care 
stay, were inconsistently repmted. There were no com­
plications reported to be directly attributable to this 
treatment. 

Based on these data, it appears that iNO has no effect 
on mmtality and only transiently improves oxygenation in 
ALI/ARDS. There is insufficient data to assess other end 
points. The authors of the Cochrane review suggest that 
any further trials of iNO in this indication must stratify for 
underlying disease, since outcome is thought to be more 
related to this than to respiratory failure alone. 

Use of inl1aled nitric oxide in children 
with cardiac disease 

Pulmonary hypertension is an important problem in many 
children with acquired or congenital hemt disease. As a 
selective pulmonary va<>odilator, as in neonatal PPHN, 
iNO has the potential to improve the management of these 
patients. Numerous reports of iNO usage in such patients 
have been published including its use in the assessment of 
the reversibility of pulmonary hypertension a<; a diagnos­
tic procedure [64, 651 and in the perioperative manage­
ment of pulmonary hypertension or RV afterload 
reduction [66, 67, 68]. Inhaled NO has also been shown 
to complement standard methods of differentiating reac­
tive from fixed pulmonary vascular disease [64, 65]. 

Inhaled NO has been shown to be effective in the 
management of some patients with severe reactive 
pulmonaty hypertensive episodes follmving cardiac sm­
gery [69, 70]. In these patients, iNO is believed to replace 
endogenous NO production, which is temporarily im­
paired due to the effects of cardiopulmonmy bypass on 
the pulmonary endothelium. One randomised, controlled 
trial [71] reported that the prophylactic administration of 
10 ppm iNO was associated with a significant reduction in 
pulmonary hypertensive events and a reduction in time to 
meeting extubation criteria. Mortality and length of TCU 
stay were, however, unaffected. Another similar, but 
smaller, study failed to demonstrate any benefit from 
prophylactic iNO [72]. The view of the consensus 
meeting experts was that data from other clinical trials 
was required before the routine prophylactic use of iNO 
could be recommended in children at risk of pulmonary 
hypertensive events after repair of congenital heart 
smgery. Inhaled NO ha<> also been shown to improve 
the haemodynamic status in patients with elevated PVR 
after the Fontan operation [73] and in those with failing 
right ventricles [74]. There are no RCT's in this group of 
patients. 

In summary, there are few RCTs on the use of iNO in 
children with cardiac disease from which to draw 
evidence-based conclusions. There is insufficient evi­
dence to recommend the routine use of prophylactic 
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postoperative iNO in congenital heart patients at risk of 
pulmonary hypertension. The expert group felt that there 
is, however, sufficient evidence (from large case series) to 
support a trial of 20 ppm iNO for J 0 min, increasing to 
40 ppm if no response to the lower dose, in patients with 
clinically significant pulmonary hypertension complicat­
ing their perioperative course. In this setting it is 
recommended that iNO should only be continued if there 
is documented evidence of important haemodynamic 
improvement. After a 30-min trial of iNO at 20 ppm, 
increasing to 40 ppm, consideration should be given to 
discontinuing the dmg if no clinically significant response 
has occun-ed. 

practice and further clinical trials on the usc of iNO 
therapy. 

Acknowledgement<; Performed under the auspice~ of the European 
Society of Paediatric and Neonatal Intensive Care in collaboration 
with the European Society for Paediatric Research and the 
European Society of Neonatology. Supported by an unrestricted 
educational grant from INO Therapeutics. 

Members of the Consensus Group 

Belgium-B. van Overmeire, Antwerp. Finland-M. 
Hallman, Oulu; S. Andersson, Helsinki. France-T. 
Lacaze, Clamart; C. Danan, Creteil; J.-M. Hoscoet, 
Nancy; J.-C. Roze, Nancy; D. Devictor, Paris. Ger­
many-S. Demirakca, Mannheim; B. Roth, Koln; W. 
Kachel, Hcilbronn; K. Bauer, Berlin. Greece-T. Hatzis, 
Athens. Italy-F. Mosca, Milan; M. Somaschini, Seriate; 
D. Trevisanuto, Padova; P. Tagliabue, Monza. Neder­
lands-D. Tibboel, Rotterdam; J. Latour, Amsterdam. 
Norway-S. Sponhcim, Oslo. Portugal-G. Rodriguez, 
Lisbon; F. Simoes, Lisbon. Spain-P. Rodriguez, Madlid; 
J. Figueras-Aloy, Barcleona; A. Valls-I-Soler, Bilbao. 
Sweden-B. Jonson, Stockholm. Switzerland-J.-F. Tol­
sa, Lausanne; M. Berner, Geneva. United Kingdom-A. 
Greenough, London; S. Sinha, Middlesborough; H. Hal­
liday, Belfast. Slovenia-J. Primozic, Ljubljana. USA­
D. Wessel, Boston. 

Conclusion 

These guidelines, "Use of iNO in neonates and children: 
consensus guidelines from the European Society of 
Paediattic and Neonatal Intensive Care, the European 
Society of Paediatric Research and the European Society 
of Neonatology", (please see ESM), were compiled by a 
group of practitioners with knowledge of iNO therapy 
drawn from the majority of European states. The guide­
lines are designed to allow the safe usc of this therapy, 
within both its permitted and its potential uses. It is hoped 
that these guidelines will encourage evidence-based 
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The CCMD provides the following clinical services: 

Intensive Care Unit (ICU) 

The Intensive Care Unit (ICU) at the NIH is located on the third floor of the Mark 0. Hatfield NIH Clinical 
Center. This is a 12-bed Medical/Surgical ICU with an adjoining 6-bed intermediate care unit. The unit 
can provide hemodynamic monitoring, diagnostic ultrasound, ventilatory, renal replacement, and 
cardiovascular support. In addition, all medical patients and some surgical patients with predominantly 
medical problems are cared for by Critical Care Medicine Department (CCMD) senior physicians and 
medical fellows. The ICU team physicians, nurses, respiratory therapists, and a pharmacist, nutritionist, 
and social worker dedicated to the management of CCMD patients. The department also provides a 
diagnostic pulmonary service for patients with bronchoscopy and elective pulmonary artery 
catheterization. The CCMD accepts patients from any service within the Clinical Center. Admission of 
patients for CCMD care can be requested by contacting the CCMD physician on-call via the page 
operator or by calling (301) 451-0567. 

Code Team 

"Code Blue" procedures a have been established to obtain emergency medical assistance for patients, 
visitors, and employees. The code team serves as a mobile emergency response team, rendering 
lifesaving first aid, and making appropriate referrals to any needed services including outside facilities. 
The Critical Care Medicine Department (CCMD) fellow serves as the team leader. Other members of the 
code team include the surgery oncology fellow, two intensive care nurses, two respiratory therapists, 
and the CCMD attending physician. The team responds typically to respiratory and cardiac arrests, 
anaphylaxis, respiratory distress, severe seizures, and hypotensive/ syncopal episodes. 

A Rapid Response Team (RRT) had been established to obtain early access to critical care consultation 
for any inpatient or outpatient if their condition appears to be deteriorating. This service is provided to 
improve recognition and response to a change in patient condition and to enhance a culture of safety for 
the patient. The RRT team consists of the CCMD fellow and the ICU charge nurse. The patient's 
physician, nurse, or respiratory therapist may call for this assistance whenever needed. Patients and 
families may also use the service when requested through their health care provider. 

Procedures, Vascular Access, and Conscious Sedation (PVCS) Services 

The Procedures, Vascular Access, and Conscious Sedation (PVCS) Services are staffed by critical care 
fellows and the Nursing Service and provides temporary vascular catheters to those patients requiring 
continuous vascular access for long periods oftime. 

The service places multilumen jugular, subclavian, and femoral vascular catheters as well as 
peripherally inserted central catheters. All catheters are placed using ultrasound guidance. This service 
also provides conscious sedation when necessary for procedures such as vascular access, 
bronchoscopy, and bone marrow biopsies. Patient care providers may call (301) 451-0336 to make an 
appointment for their patients to have catheters placed. 

Critical Care Therapy and Respiratory Care Section (CCTRCS) 

http://www.cc.nih.gov/ccrnd/clinical services.htrnl 9113/2010 
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The Critical Care Therapy and Respiratory Care Section (CCTRCS) was established, with specially 
cross-trained respiratory therapists, to provide respiratory critical care and essential support to 
accomplish specific therapeutic goals. In 1999, the CCTRCS expanded its staff and clinical services to 
support all areas of the Clinical Center. In addition to our patient care responsibilities, the CCTRCS 
provides monthly Basic Cardiac Life Support recertification classes to all allied healthcare personnel and 
has developed a weekly lecture series to foster continued professional growth and development of our 
staff. 

Critical Care Nursing 

The critical care nurses provide care to critically ill patients and their families. The nurses provide this 
highly skilled care in close collaboration with the critical care physicians, critical care respiratory 
therapists, and other members of the multidisciplinary health care team. The scope of practice for critical 
care nurses encompasses patients of all ages, from infancy through adulthood, with a variety of 
potentially life-threatening problems. These nurses provide care for patients on protocols from any of the 
institutes of the NIH through complex and vigilant assessment and interventions. Although the patient 
population is widely variable, the nurses are particularly skilled in caring for immunosuppressed patients 
with life-threatening infections and/or respiratory failure and for patients requiring continuous renal 
replacement therapy for acute renal failure. 

(: 

http://www.cc.nih.gov/ccmd/clinical_services.html 9/13/2010 
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Critical Care Therapy and Respiratory Care Section 

Categmy: Clinical 
Section: Ventilator Management 
Title: 
Policy#: 

Standard of Practice: Care of the Mechanically Ventilated Patient 
01 

Revised: 03/00 

1.0 DESCRIPTION 

1.1 Definition: Mechanical ventilatmy suppmi may be provided to a patient through a wide 
variety of mechanical, pneumatic, electronic, and microprocessor-driven devices for the 
purposes of life support during acute respiratory failure, therapeutic suppmi of 
suboptimal cardiopulmonary function, or therapeutic suppmi of chronic ventilatory 
failure. Ideally, mechanical ventilatmy support should: 
• Maintain alveolar ventilation to ensure adequate elimination of carbon dioxide. 
• Maintain mierial oxygenation to ensure adequate delive1y of oxygen to the tissues. 
• Minimize the risk of adverse pressure and volume effects on the lungs ( eg, baro-

/volutrauma) and cardiovascular system. 
• Aim for patient comfort. 
• Provide appropriate reconditioning workloads as well as muscle rest during recove1y. 
• Specific instruction for the use of any of the devices of ventilatory support should 

be obtained from the Operator's Manuals for the devices. Additionally, specific 
indications and procedures exist for some devices (see the cmTesponding procedures 
in References), and Section policies still apply. The purpose of this Standard of 
Practice is to provide a guideline for proper care of the patient whose medical 
management includes the use of any of the devices of mechanical ventilatory support. 

1.1 Indications 

1.1.1 Hypercapnic respiratmy failure resulting from: 
1.1.1.1 Decreased respiratory drive 
1.1.1.2 Increased dead space 
1.1.1.3 Right-to-left shunt 
1.1.1.4 Mechanical failure 
1.1.1.5 Hypennetabolism with resulting increases in carbon dioxide production 

1.1.2 Hypoxic respiratory failure resulting from: 
1.1.2.1 Right-to-left shunt 
1.1.2.2 Ventilation-perfusion mismatch 

CCh·1D Shnrcilr,'Policics/Proccdurcs/Vcntilator Management 
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1.1.2.3 Diffusion defect 
1.1.2.4 The acute respiratory distress syndrome (ARDS) 

1.1.3 Refer to the operator's manual and/or procedure for device-specific indications 
(see References). 

1.2 Contraindications: 

1.2.1 Documented refusal to be mechanically ventilated as per an advance directive 
signed by the patient or an acceptable sun·ogate 

1.2.2 Device-specific contraindications may exist. Refer to the operator's manual 
and/or procedure 

1.3 Potential Complications 

1.3 .1 Pulmonary barotrauma 

1.3 .2 Ventilator-associated pneumonia 

1.3 .3 Cardiovascular compromise 

1.3 .4 Increased intracranial pressure 

1.3.5 Device-specific complications may exist. Refer to the operator's manual and/or 
procedure. 

1.4 Precautions 

1.4.1 Mechanical ventilatmy devices are highly sophisticated requiring understanding 
of the technical components of their design, the pathophysiology of the 
respiratory system, and the patient-ventilator interaction. Personnel who are 
primarily responsible for implementing mechanical ventilation or associated 
changes to the parameters of mechanical ventilation must demonstrate 
competence in: 

1.4.1.1 The technical setup and operation of the device 
1.4.1.2 Cardiopulmonary physiology and pathophysiology 
1.4.1.3 Interpretation of the results of mierial blood gas analysis 
1.4.1.4 Assessment of the need for mechanical ventilatmy suppmi, therapeutic 

response, and adverse reactions 
1.4.1.5 The ability to respond appropriately to adverse reactions as well as to make 

recommendations to improve the ventilator plan of care 
1.4.1.6 Appropriate application of universal precautions 

CC.MD Slwrc/lr.'Policics/Proccdurcs/Vcnti!ator Management 
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1.4.2 Mechanical ventilatory devices should not be adapted for uses other than those 
intended by the manufacturer. 

1.4.3 Any device which fails to perfonn according to the manufacturer's specifications 
should not be used for patient care. Refer all equipment failures and 
malfunctions to appropriate service personnel. 

1.5 Adverse Reactions and Interventions 

1.5 .1 If mechanical ventilation results in life-threatening cardiopulmonary compromise, 
or the mechanically ventilated patient exhibits life-threatening physical signs, 
appropriate life suppmi measures must be implemented. Specifically, the 
caregiver must: 

1.5.1.1 Ensure that the patient has an adequate airway. 
1.5.1.2 Ensure that ventilation is suppmied via the use of a manual resuscitator. 
1.5.1.3 Ensure that oxygenation is optimized. 
1.5.1.4 Ensure that steps are taken to preserve cardiac function. 

1.5 .2 If a malfunction of the device is suspected, remove the patient from the device 
and ensure appropriate oxygenation and ventilation. Do not reinstitute 
mechanical ventilation with the device until troubleshooting maneuvers prove 
proper function. Secure an altemate ventilatmy device when necessary. 

1.5.3 Device-specific interventions may exist. Refer to the operator's manual and/or 
procedure. 

2.0 EQUIPMENT AND SUPPLIES 

2.1 Manual resuscitator and appropriate size mask 

2.2 Cardiopulmonary monitor and supplies 

2.3 Pulse oximeter and supplies 

2.4 Suction equipment and supplies 

2.5 Intubation equipment and supplies 

2.6 Stethoscope 

2.7 Oxygen analyzer 

CCMD Sharc-/lr/Policics:Procl..'durcs/Vcntilator Management 
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2.8 Pressure monitor 

2.9 Volume monitor 

2.10 Timepiece 

2.11 Device-specific humidification system 

2.12 Device-specific patient interface and circuit including a water trap system capable of 
closed disposal of condensation (when necessary) NOTE: Pediatric circuit shall be 
utilized on pts. weighing< 20kg. 

2.13 Test lung 

2.14 Continuous Ventilation Record 

2.15 Universal precautions attire 

2.16 Calibration equipment and preventive maintenance documentation as per the 
manufacturer's specifications and departmental policy 

3.0 PROCEDURE 

3 .I Assure device readiness for use through evidence of calibration/perfonnance verification. 

3.2 Assess appropriateness of physician's orders and set ventilatory parameters 
accordingly. Initial settings as well as changes to ventilatory parameters must be 
accompanied by physician's orders. 

3.3 Ensure proper device function with a test lung. 

3.4 Connect the patient to the device. Assess the patient for tolerance and the patient­
ventilator system for good coordination and proper function. Set all applicable alanns 
including alanns for thennal regulation of the humidification system. 

3.5 Perform a thorough assessment of the patient-ventilator system according to the 
CCTRCS Patient Assessment Policy. Document ventilator data (see 5.0. 
Documentation) as well as cardiopulmonary data according to CCTRCS policy on the 
Continuous Ventilation Record. Perform repeat patient-ventilator checks as per policy. 

3.6 Monitor the patient continuously via cardiopulmonary monitor and pulse oximetry. 
Perfonn mierial pH and blood gas analysis and/or capnometry or transcutaneous 
monitoring as necessary and per physician order. 
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3. 7 Make recommendations for changes to the ventilatory care plan as appropriate. 

3.8 Perfonn suctioning and other airway care interventions as clinically indicated to ensure 
optimal pulmonary management of the patient. 

3.9 Perfonn routine circuit and related equipment changes as per Section policy and 
whenever required to restore integrity of the circuit or when the circuit is visually soiled. 

3.10 Ensure that ventilator readiness data are filed according to Section policy. 

4.0 POST PROCEDURE 

4.1 Refer to the operator's manual and/or procedure for specific cleaning instructions. 

4.2 After appropriate disinfection and reassembly, perform a pre-use functional check 
according to Section policies. 

5.0 DOCUMENTATION 

5.1 A proper record of ventilator care should include documentation of at least the following 
every two hours: 

5.1.1 Ventilator settings comply with physician orders 

5 .1.2 The ventilator is functioning properly as evidenced by a check of measured 
volumes, rates, pressures, and Fi02 

5 .1.3 Alarms are appropriately set 

5 .1.4 Measured inspired gas temperature 

5.1.5 Transcutaneous oxygen saturation (Sp02), carbon dioxide, or end-tidal carbon 
dioxide values (when available) 

5.1.6 The signature or initials of the person performing the patient-ventilator system 
check and the person's credentials are documented at the time of the check. 

5.2 A proper record of ventilator care should include documentation of the following, at least 
every twelve hours: 

5.2.1 Alanns are activated and respond appropriately 

5.2.2 The patient's artificial ai1way is secure and positioned as previously 
documented 
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5.2.3 A manual resuscitator and appropriate size mask are available at the bedside and 
functional 

5.2.4 Physician's orders for ventilator parameters as written are up-to-date 

5.2.5 Physical assessment results are documented (see the CCTRCS Patient 
Assessment Policy). 

5.3 A proper record of ventilator care should include documentation of the following as 
needed: 

5.3 .I Ventilator circuitty and/or manual resuscitation equipment is changed according 
to policy or as needed when visibly soiled or leaky 

5.3.2 Changes to the ventilatory parameters are documented at the time of change, and 
circled for easy identification 

5.3.3 Aitway care maneuvers (including suctioning) are documented when perfonned 

5.3.4 Transport parameters, adverse events, weaning parameters, care plan 
infonnation, etc. are documented as needed to ensure the most complete 
infonnation on the patient and a good continuity of care. 

5.4 This documentation shall be made on the patient's Continuous Ventilation Record and/or 
the nursing flowsheet. 

5.5 See the CCTRCS Patient Assessment Policy for specific information on the 
communication and reporting of petiinent patient information to the oncoming shift. 

6.0 REFERENCES 

6.1 CCTRCS Policy "Patient Assessment, Documentation and Communication of Patient 
Care Infom1ation" 

6.2 CCTRCS Policy "General Standards for Mechanically Ventilated Patients" 

6.3 AARC Clinical Practice Guideline "Patient-Ventilator System Checks" 

6.4 AARC Clinical Practice Guideline "Humidification during Mechanical Ventilation" 

6.5 AARC Clinical Practice Guideline "Ventilator Circuit Changes" 
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6.6 AARC Clinical Practice Guideline "Transpmi of the Mechanically Ventilated Patient" 

6. 7 Servo Ventilator 900C - Operating Manual 

6.8 Servo Ventilator 300- Operating Manual 

6.9 BiPAP;& Ventilatory Support System Clinical Manual 

6.10 CCTRCS Procedure "Use of the Respironics BiP AP® Ventilatory Support System" 

6.11 Ambu TransCARE Series Ventilators Operator's Manual 

6.12 CCTRCS "TransCARE I Transport Ventilator Procedure" 

6.13 CCTRCS "Equipment Change Policy" 

6.14 CCTRCS "Ventilator Weaning Procedure" 

6.15 CCTRCS "Receiving and Implementing of Physician Orders Policy" 

6.16 CCTRCS "Infant, Pediatric and Adult Ventilator Circuit Size Guidelines Policy" 

6.17 CCTRCS "Servo Calibration Policy" 

6.18 CCMD "Pressure Control Setting Policy" 

6.19 CCMD "Pressure Support Mode Ventilation Policy" 

6.20 CCMD "Ventilator Settings Change Policy" 

6.21 CCTRCS "Compliance Measurements Policy" 

6.22 CCMD "Physician Section Patient Transport Policy" 
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Improved Oxygenation in a Randomized Trial of Inhaled Nitric Oxide 
for Persistent Pulmonary Hypertension of the Newborn 

David L. Wessel, MD*:j:#; Ian Adatia, MBChB*#; Linda J. Van Marter, MD MPH§'][#; 
John E. Thompson, RRTII; Janie W. Kane, RNC'J[; Ann R. Stark, MD§'][#; and Stella Kourembanas, MD§'][# 

ABSTRACT. Objective. To determine the effect of in­
haled nitric oxide (NO) on clinical outcome in newborns 
with persistent pulmonary hypertension (PPHN). 

Design. A prospective, randomized trial of patients 
referred to a level 3 nursery in a single large center. 
Clinicians were not masked to group assignment. Cross­
over of patients from control to NO treatment was not 
permitted. 

Methods. We randomized 49 mechanically ventilated 
newborns, transferred to our center with clinical and 
echocardiographic evidence of severe PPHN (arterial ox­
ygen tension [Pao2] <100; fractional inspired oxygen = 1) 
to treatment with or without NO. Patients with gesta­
tional age <34 weeks or with congenital heart disease or 
diaphragmatic hernia were excluded. High-frequency os­
cillatory ventilation was used but not allowed concomi­
tantly with NO. Primary outcome variables were oxygen­
ation, mortality, and use of extracorporeal membrane 
oxygenation (ECMO). 

Results. Meconium aspiration syndrome and isolated 
PPHN were the most common diagnoses (32/49) and were 
distributed equally between groups. The median age at 
the time of entry into the study was similar between 
groups, 25 hours for control patients and 18 hours for NO 
patients. Median baseline oxygenation index (OI) was 
similar in 23 control (01 = 29) and 26 NO (01 = 30) 
patients. Mortality (8%), use of ECMO (33%), median 
days on mechanical ventilation (9 days), and duration of 
supplemental oxygen (13 days) were not different be­
tween treatment groups. Pao21 oxygen saturation, and 01 
improved in the NO group compared with baseline and 
to control patients at 15 minutes. The median percent 
change in 01 ( -31 %) in the NO group was significantly 
different from baseline and from the control group. The 
difference in oxygenation between treatment groups was 
still apparent 12 hours after baseline. Before cannulation 
for ECMO, oxygenation was better in the NO group 
compared with control patients. Among patients who 
were placed on ECMO, the median time from baseline to 
ECMO cannulation was 2.4 hours (range, 1 to 12 hours) 
among control patients and 3.3 hours (range, 2 to 68 
hours) for those randomized to receive NO. There was a 
tendency to observe fewer adverse neurologic events 
(seizure and intracranial hemorrhage) in the NO group 
(4/26 vs 8/23). One child with alveolar capillary dysplasia 
confirmed by postmortem examination could not be 
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weaned from SO parts per million of NO and transiently 
developed methemoglobinemia (peak methemoglobin 
level = 17%). No other side effects were observed. 

Conclusions. Although mortality and ECMO use 
were similar for both treatment groups using this study 
size and design, sustained improvement in oxygenation 
with NO and better oxygenation at initiation of ECMO 
may have important clinical benefits. We speculate that 
modification of treatment to include specific lung expan­
sion strategies with NO treatment and recognition that 
early improvement of oxygenation may be sustained 
with NO may lead to reduced use of ECMO in NO 
treated patients compared with controls. Pediatrics 1997; 
100(5). URL: http://www.pediatrics.org/cgi/content/full/ 
100/5/e7; persistent fetal circulation, extracorporeal mem­
brane oxygenation, high-frequency oscillatory ventilation, 
alveolar capillary dysplasia, methemoglobin. 

ABBREVIATIONS. PPHN, persistent pulmonary hypertension of 
the newborn; ECMO, extra corporeal membrane oxygenation; NO, 
nitric oxide; ppm, parts per million; Pao2, arterial oxygen tension; 
F102, fractional inspired oxygen; Paco2, arterial carbon dioxide 
tension; OI, oxygenation index; HFOV, high-frequency oscillatory 
ventilation. 

Persistent pulmonary hypertension of the new­
born (PPHN) is a syndrome characterized by 
increased pulmonary vascular resistance, right 

to left shunting of blood, and severe hypoxemia.1- 3 

PPHN is frequently associated with pulmonary 
parenchymal abnormalities, including meconium as­
piration, pneumonia, sepsis, lung hypoplasia, and 
dysplastic alveolar capillary structure. In some in­
stances, there is no evidence of pulmonary parenchy­
mal disease and the etiology is unknown. Treatment 
strategies, including alkalinization, hyperventilation, 
and use of intravenous vasodilators are aimed at 
lowering pulmonary vascular resistance but are as­
sociated with adverse effects and are not always 
successful.4 Extracorporeal membrane oxygenation 
(ECMO) has improved survival for neonates with 
refractory hypoxemia but may be associated with 
hemorrhagic, neurologic, and other complications.5- 7 

Although survival for PPHN has improved, better 
treatment would further reduce mortality rates and 
morbid outcomes. 

Inhaled nitric oxide (NO) is a selective pulmonary 
vasodilator.8

•
9 Early investigations suggested that 

this drug improved oxygenation in patients with 
PPHN who were administered 6 to 80 parts per 
million (ppm) of NO with oxygen.10•11 Although 
promising, these initial studies were small case series 
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with physiologic rather than clinical outcomes and 
lacked a control group. Subsequent trials were infor­
mative but until recently were still limited by lack of 
controls, extensive treatment crossover designs, or 
inherent limitations of multicenter trials with vary­
ing definitions of standard clinical practiceP-17 Al­
though the efficacy of NO in the treatment of PPHN 
has been recently affirmed in multicenter random­
ized trials, 18

•19 results of other studies may add to our 
understanding of this new therapy. We conducted a 
prospective, randomized trial of NO for treatment of 
PPHN among patients referred to a single large cen­
ter. Our objective was to systematically introduce 
this investigational therapy in a randomized fashion 
to all patients with PPHN, allowing for an interim 
analysis and protocol modification, until we or oth­
ers could demonstrate sustained improvement in ox­
ygenation and superior outcome with N0.20 Our pri­
mary hypothesis was that treatment with inhaled 
NO would improve oxygenation compared with 
controls and reduce mortality and utilization of 
ECMO. 

METHODS 

Patients 
We screened all newborns with a clinical diagnosis of PPHN 

admitted to Children's Hospital between September 1, 1992 and 
September 1, 1994. Qualifying criteria for enrollment included 
gestational age 234 weeks and Pao2 <100 mm Hg during me­
chanical ventilation on F1o2 = 1 after optimization of ventilatory 
and pharmacologic strategies. Patients were sedated with narcotic 
and administered muscle relaxants, with efforts made to achieve 
moderate hyperventilation (Paco2 = 30 to 40 mm Hg). Sodium 
bicarbonate was infused to correct metabolic acidosis and raise pH 
to 7.45 to 7.60. Systemic blood pressure was supported with col­
loid infusions, dopamine, and dobutamine. Intravenous vasodila­
tors such as tolazoline or prostaglandin E1 were not used. 

Echocardiographic evidence of pulmonary hypertension was 
required and included right to left or bidirectional shunting at the 
ductus arteriosus or foramen ovale. Evidence of systemic pressure 
in the pulmonary artery was inferred by Doppler assessment of 
tricuspid regurgitation or by ventricular septal position. 

Patients were excluded from study if they had major anomalies 
including congenital heart disease or congenital diaphragmatic 
hernia, or if echocardiography demonstrated evidence of low 
pulmonary vascular resistance (eg, continuous left to right flow 
through a patent ductus arteriosus or isolated right ventricular 
dysftmction without pulmonary hypertension). Previous treat­
ment with surfactant therapy or high-frequency oscillatory venti­
lation (HFOV) at the referring institution was permitted. 

Patients were randomly assigned to control or NO treatment. 
Randomization schemes were developed using a permuted-blocks 
design with blocks of size 10. Primary outcome variables were 
oxygenation, mortality, and use of ECMO. The initial study design 
predicted that a reduction in ECMO utilization from 40% to 15% 
would require 50 patients in each treatment group to achieve SO% 
power. For continuous variables [oxygenation index (01) and 
Pao2], a 20% reduction would require 25 patients in each group. 
Additional outcomes included oxygenation before ECMO, dura­
tion of mechanical ventilation, duration of exposure to supple­
mental oxygen during hospitalization, and need for supplemental 
oxygen after discharge from the hospital. We recorded and ana­
lyzed continuous variables including oxygenation, airway pres­
sures, heart rate, and systemic blood pressure during the 24 hours 
after baseline measurements were obtained. Measures of oxygen­
ation were: Pao0 Pao2 /Fw 2, 01 (01 = F1o2 X mean ainvay pres­
sure X 100 + Pao2), and oxygen saturation by pulse oximetry. For 
patients who were supported with ECMO, we recorded the last 
Pao2 before preparation for ECMO and the last oxygen sah1ration 
before initiation of ECMO. The clinical course was also noted for 
occurrence of seizures treated with anticonvulsants or for abnor­
malities on head ultrasound described as intracranial hemorrhage 

more severe than grade 1. Head ultrasounds were obtained at the 
discretion of the responsible clinician and for all patients before 
and after initiation of ECMO. 

Protocol 
We obtained informed consent from the parents of all patients 

using a protocol approved by the Clinical Investigation Commit­
tee of Children's Hospital with an investigational new drug num­
ber assigned by the United States Food and Drug Administration. 
Patients were randomized either to receive NO or to continue 
conventional therapy. Patients randomized to receive NO had the 
F102 reduced to 0.97. After randomization, patients were contin­
ued in the study even though the baseline Pao2 may have ex­
ceeded 100 mm Hg. Arterial blood gases, heart rate, blood pres­
sure, pulse oximetry, and all ventilator settings were recorded at 
baseline and 15 minutes later. During this interval no change in 
pharmacologic or mechanical support was permitted except as a 
resuscitative maneuver. All clinical variables were again recorded 
and analyzed at 1, 2, 6, 12, and 24 hours after baseline and daily 
thereafter until hospital discharge. 

All patient care decisions were made by the clinical care team 
according to standard practice guidelines and were not altered by 
the investigators. In both the treated and control groups attempts 
to wean mean airway pressure and Fw2 were made after a stable 
Pao2 >60 mm Hg had been achieved. Patients assigned to the NO 
group received a starting dose of SO ppm. NO was weaned ac­
cording to a preset protocol which lowered the NO dose from SO 
ppm to 40 ppm after 1 hour. If tolerated, this dose was continued 
up to 12 hours and dose reductions to 5 ppm were attempted each 
morning. NO was discontinued when the dose could be success­
fully reduced to 5 ppm for at least 12 hours while Pao2 was 
sustained >60 mm Hg with an F102 ,;:; 0.5. 

Alternatively, NO was discontinued when a patient was can­
nulated for ECMO or when the attending physician chose to 
convert from conventional mechanical ventilation to HFOV. The 
protocol permitted use of NO only during conventional mechan­
ical ventilation. HFOV was allowed before randomization, or if 
NO treatment was discontinued in favor of HFOV, or at any time 
in patients randomized to control. Concomitant treatment with 
HFOV and NO was not permitted because of early theoretical 
concerns about toxicity when NO at SO ppm was combined with 
HFOV. Criteria for initiation of ECMO included an 01 >40 for at 
least 1 hour or hemodynamic instability despite inotropic support. 
If a patient failed to wean from an F1o2 of 1.0 after persistent 
attempts during 2 to 3 days, ECMO was then utilized even though 
the 01 was still just below 40. 

We have described our NO delivery system previously21•22 We 
used NO gas (Scott Specialty Gases, Plumsteadville, P A and Ohm­
eda Pharmaceutical Division, Liberty Corner, NJ) of medical grade 
'quality which conformed to United States Food and Drug Admin­
istration standards. The source tank concentration of NO was 
either 2200 ppm (45 patients) or SOO ppm (4 patients, later in the 
study). NO, nitrogen dioxide, and inspired oxygen were continu­
ously monitored from a sampling port on the inspiratory limb of 
the ventilator circuit (Thermoenvironmental Instruments, chemi­
luminescence model 42H, Franklin, MA). Methemoglobin levels 
were measured by cooximetry (Ciba model 2500) in all patients 
receiving NO after the first 15 minutes of exposure and then every 
12 hours. 

Statistical Analysis 
Data are represented by median values and ranges along with 

mean and standard error of the mean where appropriate. After a 
Friedman's analysis of variance by ranks, a paired nonparametric 
test (Wilcoxon signed rank test) was used to compare the differ­
ence between baseline hemodynamic variables and after 15 min­
utes of inhaled NO and five subsequent times up to 24 hours with 
correction for multiple comparisons. Comparison between pa­
tients in the control and NO treatment groups was made using the 
Mann-Whitney test. Binary variables were compared using 
Fisher's exact test. 

RESULTS 

We enrolled 51 patients. Two patients were 
promptly disqualified for study because on review of 
the echocardiogram shortly after enrollment 1 pa-
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tient was noted to have total anomalous pulmonary 
venous connection; the other patient had an en·one­
ously reported entry Pao2. Neither patient received 
treatment under this protocol. Among the remaining 
49 patients, 23 randomized to conventional treatment 
and 26 were assigned to receive NO. There were 3 
departures from the intended protocol. One patient 
in the NO group received only conventional therapy. 
In 2 patients who randomized to NO, the drug was 
administered for only 15 minutes; conventional ther­
apy was continued for 12 and 14 hours, respectively, 
before initiation of ECMO in both patients. Out­
comes for these 3 patients were analyzed according 
to the intention to treat. There were no differences 
between groups for age at entry, gestational age, 
weight, or baseline Pao2 (Table 1). 

Associated conditions including meconium aspira­
tion syndrome, isolated PPHN, pneumonia, sepsis, 
and rare patients with hydrops fetalis, respiratory 
distress syndrome, or pulmonary hemorrhage were 
similar between groups (Table 2). Surfactant therapy 
was permitted at any stage during hospitalization. 
Four patients received surfactant therapy including 1 
after enrollment in the study. 

Overall Outcome 

Four (8%) of the 49 patients died, 2 in each group. 
Two had alveolar capillary dysplasia identified at a 
postmortem examination, and a third patient had 
clinical features consistent with alveolar capillary 
dysplasia but we were unable to obtain permission to 
perform an autopsy of this child. One child who died 
with alveolar capillary dysplasia while receiving NO 
had an intracranial (thalamic) hemorrhage which 
precluded use of ECMO. A fourth patient had poor 
left ventricular function and a right ventricular de­
pendent circulation with echocardiographic evi­
dence of a small left atrium and left atrial hyperten­
sion with continuous right to left ductal flow, but 
continuous left to right flow across the foramen 
ovale. Her clinical presentation and echocardio­
graphic assessment were consistent with PPHN. Se­
vere pulmonary hypertensive changes were identi­
fied microscopically during the autopsy. NO was 
administered to this patient for 15 minutes and then 
discontinued because of clinical deterioration. Hy­
poxemia and hypotension persisted with conven­
tional therapy and ECMO was initiated. The patient 

TABLE 1. Comparative Data at Baseline, Median (Range) 

Age at entry (hours) 
Gestation (weeks) 
Weight (kg) 
Heart rate 

(beats per min) 

Control 
(n = 23) 

25 (3-63) 
40 (36-42) 

3.4 (2.2-5.2) 
165 (139-200) 

Mean blood pressure 54 (39-80) 
(mmHg) 

Pao2 (mm Hg) 
pH 
Paco2 (mm Hg) 
Mean airway 

pressure (cmH20) 

64 (27-212) 
7.48 (7.23-7.62) 

34 (18-58) 
15.2 (8.3-32) 

Oxygenation index 29.4 (10.5-114) 

Nitric Oxide 
(n = 26) 

18 (5-83) 
40 (35-42) 

3.5 (2.5-5.0) 
175 (135-195) 

53 (35-76) 

47 (24-113) 
7.51 (7.14-7.66) 

31 (13-75) 
16.3 (10.8-25.6) 

30.4 (10.4-84.5) 

TABLE 2. Diagnostic Categories and Associated Conditions 

Diagnosis All Control Nitric Oxide 
(n = 49) (n = 23) (n = 26) 

Meconium aspiration syndrome 22 (45%) 
Persistent pulmonary 11 (23%) 

hypertension of the newborn 
Pneumonia 
Sepsis 
Hydrops fetalis 
Respiratory distress syndrome 
Pulmonary hemorrhage 

8 (16%) 
4(8%) 
2(4%) 
1 (2%) 
1 (2%) 

9 
7 

3 
3 
1 
0 
0 

13 
4 

5 
1 
1 
1 
1 

died on ECMO with an intracranial hemorrhage 16 
hours after baseline. 

Sixteen (33%) of the 49 patients required ECMO, 
one half in each group (relative risk = 1). One­
quarter of our patients had either seizures or intra­
cranial hemorrhages more severe than grade 1. No 
patient was discharged home requiring supplemen­
tal oxygen (Table 3). 

Differences Between Treatment Groups 

There were no differences between groups with 
respect to death, use of ECMO, days on mechanical 
ventilation, or days receiving supplemental oxygen 
(Table 3). However, measures of oxygenation after 
baseline were markedly different between the two 
groups. The median percentage change in Pao2/Fro2 

at 15 minutes compared with baseline for the control 
patients ( -2%, range -37% to 249%; P = .57) com­
pared with patients assigned to NO ( +45%, range 
-33% to 539%; P = .001) was significant (P = .03 
between groups, Fig 1). 

Similarly, the percentage change in OI at 15 min­
utes compared with baseline was significant for the 
NO group and it had improved compared with con­
trol patients (Fig 2). Baseline OI was similar between 
the two groups but dropped dramatically in the 
treated NO patients compared with baseline (-31%, 
range -84 to 38%; P = .003) and also compared with 
the control population (5%, range -71 to 101%; P = 
.39) (P = .009 between groups). This observation was 
related to changes in oxygenation and not mean 
airway pressure or Fro2; the median percentage 
change in Pao2 was 43% (range, -35 to 539%; P = 
.002) for patients receiving NO and -2% for control 
patients (range, -37 to 247%; P = .57) (P = .04 
between groups). The median change in mean air­
way pressure at 15 minutes compared with baseline 
was zero. Oxygen saturation by pulse oximetry in­
creased by 4% (range, -9% to 21 %; P = .0003) in NO 

TABLE 3. Outcome 

All Control Nitric Oxide 
(n = 49) (n 23) (n = 26) 

Mortality 4(8%) 2(9%) 2(8%) 
Extracorporeal membrane 16 (33%) 8 (35%) 8 (31%) 

oxygenation 
Seizure or intracranial 12 (25%) 8 (35%) 4 (15%) 

hemorrhage 
Median days on 9 10 9 

ventilator 
Median days on oxygen 13 12 13 
Home oxygen 0 0 0 
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50 

40 

Fig 1. Median percentage change in Pao2/FJo2 at 15 
minutes compared with baseline for control patients 
and patients treated with NO. Oxygenation significantly 
improved in NO patients compared with the control 
population (P = .03). 

30 

20 

10 

-10 

treated patients and 0 (range, -22 to 41 %; P = .97) 
for control patients (P = .006 between groups). There 
was no change in heart rate or blood pressure within 
groups compared with baseline or between groups. 

Fifteen patients who received NO increased their 
Pao2 at 15 minutes by more than 20% from baseline. 
Only 2 of these patients were subsequently placed on 
ECMO. One of these patients, with the diagnosis of 
pulmonary hemorrhage, saw improvement in Pao2 

from 29 to 42 mm Hg at 15 minutes and to 55 mm Hg 
2 hours later just before cannulation for ECMO (OI = 
49). The second patient had improvement in Pao2 

from 43 to 54 mm Hg 15 minutes after NO was 
started. Pao2 was sustained in the 60s in this patient. 
However, after 68 hours the F102 still could not be 
weaned from 0.97 without reduction in the Pao2 

below 60 mm Hg; the child was placed on ECMO 
(Pao2 = 63 mm Hg, OI = 28). Thus, no child had a 
positive response (more than 20% change) to NO 
followed by marked deterioration and need for 
ECMO. 

The improvement in oxygenation among patients 
treated with NO was sustained. Figure 3 shows the 
median percentage change in OI for both treatment 
groups during the first 24 hours of study. The reduc­
tion in OI seen at 15 minutes with NO was sustained 
compared with baseline and was significantly differ­
ent from controls at later time points. After 12 hours 
of treatment, the median percentage change in OI 
among NO treated patients was -50% (range, -86 to 
30%; P = .0007) compared with control patients' 

20 

10 

Baseline Pa02IFP2 

1111 Control= 64 

13 N0=47 

p=.57 

change of -19% (range, -81 to 97%; P = .20) (P = .03 
between groups). OI was excluded from analysis 
after patients were placed on ECMO. Because the 
number of patients treated with ECMO was the same 
in each group (n = 8), and because the number of 
patients treated with HFOV at any point in their 
treatment (n = 18, controls vs n = 15, NO) was not 
different between groups, the data suggest that the 
immediate and sustained improvement in oxygen­
ation was attributable to NO inhalation. Analysis of 
oxygenation data with ECMO patients excluded at 
all times demonstrates similar findings, as does sep­
arate statistical analysis which excludes patients as­
signed to but not treated with NO. The median time 
receiving NO was 22.5 hours (range, 0.25 to 137 
hours). 

For those patients who were placed on ECMO the 
Pao2 and oxygen saturation were higher in the NO 
group just before cannulation (Table 4). In control 
patients, the median value of the last recorded Pao2 

was 38 mm Hg, similar to the baseline value. Before 
ECMO the oxygen saturation by pulse oximetry had 
fallen from 86% to 82%. In contrast, in NO treated 
patients the median Pao2 rose from 41 mm Hg at 
baseline to 55 mm Hg before ECMO (P = .02, be­
tween groups) and oxygen saturation rose from 87% 
to 91% (P = .02, between groups). The median time 
from baseline to ECMO cannulation was 2.4 hours 
(range, 1 to 12 hours; mean= 3.9 :±:: 1.3 hours) among 
control patients and for the NO group it was 3.3 
hours (range, 2 to 68 hours; mean 17.7 :±:: 8.9 hours). 

p=.39 

6 
Or-------

Fig 2. Median percentage change in OI at 15 minutes 
compared with baseline for control patients and for 
patients treated with NO. In NO treated patients, OI 
was reduced and was significantly different from con­
trol patients (P = .04). 
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Fig 3. Median percentage change in 01 during the first 
24 hours of study. The reduction in 01 during the first 15 
minutes was sustained during subsequent times com­
pared with baseline (*) or to control patients (t) (P < 
.05). or data were not included in this figure after pa­
tients were cannulated for ECMO. 
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There was a tendency toward fewer neurologic 
complications in the NO treatment group. Eight of 23 
control patients suffered from intracranial hemor­
rhage or seizures compared with 4 of 26 in the NO 
group including the incompletely treated patient 
with left atrial hypertension who died on ECMO 
(P = .1 by Fisher's exact test; Table 4). 

Toxicity 
The median peak methemoglobin level was 1.7% 

(range, 0.1 to 17%). One patient with subsequently 
documented alveolar capillary dysplasia could not 
be weaned to <80 ppm of NO and developed a peak 
methemoglobin level of 17% after 25 hours of treat­
ment. The methemoglobin level was reduced below 
8.0% with vitamin C therapy and transfusion with 
packed red blood cells. The patient died suddenly on 
80 ppm of NO, 4 days after enrollment with a tension 
pneumothorax and intracranial hemorrhage. 

Peak nitrogen dioxide levels of 1 ppm or less were 
recorded in 19 out of 26 patients who received NO. 
One patient had a spurious nitrogen dioxide level of 
9 ppm which could not be subsequently confirmed 
using backup chemiluminescence devices. No other 
patient had nitrogen dioxide levels that exceeded 
5ppm. 

DISCUSSION 

This study showed that inhaled NO improved ox­
ygenation in patients with PPHN compared with 
control patients. This confirms earlier reports from 
smaller uncontrolled trials of NO and supports the 
contention that improved oxygenation can be sus­
tained with NO. The OI improved not only during 

TABLE 4. 
(n = 16) 

Extracorporeal Membrane Oxygenation Patients 

Control 
(n = 8) 

Nitric Oxide 
(n = 8) 

Base Pre- Base Pre-

Pao2 (mm Hg) 38 
Oxygen saturations (%) 86 
Time to extracorporeal membrane 

oxygenation (hours) 

* P = .02 compared to control patients. 

ECMO ECMO 

38 
82 

2.4 

41 55* 
87 91* 

3.3 

0 1 2 6 
Time (hrs) 

12 24 

the first 15 minutes of therapy, but was also reduced 
compared with control patients at 6 and 12 hours 
after initiation of therapy. Because the number of 
patients treated with ECMO or HFOV was not dif­
ferent between groups one cannot attribute these 
oxygenation differences to drop out of ECMO pa­
tients or artifact of mean airway pressure measure­
ments during HFOV compared with conventional 
therapy. 

However, sustained improvement in oxygenation 
was not sufficient in all cases to avoid treatment with 
ECMO. Thus, we could not demonstrate any differ­
ence in use of ECMO between the two treatment 
groups. Several possible reasons may account for this 
finding including: 1) lack of important clinical bene­
fit of the drug, 2) insufficient sample size to detect 
clinical benefit, 3) poor patient selection for optimal 
NO effect, 4) physician preference to pursue strate­
gies utilizing ECMO despite clinical improvement 
with NO, and 5) incomplete utilization of optimal 
ventilatory strategies to facilitate NO effect. 

It seems unlikely that NO has no clinical benefit 
whatsoever other than a transient effect on Pao2. 

Several studies, including ours, have shown sus­
tained improvement in oxygenation with N0.10- 12•14 

Severe hypoxemia is usually the main indication for 
ECMO. Along with cardiac output, oxygenation is 
the primary determinant of oxygen delivery and, 
therefore, of end organ function and clinical well 
being. If better oxygenation can be obtained without 
increased risk, it is likely to be desirable in PPHN. 
Use of NO did not prolong exposure to mechanical 
ventilation or supplemental oxygen. We did not in­
crease the risk of intracranial hemorrhage and sei­
zures. In fact, there was a tendency to observe fewer 
such events in patients treated with NO, although 
the number of patients affected was too small to 
predict improvement in neurologic outcome with 
confidence. We did not observe patients who had 
favorable transient responses, but then deteriorated 
to require ECMO support. This circumstance has 
been described more characteristically in patients 
with severe pulmonary parenchymal disease or 
lung hypoplasia rather than those predominantly 
affected by profound elevation in pulmonary vascu­
lar resistance.13- 16 
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Is it possible that within this study design, there 
was an observable effect on clinical outcome and we 
enrolled too few patients to reveal this effect? If we 
exclude patients who were randomized to receive 
NO, but who were prematurely withdrawn from NO 
therapy or never received the drug, then the differ­
ential use of ECMO (6/23 vs 8/23) still does not 
reach statistical significance. A 25% reduction in risk 
of ECMO at this rate of utilization would require 438 
patients in each group to achieve a statistical power 
of 80%. Because many centers are now using NO, 
such a study design would have little chance of 
successful completion. It is unrealistic to assume that 
a larger enrollment with the same study design and 
clinical algorithms for care would have demon­
strated differences in clinical outcome. 

Exclusion of patients with congenital diaphrag­
matic hernia and selection of patients who had clin­
ical and echocardiographic confirmation of high pul­
monary vascular resistance should have optimized 
the likelihood of beneficial response to N0.14 None­
theless, this study included patients who retrospec­
tively were thought to be unsuitable candidates for 
successful use of NO, including those with alveolar 
capillary dysplasia23 and a patient with severe left 
ventricular dysfunction.24 Better selection of patients 
may further enhance our ability to detect beneficial 
uses and effects of NO. 

It is possible in this early limited experience with 
NO, clinicians were uncertain about the clinical 
course with the drug and were inclined to utilize 
ECMO despite improvement in oxygenation. We ob­
served that the precannulation Pao2 and oxygen sat­
uration for patients who went to ECMO were better 
in the NO group. Pao2 rose to the middle 50s in NO 
patients as they were directed to ECMO, but stayed 
between 30 and 40 mm Hg among control patients 
who went to ECMO. This improvement in oxygen­
ation did not dissuade clinicians from utilizing 
ECMO during this phase of our NO experience. Our 
institution has reported a large ECMO experience 
with low mortality; new therapies may be accepted 
slowly.25 It may be argued that although patients 
who were receiving NO and cannulated for ECMO 
were still receiving an FI02 of 0.97, the median Pao2 
of 55 mm Hg before ECMO was adequate to defer 
cannulation in at least one-half of the patients. This 
idea is supported by the short time between enroll­
ment and cannulation for those patients who were 
supported by ECMO. It was also noted that NO 
patients had a tendency to undergo cannulation for 
ECMO at a slightly later time but generally within 
the first 24 hours of life. An aggressive mind set 
among clinicians toward utilization of ECMO may 
have hindered our evaluation of the clinical efficacy 
of NO but may also have accounted for the low 
incidence of chronic lung disease among our pa­
tients; no patient was discharged to home on supple­
mental oxygen. 

It is most likely in our opinion that the study 
design of this investigation precluded the optimal 
effect of NO by excluding the concomitant use of 
HFOV with NO in any patient, including those with 
findings of pulmonary parenchymal disease and loss 

of lung volume on chest radiograph. As has been 
suggested by Abman and Kinsella26 and others, lung 
recruitment strategies facilitated by HFOV ventila­
tion may enhance the efficacy of NO. With this in 
mind, our protocol was reevaluated after 2 years of 
enrollment when this interim analysis was con­
ducted. NO is now used in conjunction with HFOV 
when clinically indicated. 

Limitations 

Some limitations of the study have already been 
mentioned. The exclusion of HFOV and the low 
power to detect small differences in clinical out­
comes are apparent. 

The trial was unmasked which may introduce ob­
server bias. Although it is possible that investigators 
may be biased toward overstating the benefits of the 
therapy, the timing of the first hemodynamic record 
and blood gas sampling was rigidly enforced at 15 
minutes and 1 hour and then subsequently left to the 
execution of the bedside clinicians according to pre­
set times. Thus the measures of oxygenation were 
objective and less susceptible to bias. On the other 
hand, the purported rapid onset of action of NO may 
lead more easily in an unmasked trial to premature 
and incorrect clinical assumption of treatment fail­
ure.12·17 Investigators have recently suggested that 
the clinical benefit of NO may be manifest through­
out several hours. An unmasked trial may permit 
clinicians to condemn slow responders to a category 
of failure to respond after a few minutes of NO 
therapy and therefore reinforce the perceived need 
for ECMO. Although indications for ECMO may be 
reasonably stated to include a sustained 01 >40, 
many factors play a role in the timing and utilization 
of this resource. 

We did not investigate the dose response relation­
ship for NO nor did we establish the minimum ef­
fective dose of this drug. Based on earlier animal and 
human infant experience, we chose the initial dose of 
80 ppm as the likeliest tolerable dose of NO able to 
achieve maximal pulmonary vasodilation.s·27·28 

Methemoglobinemia was observed in 1 patient 
who was the only patient who could not be weaned 
from 80 ppm. This patient had postmortem evidence 
of alveolar capillary dysplasia. All other patients tol­
erated reduction in NO dose to 40 ppm. Although 
nitrogen dioxide levels did not exceed 3.5 ppm in 
any patient, these measurements were performed 
with chemiluminescence technique before our appre­
ciation that quenching effects in high oxygen envi­
ronments may contribute to falsely low (or even 
negative) measurements of nitrogen dioxide.21 Mod­
ification of chemiluminescence technology for clini­
cal use, along with improvements in electrochemical 
detection devices may be combined with the use of 
40 ppm or lower doses of NO, to minimize toxicity 
without significant compromise of any potential 
therapeutic efficacy.29 Nonetheless, the full range of 
potential toxicity of NO and its metabolites such as 
peroxynitrite, and the potential effects of adverse 
interaction with free radical scavenging among nor­
mal processes in immature and diseased lungs, have 
not been fully tested. This will require further study 
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with randomized trials which implement appropri­
ate follow-up of patients and do not permit crossover 
of treatment. 

Finally, we have seen that mortality for reversible 
causes of PPHN is low in an ECMO center. At most, 
2 and probably only 1 patient in this series died with 
reversible pulmonary hypertension. This low event 
rate will make it unlikely that mortality is a realistic 
outcome variable for single-center randomized trials 
of the efficacy of NO in PPHN. Considering the 
potential to achieve zero mortality in this disease, 
centers without ECMO capability may need to re­
evaluate the timing of patient referrals, especially if 
withdrawal of NO (during transport) may be associ­
ated with rebound pulmonary hypertension.30 

The improvement in oxygenation and low inci­
dence of identifiable side effects with inhaled NO in 
this study encouraged us to proceed with continued 
randomization in a second phase of the trial using 
lower NO doses and combined therapy with NO and 
HFOV when indicated. This phase has just been com­
pleted and confirms the value of HFOV. These and 
other studies will be required before one can con­
clude with certainty whether NO improves outcome 
in patients with PPHN. 
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Inhaled Nitric Oxide in the Neonate With 
Cardiac Disease 
Andrew M. Atz and David L. Wessel 

As a selective pulmonary vasodilator, inhaled nitric oxide is an important diagnostic and therapeutic 
agent for the treatment of pulmonary hypertension in patients with congenital heart disease. Among 
400 patients treated in our center with nitric oxide, 37% were newborns. Hemodynamic benefit was 
shown in newborns with total anomalous pulmonary venous connection, in those with congenital 
mitral stenosis, and in postoperative patients with preexisting left to right shunts and other lesions. 
It can be used to help discriminate anatomic obstruction to pulmonary blood flow from pulmonary 
vasoconstriction, and it may be used in the treatment or prevention of pulmonary hypertensive crises 
after cardiopulmonary bypass. However, none of the purported benefits of inhaled nitric oxide in 
children with congenital heart disease have been studied in a randomized, placebo-controlled manner. 
Copyright© 1997 by W.B. Saunders Company 

Pulmonary Hypertension and Congenital 
Heart Disease 

Prevalence 

A mong causes of infant mortality in the 
United States, congenital anomalies ac­

count for the largest diagnostic category, and 
structural heart disease leads the list of congeni­
tal malformations.1 Approximately one third of 
pediatric intensive care admissions are for chil­
dren with cardiovascular disorders. 2 Compared 
with the number of adults with coronary and 
rheumatic heart disease, the number of Ameri­
cans with congenital heart disease is relatively 
small, but one quarter of this number are suffi­
ciently affected by the disease to require inter­
vention within the first month oflife.3 The num­
ber of neonates with pulmonary hypertensive 
disorders further complicating their congenital 
heart disease is difficult to precisely quantify, but 
likely represents about 25% of those who require 
early intervention.4 Their severity of illness, de­
mand on resources, and the previously limited 
success of therapeutic options have focused at­
tention on this population of patients. 

Importance 

Pulmonary hypertension is often a crucial factor 
in determining the timing or type of interven­
tion, and has been invoked as the primary deter­
minant of mortality in many lesions.5

'
6 The as­

sessment of pulmonary vascular reactivity forms 
an important part of the preoperative and post­
operative management of patients with congeni-

tal heart disease. A fixed elevation in pulmonary 
vascular resistance may deny them the chance of 
corrective surgery with the subsequent develop­
ment of progressive obliterative pulmonary vas­
cular disease and severely reduced life-expec­
tancy. Children with congenital heart disease are 
frequently cyanotic and have multiple intracar­
diac shunts, often coexisting with varying de­
grees of right or left ventricular outflow tract 
obstruction. Intravenous vasodilators with their 
attendant risks of hypotension and increased in­
trapulmonary shunt may be not only hazardous, 
but yield results that confound analysis of the 
reactivity of the pulmonary vascular bed. 

The Neonate With Congenital Heart 
Disease 

Effects of Cardiopulmonary Bypass 

Only a few years ago, it was considered heretical 
that a child with congenital heart disease should 
be electively repaired ·with a single primary pro-
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cedure during the first few days of life using car­
diopulmonary bypass. Criticism of this approach 
focused not only on the technical capabilities 
of the surgeon, but on the adverse effects of 
cardiopulmonary bypass on the neonatal myo­
cardium. Furthermore, concerns existed that se­
vere pulmonary hypertension, activated by car­
diopulmonary bypass, would compromise 
postoperative hemodynamic stability. Today, sur­
gical correction of congenital heart disease, in 
contrast to palliation with shunts or pulmonary 
artery bands, has been extended to the neonate; 
surgical correction is emerging as the preferred 
approach to many defects in most major cen­
ters. 7•

8 However, peri operative care of the new­
born and infant does require an appreciation of 
the relative intolerance of the immature myocar­
dium to increased afterload. The right ventricle 
must face the potential challenges of the transi­
tional pulmonary circulation rendered ischemic 
and reactive by cardiopulmonary bypass, while 
simultaneously coping with impaired ventricular 
function caused by the adverse effects of bypass. 
Aside from the consequences of cardiopulmo­
nary bypass, aortic cross-clamp time, routine use 
of deep hypothermia and cardioplegia solutions, 
many congenital heart defects (eg, tetralogy of 
Fallot, truncus arteriosus, pulmonary atresia) re­
quire a right ventriculotomy as part ofthe repair. 
Thus, it is imperative that one minimize right 
ventricular afterload during the early postopera­
tive hours while the ischemic-reperfusion injury 
transiently depletes myocardial reserve and car­
diac output normally declines.9 

Causes of Pulmonary Hypertension 

The neonatal pulmonary vasculature may be ex­
tremely labile. Remodeling of the vessel wall, 
functional maturation of the endothelial cell, 
differentiation of the smooth muscle cell, release 
of vasoactive mediators, and vessel recruitment 
all contribute to the successful transition from 
fetal to neonatal pulmonary circulation. The 
child with congenital heart disease and pulmo­
nary hypertension has abnormal postnatal vessel 
remodeling.10 Prolonged exposure to high pul­
monary blood flow under conditions of high 
pressure will accelerate the pathological progres­
sion to less reversible states. Thus early surgical 
repair has been advocated to prevent later pul­
monary vascular obstructive disease. 11

•
12 Neona­

tal cardiac surgical repair achieves earlier and 

more normal pulmonary vascular maturation. It 
seems to reduce but not abolish the incidence 
of problematic postoperative pulmonary hyper­
tension.12 

Several factors attributable to cardiopulmonary 
bypass may raise pulmonary vascular resistance: 
microemboli, platelet aggregation, complement 
activation, pulmonary leukosequestration, excess 
thromboxane and endothelin production, atelec­
tasis, and hypoxic pulmonary vasoconstriction 
among others. Furthermore, prior data would sug­
gest that preoperative conditioning of the pulmo­
nary vascular bed, perioperative vasospastic stim­
uli, increased postoperative adrenergic tone, 
along with damage to the pulmonary endothe­
lium likely combine to increase pulmonary vascu­
lar resistance after cardiopulmonary bypass. The 
effect may be insidious, expressed over several 
hours as low cardiac output and right heart fail­
ure, or more acutely as pulmonary hypertensive 
crises. Pulmonary hypertensive crises are dramatic 
events that threaten the life of an infant despite 
a good surgical repair. 13

'
14 In such situations, the 

pulmonary artery pressure increases to systemic 
or suprasystemic levels, the systemic blood pres­
sure falls and the arterial oxygen saturation de­
creases. In a report of a series from one large 
center, half of the postoperative cardiac children 
who had pulmonary hypertensive crises died dur­
ing their hospitalization.4 

Inhaled NO: Measuring the Response 

The first investigations of pulmonary vasodila­
tion with NO in adults were quickly followed by 
several clinical reports of inhaled NO aimed at 
the transitional circulation of the newborn and 
children with congenital heart disease. Success­
ful clinical trials of inhaled NO have been con­
ducted among patients with persistent pulmo­
nary hypertension of the newborn (PPHN).15

•
16 

However, direct measurement of pulmonary ar­
tery pressure is rarely undertaken in patients 
with PPHN or in other forms of neonatal respira­
tory failure. Effects of NO treatment on pulmo­
nary hypertension may be inferred from changes 
in systemic oxygenation only when hypoxia re­
sults from right to left shunting across the ductus 
arteriosus or foramen ovale. Even then, oxygen­
ation is an indirect and ambiguous measure of 
the effect of treatment on pulmonary vascular 
resistance. The analysis is further confounded 
when severe pulmonary parenchymal disease 
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coexists with pulmonary hypertension. In this 
setting, systemic oxygenation may improve with 
inhaled vasodilators by enhancing ventilation­
perfusion matching. 17 Pulmonary artery pressure 
is often monitored directly in the neonate and 
infant with congenital heart disease. This popu­
lation affords us a unique opportunity to directly 
record the hemodynamic effects of initiation 
and withdrawal of inhaled NO. 

Clinical Studies 

We will review the current literature regarding 
the use of inhaled NO in congenital heart dis­
ease, focusing on neonates. We first present stud­
ies that used nitric oxide as a means to identify 
endothelial dysfunction resulting from cardio­
pulmonary bypass and then suggest how NO may 
benefit cardiac patients with combined problems 
of pulmonary hypertension and acute respira­
tory failure. We will review its therapeutic utility 
in perioperative patients with pulmonary hyper­
tension, and its use as a diagnostic tool to distin­
guish between neonates with reactive pulmonary 
vasoconstriction and those with right ventricular 
hypertension resulting from anatomic obstruc­
tion to pulmonary blood flow. We will also ex­
plore its use and limitations in patients with sin­
gle ventricle physiology and discuss potential 
adverse effects as pertains to cardiac disease. Fi­
nally, we will consider the potential benefits of 
longer-term administration of NO to facilitate 
growth and remodeling of the abnormal pulmo­
nary vasculature in unusual forms of idiopathic 
pulmonary hypertension identified in early in­
fancy. 

Age Distribution 

By I997, we had studied the clinical response to 
inhaled NO in more than 400 patients at a single 
center. Nearly two-thirds of these patients exhib­
ited pulmonary hypertension associated with 
congenital heart disease. Thirty-seven percent 
were younger than I month of age and the ma­
jority were less than l year (Fig l), reflecting the 
bias toward early surgical repair of congenital 
heart defects at Children's Hospital, Boston7 and 
the perceived benefit of NO for PPHN. 

Endothelial Dysfunction Mter 
Cardiopulmonary Bypass 

Pulmonary vascular endothelial dysfunction con­
tributes to post-cardiopulmonary bypass pulmo-

nary hypertension. The degree of pulmonary hy­
pertension correlates with the extent of damage 
to the pulmonary endothelium after cardiopul­
monary bypass. Reactivity of the pulmonary vas­
cular bed is related to the presence and degree 
of preoperative pulmonary hypertension, magni­
tude of preoperative left to right shunts, and 
duration of bypass. On cardiopulmonary bypass, 
pulmonary blood flow is supplied only by the 
vasovasorum via the bronchial circulation, which 
may be inadequate to prevent ischemic damage 
to the endothelium and subsequently compro­
mise endogenous production of nitric oxide. We 
hypothesized that transient pulmonary vascular 
endothelial ce11 dysfunction could be shown in 
neonates and older children by documenting 
the loss of endothelium dependent vasodilation 
during the immediate postoperative period. 

We recorded hemodynamic variables after a 
2-minute infusion of the endothelium depen­
dent vasodilator, acetylcholine, at a concentra­
tion of 10-6M and after inhalation of the endo­
thelium-independent smooth muscle relaxant, 
NO inhaled at 80 parts per million (ppm) .18 The 
two agents were compared in patients with pul­
monary hypertensive congenital heart disease 
before and after surgical repair on cardiopulmo­
nary bypass. Plasma levels of cyclic GMP were 
measured before and after acetylcholine and NO 
administration. Pulmonary vasodilation to acetyl­
choline was present preoperatively but attenu­
ated postoperatively, while response to inhaled 
nitric oxide was present both preoperatively and 
postoperatively. Baseline mean pulmonary artery 
pressure decreased 27% ± 4% preoperatively 
but only 9% ± 2% postoperatively with acetyl­
choline. However, after the attenuated response 
to acetylcholine was shown, postoperative inhala­
tion of NO immediately lowered mean pulmo­
nary artery pressure by 26% ± 3% (Fig 2). Simi­
larly, baseline pulmonary vascular resistance 
decreased 46% ± 5% in preoperative patients, 
but declined only II% ± 4% in postoperative 
patients with acetylcholine. Inhalation of NO 
after acetylcholine infusion lowered pulmonary 
vascular resistance postoperatively by 33% ± 4%. 
This suggested that the functional integrity of 
the smooth muscle was intact in the presence of 
endothelial dysfunction resulting from cardio­
pulmonary bypass. Elevated pulmonary vascular 
resistance from atelectasis, microemboli, platelet 
plugging of vessels or other fixed obstructive 
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processes could not be invoked as the cause of 
the blunted response to acetylcholine because 
resistance decreased so dramatically with NO. 
Plasma levels of cGMP in postoperative patients 
were unchanged after acetylcholine, but in­
creased more than threefold during pulmonary 
vasodilation with NO. This finding was consistent 
with the purported role of cGMP as the second 
messenger effecting smooth muscle relaxation. 
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Figure l. Age analysis of 
405 consecutive patients 
who received inhaled NO at 
Children's Hospital, Bos­
ton. 

This study suggested that cardiopulmonary 
bypass is responsible for pulmonary endothelial 
dysfunction. This focused attention on the endo­
thelium as an important organ to address in the 
management of pulmonary hypertension. It also 
highlighted the potential importance of main­
taining at least some antegrade flow from right 
ventricle into pulmonary arteries during extra­
corporeal membrane oxygenation (ECMO). 

p < .002 p < .0003 

Figure 2. The percentage 
change in mean pulmonary 
artery pressure (PA) with 
acetylcholine (ACH) in pre­
operative and postoperative 
patients. The vasodilator re­
sponse is attenuated with 
ACH but retained with NO 
in the postoperative period. 
(Reprinted with permission 
from Wessel DL, et al: Use 
of inhaled nitric oxide' and 
acetylcholine in the evalua­
tion of pulmonary hyper­
tension and endothelial 
function after cardiopulmo­
nary bypass. Circulation 
88:2128-2138, 1993.18 Copy­
right 1993 American Heart 
Association.) 
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The heart should be permitted to eject some 
flow into the pulmonary arteries rather than 
allowing ECMO to provide total cardiopulmo­
nary bypass for several hours or days. These early 
findings further suggested an important diagnos­
tic and therapeutic role that inhaled nitric oxide 
might play as a result of its selective pulmonary 
vasodilation with minimal systemic side effects 
in children with congenital heart disease. 

Acute Respiratory Failure Mter 
Cardiopulmonary Bypass 

Pulmonary parenchymal disease may coexist 
with heart disease in the newborn. It complicates 
evaluation and treatment of the child. In some 
instances, structural abnormalities in the heart 
produce pulmonary venous hypertension, flood 
the alveoli with pulmonary edema fluid, and in­
duce severe intrapulmonary and extrapulmo­
nary right to left shunting of blood. 

Examples of this phenomenon include the 
child born with transposition of the great arter­
ies and intact ventricular and atrial septa. In this 
example, inadequate mixing of blood occurs si­
multaneously with extreme elevation in left atrial 
pressure. Pulmonary venous oxygen desatura­
tion may critically lower the systemic oxygen lev­
els further in this cyanotic heart disease. Immedi­
ate performance of a balloon atrial septostomy 
is essential, but may not instantly correct the pul­
monary parenchymal abnormalities and alveolar 
hypoxia. 19 Treatment with inhaled NO may ad­
dress ventilation-perfusion abnormalities in this 
circumstance as well as lower the still reactive 
pulmonary artery pressure. Reports have sug­
gested that use of NO may obviate the need for 
ECMO in some such circumstances by accelerat­
ing improvements in gas exchange as well as he­
modynamic recovery.20

·
21 

Transient acute respiratory failure may occur 
in other instances after cardiopulmonary bypass, 
notably after lung transplantation in children. 
Here the ischemic injury to the endothelium is 
exaggerated after hours of cold ischemic preser­
vation of the donor lung. The lung parenchyma 
is irJu:red such th.at transient graft dysfunction 
characterized by lung consolidation, decreased 
lung compliance, hypoxia, and pulmonary hy­
pertension may plague the patient postopera­
tively. Again in this clinical scenario, the injured 
lung vasculature is unresponsive to the endothe­
lium-dependent vasodilators but highly respon-

sive to inhaled nitric oxide.22 Pulmonary artery 
pressure decreased precipitously with treatment, 
but more importantly, Pa02 increased dramati­
cally (Fig 3). 

In the presence of increased pulmonary vas­
cular tone, patients with large intrapulmonary 
shunts respond to inhaled vasodilators with a 
reduction in intrapulmonary shunt fraction and 
improved systemic oxygenation. This contrasts 
with traditional intravenous vasodilators, which 
are prone to override hypoxic pulmonary vaso­
constriction and worsen ventilation/perfusion 
abnormalities. Evidence now exists that NO can 
be administered to the donor lung to enhance 
preservation during storage and transport to the 
recipient.23

'
24 Although neonatal lung trans­

plantation is a rare procedure, other forms of 
respiratory failure in newborns after cardiopul­
monary bypass are more commonly encoun­
tered. Overwhelming pneumonia is a devastating 
complication that may be exacerbated by cardio­
pulmonary bypass. Mild infectious pneumonitis 
or bronchiolitis in the young preoperative infant 
can turn to life-threatening respiratory failure 
during postoperative recovery. As an inhaled va­
sodilator, NO therapy addresses both aspects of 
the disease: pulmonary hypertension and hyp­
oxia. Inhaled NO, by virtue of its antioxidant 
effects, inhibition of unwanted platelet aggrega­
tion and suppression of deleterious inflamma­
tory responses during reperfusion injury, may 
even have a role in routine prophylactic use for 
all patients at risk of postbypass respiratory com­
plications. 

NO or ECMO Mter Cardiopulmonary 
Bypass 

ECMO support for severe cardiopulmonary fail­
ure after cardiac surgery in newborns and chil­
dren has been advocated in many centers.25

•
26 

Because postoperative pulmonary hypertension 
after reparative cardiac operations is believed to 
be life-threatening, yet reversible, NO treatment 
in this condition may diminish the need for 
ECMO. Certainly,Journois et al have shown the 
value of NO in the treatment of acute puimonary 
hypertensive crises.27 Goldman et al described 6 
of 10 patients who met institutional ECMO crite­
ria, but were managed with NO instead and sur­
vived to hospital discharge.21 This compares fa­
vorably with published survival rates in 
postcardiotomy patients supported by ECMO. 25 
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Figure 3. The effect of 80 
ppm NO in six patients with 
transient graft dysfunction 
after lung transplantation. 
Pulmonary artery pressure 
(PAp), pulmonary vascular 
resistance (PVRI), and intra­
pulmonary shunt fraction 
(Qs/Qt) decreased signifi­
cantly and Pa02 increased. 
(Adapted and reprinted with 
pennisssion from Adatia I, 
Wessel DL: Therapeutic use 
of inhaled nitric oxide. Curr 
Op Pediatr 6:583-590, 1994.) Baseline 

Although there are no randomized trials exam­
ining the benefit of NO among cardiac patients, 
this information suggests that a trial of inhaled 
NO should be considered in these patients be­
fore cannulation for ECMO. 

Total Anomalous Pulmonary Venous 
Connection 

Infants with total anomalous pulmonary venous 
connection (TAPVC) frequently have obstruc­
tion of the pulmonary venous pathway as it con­
nects anomalously to the systemic venous circula­
tion. When pulmonary venous return is 
obstructed preoperatively, pulmonary hyperten­
sion is severe and demands urgent surgical relief. 
Increased neonatal pulmonary vasoreactivity, en­
dothelial injury induced by cardiopulmonary by­
pass/8 and intrauterine anatomic changes in the 
pulmonary vascular bed in this disease28 contrib­
ute to postoperative pulmonary hypertension. 
We hypothesized that infants with anatomically 
obstructed TAPVC would have a high occur­
rence rate of postoperative pulmonary hyperten­
sion, and that their pulmonary vascular bed 
could be selectively dilated with inhaled NO. 
Our aim was to define the incidence of postoper­
ative pulmonary hypertension in infants with 
TAPVC and to describe the hemodynamic effects 
of initiation and withdrawal of inhaled NO in 
those postoperative patients with pulmonary hy­
pertension. Twenty infants presented with iso­
lated TAPVC over a 3-year period and were mon­
itored for pulmonary hypertension. Nine 
patients had postoperative pulmonary hyperten-

NO 

sion treated with a 15-minute trial of inhaled 
NO at 80 ppm. Five patients received prolonged 
treatment "'ith NO at 20 ppm or less (median 
28 hours, range 12 to 71 hours). 

vVe showed a mean percentage decrease of 
42% in pulmonary vascular resistance and 32% 
in mean pulmonary artery pressure.29 There was 
no significant change in heart rate, systemic 
blood pressure, or vascular resistance. Although 
not statistically significant, cardiac index in­
creased by 10% (Fig 4). 

Congenital Mitral Stenosis 

We examined the effect of inhaled NO at 80 
ppm for 15 minutes in 15 children with pulmo­
nary hypertension and congenital mitral stenosis 
to assess the extent of reversible pulmonary vaso­
constriction.30 Mean pulmonary artery pressure 
decreased from 42 ± 2 to 30 ± 2 (P < .05) 
during NO inhalation. Pulmonary vascular resis­
tance declined from 5.8 ± 0.7 to 2.9 ± 0.4 U · m 2 

(P < .05) (Fig 5). Cardiac index, left and right 
atrial pressure, mean systemic blood pressure, 
heart rate, systemic vascular resistance, Pa02 , 

and calculated intrapulmonary shunt fraction 
were not changed. Selective pulmonary vasodila­
tion occurred in all patients, proving the pres­
ence of a significant reactive component of pul­
monary hypertension in this disease. Prolonged 
therapy with inhaled NO facilitated the manage­
ment and recovery of 4 patients. It is particularly 
useful adjunctive therapy during awakening and 
extubation when pulmonary hypertension wors­
ens and predisposes patients to pulmonary 
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Figure 4. Percentage change 
in hemodynamic variables 
from baseline during 15 
minutes of NO at 80 ppm 
in 9 patients with TAPVC. 
There is marked specificity 
for the pulmonary circula­
tion. 

Percent Change in Variable 
Compared to Baseline 

edema. The vasoreactivity is greater than pre­
viously reported in adults with acquired mitral 
stenosis. 31

'
32 This may be due to the particular 

sensitivity of pulmonary veins to inhaled NO 
when pulmonary venous hypertension has been 
present since birth. 

We have found patients with TAPVC, congeni­
tal mitral stenosis, and other pulmonary venous 
hypertensive disorders to be the most responsive 
to NO. These infants are born with significantly 
increased amounts of smooth muscle in their 
pulmonary veins. 33

•
34 Histological evidence of 

muscularized pulmonary veins as well as pulmo­
nary arteries35 suggest the presence of vascular 

12 

10 

-C\J 8 E • ~ 
6 -cr:: 

> 
0.. 4 

2 

0 
Baseline 

tone and capacity for change in resistance at 
both the arterial and venous sites. The increased 
responsiveness obsetved in younger patients with 
pulmonary venous hypertension to NO may re­
sult from pulmonary vasorelaxation at a combi­
nation of pre and postcapillary vessels.30

•
36 

Anatomic Obstruction Versus Pulmonary 
Vasoconstriction 

As we have discussed, even if a neonatal cardiac 
operation is successfully performed, endothe­
lium-dependent pulmonary vascular relaxation 
is impaired after cardiopulmonary bypass and 
the postoperative course may be complicated by 

p<.05 

NO (BOppm) 

Figure 5. The effect of 80 
ppm NO on pulmonary vas­
cular resistance (PVR) in 
patients with congenital mi­
tral stenosis. PVR decreased 
fmm baseline in all pa­
tients. (Reprinted with per­
mission of the publisher 
from Atz AM, et al: Inhaled 
nitric oxide in children ·with 
pulmonary hypertension and 
congenital mitral stenosis. 
Am J Cardiol 77:316-319, 
1996.3° Copyright 1996 bv 
Excerpta Medica Inc.) 
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transient pulmonary hypertension. A.s shown 
previously, pulmonary vasoconstriction in the 
postoperative newborn is exquisitely responsiYe 
to inhaled NO. However, reactive pulmonary Ya­
soconstriction may not be the only cause of ele­
vated pulmonary artery and right ventricular 
pressures. Differentiation between pulmonary 
vasoconstriction and anatomic obstruction to 
pulmonary blood flow may be difficult, especially 
in neonates. Branch pulmonary artery stenosis, 
hypoplastic distal pulmonary arteries, or iatro­
genic causes of obstruction to pulmonary blood 
flow may be reflected in elevated pressure in the 
main pulmonary artery. A definitive diagnosis 
may require invasive and potentially dangerous 
investigation of the circulation. 

We therefore proposed to use inhaled NO 
diagnostically in neonates with pulmonary hy­
pertension after cardiac surgery to discern those 
with reversible vasoconstriction. Nine of 15 pa­
tients responded to a 15-minute trial with a re­
duction in mean pulmonary artery pressure from 
35 ::!:: 4 to 26 ± 4 mm Hg and pulmonary vascular 
resistance from 17 ± 6 to 10 :t 4 U · m 2

• There 
were insignificant changes in systemic hemody­
namics. Two patients received prolonged ther­
apy with inhaled NO after the initial trial. In 
both cases the use of continuous low dose (3 to 
10 ppm) NO allowed management of the pulmo­
nary artery pressure, without episodic increases, 
and optimization of the right ventricular 
afterload. It was also possible to wean ventilatory 
support and decrease sedation unpunctuated by 
increases in pulmonary artery pressure (Fig 6). 

Six patients did not respond to inhaled NO 

-4 

18 

PA (mmHg) 
Sys = 25 
Mean= 15 
Dia = 10 

0 hr 

Figure 6. Bedside tracing 
of pulmonary artery pres­
sure (PA) (systolic, mean, 
diastolic) with NO dose and 
duration of therapy on bot­
tom. PA pressure decreased 
during 80 ppm trial. Vasodi­
lation was sustained with 10 
ppm NO for 18 hours of 
therapy. 

with either a decrease in proximal pulmona1y 
artery pressure or an increase in systemic oxygen 
saturation. In each of these patients subsequent 
inYestigation, prompted by the failed response 
to inhaled NO, showed anatomic obstruction to 
pulmonary blood flow. Thus, failure of the post­
operative newborn with pulmonary hyperten­
sion to respond to NO successfully discriminated 
anatomic obstruction to pulmonary blood flow 
from pulmonary vasoconstriction. Judicious use 
of a trial of inhaled NO may be of value to rule 
out pulmonary vasoconstriction and redirect in­
vestigation toward reassessment of the surgical 
result. Failure of the patient to show response to 
NO should be regarded as strong evidence of 
anatomic and possibly surgically remediable ob­
struction. 

Other Lesions 

Successful use of inhaled NO in a variety of con­
genital heart defects after cardiac surgery has 
been reported by several groups.20

•
2
i·

37
"
41 Selec­

tive pulmonary vasodilation has been docu­
mented after surgical repair of ventricular septal 
defects, atrioventricular septal defects, transposi­
tion of the great arteries, total anomalous pulmo­
nal)' venous connection, and other structural 
heart defects. Some studies suggest that there is 
a correlation between the response to NO and 
the extent of preoperative pulmonary hyperten­
sion.38·39 Synergistic use of NO with aerosolized 
or intravenous prostacyclin,42

'
43 atrial natriuretic 

peptide,44 dipyridamole,45
'
46 or specific type V 

phosphodiesterase inhibitors holds considerable 
promise for more effective control of pulmonary 
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hypertension in infants with congenital heart dis­
ease. 

Single Ventricle 

Pulmonary blood flow in the newborn v-.ith a 
single ventricle and no anatomic obstruction of 
flow to the lungs may become excessive as pul­
monary vascular resistance decreases after birth. 
A pulmonary artery band may be applied to limit 
pulmonary over circulation while the child grows 
and the lungs mature. More complex single ven­
tricle anatomy with pulmonary or aortic valve 
atresia requires that reliable pulmonary blood 
flow be established surgically with a systemic to 
pulmonary artery shunt that is sufficiently restric­
tive to prevent congestive heart failure but ade­
quate to permit oxygenation. Later during in­
fancy, when pulmonary resistance has safely 
declined, a cavopulmonary anastomosis (ie, a bi­
directional Glenn or later, a modified Fontan 
procedure) can be attempted as a more hemody­
namically efficient method of providing pulmo­
nary blood flow. If there is excessive cyanosis in 
the newborn after placement of a systemic to 
pulmonary artery shunt (eg, Blalock-Taussig), it 
is tempting to attribute the hypoxemia to pulmo­
nary vasoconstriction. Indeed we have observed 
dramatic improvements in oxygenation in some 
of tl1ese newborns when NO is delivered. How­
ever, it is far more common for the reduction 
in pulmonary blood flow to result from a kinked 
or othe1wise obstructed shunt that requires sur­
gical revision 47 (Fig 7). 

As a prelude to potential use of the cavopul­
monary anastomosis in the newborn, we studied 
infants (2 to 8 months old) with refractory cyano­
sis after a bidirectional Glenn anastomosis. 48 Al­
though median baseline oxygen saturation was 
only 65%, administration of inhaled NO pro­
vided minimal improvement in oxygenation. 
One child with respiratory syncytial virus bron­
chiolitis showed significant improvement in oxy­
genation, but NO did not substantially change 
systemic oxygenation or tile transpulmonary 
pressure gradient in any other patient. Satura­
tions and Pa02 did not change despite the fact 
that there was a fivefold increase in plasma cyclic 
GMP production, suggesting that inadequate 
NO delivery or failure of guanylate cyclase activa­
tion could not explain the lack of therapeutic 
effect. We have extended these observations to 
nearly 30 patients. This suggests that the pulmo-

Figure 7. Anterior-posterior (A) and lateral (B) angio­
grams taken in a neonate with severe cyanosis and 
shunt-dependent pulmonary blood flow who failed to 
respond to inhaled NO. The arrow points to a discrete 
shunt narrowing that required surgical revision. 

nary vascular bed in the newborn after a bidirec­
tional Glenn will not be limited by pulmonary 
vasoconstriction, but rather by other regulatory 
mechanisms. Rather tl1an refractory pulmonary 
vascular tone, it is likely that the limiting factor 
is pulmonary vascular cross-sectional area insuf­
ficient in the newborn to permit adequate pas­
sive blood flow through the lungs. Alternative 
treatment strategies may combine agents to ac­
celerate postnatal growth of vessels for several 
days before a planned operation and then use 
NO postoperatively to avoid reactive pulmonary 
vasoconstriction. 
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Although not directly applicable to the new­
born, the modified Fontan procedure is the ulti­
mate reconstructive surgery for patients with a 
single ventricle. The Fontan physiology succeeds 
only with very low pulmonary vascular resistance, 
because flow through the lungs is conducted pas­
sively without a pumping chamber. NO has been 
used to considerable advantage by Macrae et al 
in the postoperative management of these pa­
tients.49 

Chronic NO Use 

Although outpatient use ofinhaled NO has been 
reported in a small number of adults, its use 
in younger patients with heart disease or as a 
therapeutic bridge to lung or heart lung trans­
plantation is largely unstudied. NO inhibits 
smooth muscle growth and matrix protein syn­
thesis in the extracellular matrix. It also reduces 
hypoxic remodeling in the rat lung,5

0-
53 sug­

gesting that it might have a salutary effect on 
scarring or pathological remodeling in the hu­
man lung. We hypothesized that the antioxidant 
and antiproliferative effects of NO combined 
with its antihypertensive action might provide 
a theoretical basis for prolonged treatment of 
idiopathic pulmonary hypertension. This might 
be particularly applicable to infants, who by vir­
tue of their young age, have substantial capacity 
for smooth muscle regression, alveolar growth, 
and angiogenesis. We treated three infants 
younger than 3 months old who had severe unex­
plained pulmonary hypertension (biopsy-proven 
and presumed to be fatal) with a 25-day treat­
ment regimen including inhaled NO. At the end 
of the treatment period, they had significantly 
lower (nearly normal) pulmonary artery pres­
sures without recurrence of pulmonary hyper­
tension during 3 to 22 months of follow-up. Al­
though no conclusion can be drawn from such 
limited experience, it has prompted us to reeval­
uate our notion about presumed irreversibility 
of "primary" pulmonary hypertension earlv in 
lifu. . 

Adverse Effects 

Rebound Pulmonary Hypertension 

We observed in all patients \ .. i.th TAPVC after 
prolonged treatment with NO that a transient 
elevation in pulmonary artery pressure routinely 

occurred when NO was successfully discontinued 
(Fig 8). Previous reports have described the 
abrupt return of pulmonary hypertension to sys­
temic levels when NO was temporarily discon­
tinued. ·when this phenomenon occurs very 
early in the postoperative course, and is accom­
panied by systemic hypotension and hypoxia, 
one is inclined to ascribe the changes to persis­
tence of the underlying pulmonary hypertensive 
disorder. ·we described a somewhat different 
phenomenon. After several hours (12 to 72) of 
postoperative treatment and recovery NO could 
be discontinued, but a transient increase in pul­
monary artery pressure was always observed. Dur­
ing the first minutes after successful NO with­
drawal, pulmonary artery pressure increased 
moderately (peak effect 7 :t 3 minutes after with­
drawal) and then declined to very low levels with­
out impact on systemic hemodynamics. These 
changes were complete """i.thin 1 hour of with­
drawal and were not attributable to any change 
in "entilation or pharmacological suppon.29 

Rebound pulmonary hypertension is not 
unique to inhaled vasodilators, but its causes are 
unclear. Negative feedback inhibition by exoge­
nous NO has been postulated to account for this 
observation and shown to exist for inducible54 

and endothelial55 NO synthase in vitro. NO do­
nor agents inhibit endothelial NO biosynthesis 
in bovine arterial ring preparations by an appar­
ent negative feedback on endothelial NO syn­
thase. The arterial rings recovered respon­
siveness to endothelium-dependent relaxing 
agents within 30 to 40 minutes of withdrawing 
the NO donor agent, similar in timing to our 
witnessed rebound.56 Decreased endogenous 
production of exhaled NO from smokers could 
also support a negative feedback theory.57 

Alternatively inhaled NO may play an un­
known role in the modulation of endogenous 
pulmonary vasoconstrictors. It is reported that 
after abrupt withdrawal of nitroprusside (an NO 
donor), a transient rebound phenomenon ex-
. 58 A d' I Ists. ccor mg y, one could hypothesize that 
pulmonary vasodilation by NO provoked second­
ary production or activation of vasoconstrictors. 
With the short half-life of NO, abrupt discontinu­
ation allowed a brief period of unopposed vaso­
constriction until stimulation of endogenous va­
sodilators or change in the stimulus for 
vasoconstriction achieved a new balance of vaso­
motor tone. A third alternative is that exposure 
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Figure 8. Bedside tracings 
of pulmonary artery (PA) 
pressure (systolic, mean, di­
astolic) for 5 patients (Pt) 
with TAPVC receiving pro­
longed NO plotted against 
time. Cursor represents 
time of withdrawal of NO; 
pulmonary artery pressures 
at time of withdrawal are 
displayed to the right of 
each tracing. In each pa­
tient a transient increase is 
observed, which dissipates 
without reinstitution of 
NO. (Reprinted with per­
mission from the Society of 
Thoracic Surgeons [The 
Annals of Thoracic Surgery, 
1996, Vol 62, pp 1759-
1764].29) 
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to exogenous NO altered membrane receptor 
conformation in vascular smooth muscle which 
reconfigured within 30 to 60 minutes after NO 
was withdrawn. 

Rebound hypertension confounds assessment 
of whether postoperative pulmonary hyperten­
sion has resolved. NO therapy may be prolonged 
unnecessarily if clinicians are unaware that a 
moderate increase in pulmonary artery pressure 
on withdrawal may be transient and well toler­
ated if the underlying pathological process has 
improved. During weaning of NO, if mild eleva­
tions in pulmonary artery pressure are observed, 
it seems prudent to continue careful observation 
if the effect is transient and systemic hemody­
namic stability is not impaired. Dose response 
testing for inhaled NO should be undertaken 

20:00 20:30 

08:00 08:30 

21:00 

09:00 

PA(mm Hg) 
Sys = 32 
Mean= (20) 
Dia = 13 

PA (mm Hg) 

Sys ::; 25 
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during the initial exposure to NO, because infor­
mation obtained during weaning may reflect re­
bound effects and not the true dose-response 
relationship. 

Appreciation of rebound pulmonary hyper­
tension and its transient characteristic may facili­
tate weaning from NO and has important impli­
cations for patients with persistent pulmonary 
hypertensive disorders when interruption of NO 
is necessary. If the underlying pulmonary hyper­
tensive process has not resolved, then the ten­
dency for an abrupt increase in pulmonary artery 
pressure may be hazardous if NO therapy must 
be withdrawn or interrupted. For example, one 
should continue to provide a source of NO when 
suctioning or changing NO tanks because abrupt 
discontinuation can result in cardiovascular col-
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Iapse.59
-
61 If withdrawal of NO is necessary before 

resolution of the pathological process, hemody­
namic instability may be expected. If a labile pa­
tient with pulmonary hypertension is stabilized 
v.'ith NO before transfer to a specialized center 
for further management, NO should be available 
during patient transport. 

Severe Left Ventricular Dysfunction 

Caution should be exercised when administer­
ing NO to patients with severe left ventricular 
dysfunction and pulmonary hypertension. In 
adults with ischemic cardiomyopathy, sudden 
pulmonary vasodilation may occasionally unload 
the right ventricle sufficiently to increase pulmo­
nary blood flow and harmfully augment preload 
in a compromised left ventricle. The attendant 
increase in left atrial pressure may produce pul­
monary edema.62 This is not likely to arise from 
any negative inotropic effect of N063 and may 
be ameliorated with vasodilators or diuretics. A 
different but related phenomenon may be oper­
ative in the newborn with severe left ventricular 
dysfunction and pulmonary hypertension. In 
these patients, the systemic circulation may de­
pend in part on the ability of the right ventricle 
to sustain cardiac output through a right-to-left 
shunt across the patent ductus arteriosus. Selec­
tive pulmonary vasodilation may redirect the 
right ventricular output to the lungs and away 
from the systemic circulation. Therefore, in new­
borns with severe left ventricular dysfunction, 
predominantly left to right shunting at the fora­
men ovale and exclusively right to left shunting 
at the ductus arteriosus, NO should be used with 
extreme caution, if at all. We and others have 
reported adverse outcomes in this circum­
stance. 64

•
65 

NO Dosage and Toxicity 

There has been concern over potential NO in­
duced cellular injury during exogenous expo­
sure to the drug, as well as the generation of 
nitrogen dioxide and methemoglobinemia dur­
ing the delivery of NO (see article by Dr Darley­
Usmar). If the dose of NO is maintained below 
40 ppm, there have been few acute problems 
reported as the result of methemoglobinemia or 
excessive nitrogen dioxide concentrations. At a 
dose of 80 ppm, we have reported in a very few 
infants a transient elevation of methemoglo-

bin.66 Optimal dosing of~O to maximize pulmo­
nary vascular relaxation without incurring toxic 
side effects, systemic hypotension, or an increase 
venous admixture is unclear. Miller showed in 
10 infants and children that low and potentially 
less toxic doses of NO were effective after cardiac 
surgery, with nearly identical response at 2 ppm 
compared \\ith 10 and 20 pprn. 39 Day showed 
little additional value \\ith 60 ppm over 12 ppm 
in patients with congenital heart disease. 67 How­
ever, Roberts et al have shown a dose-response 
relationship up to 80 ppm in a similar popula­
tion.68 

Maximal pulmonary vasodilator response to 
inhaled NO may occur at higher doses than that 
which produce optimal ventilation perfusion 
matching in patients with elevated pulmonary 
artery pressure and severe pulmonary parenchy­
mal disease. By redistributing pulmonary blood 
flow away from underventilated alveoli toward 
normally ventilated areas oflung, inhaled NO in 
very low concentrations (<I ppm) may improve 
intrapulmonary shunt fraction and raise Pa02 • 

It has been suggested that this effect may be 
optimized at doses of inhaled NO that are low 
( 1 to 10 ppm), even though maximal pulmonary 
vasodilation occurred in the same patients at 
higher NO doses (10 to 100 ppm) among 12 
adult patients with ARDS.69 Improved oxygen­
ation was lost at the higher NO doses in these 
patients in whom pulmonary vasodilation was 
maximized. Presumably, this occurred from a 
"spillover" effect of NO into poorly ventilated 
lung with loss of preferential delivery to and vaso­
dilation of better ventilated areas. Thus, the de­
sirable dose may depend in part on the severity 
of the pulmonary artery hypertension versus the 
severity of intrapulmonary shunting from lung 
disease. It seems likely that the recommended 
starting dose of NO for newborns with congeni­
tal heart disease will lie between 5 and 40 ppm. 

Delivery Considerations 

The potential toxicity of NO underscores the 
importance of developing reliable delivery and 
monitoring systems. Newborns are typically ven­
tilated with devices designed to operate with con­
tinuous fresh gas flows from which all tidal 
breaths are derived. Stable NO concentrations 
can be achieved by titrating NO directly from 
the source tank into the inspiratory side of the 
continuous gas flow of the ventilator.70 The resi-
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dent times of NO and oxygen are minimized 
in continuous flow delivery systems because the 
gases are continuously purged through the venti­
l~tor. This system is limited to use in small pa­
tients who never require peak inspiratory flow 
rates greater than lO to 12 L/min. It uses sub­
stantial amounts of NO gas and can be compli­
cated by scavenging systems that interfere with 
the exhalation valve of the ventilator. NO source 
tanks are balanced with nitrogen and are avail­
able in a variety of concentrations from 100 to 
10,000 parts per million (ppm). As NO is titrated 
into a delivery circuit, nitrogen will dilute the set 
Fi02. Using a ventilator gas flow rate of9 L/min 
and a NO source tank of 800 ppm, 1 L/min flow 
of NO gas will be diluted to 80 ppm in inspiratory 
gas flow with a maximal Fi02 of .90. Because 
doses as low as 1 ppm may achieve therapeutic 
benefit, low-flow meters are needed to obtain a 
wide range of NO doses. Nitric oxide can be 
titrated into other continuous flow devices such 
as high frequency ventilators and continuous 
positive airway pressure systems.71 

An ideal delivery system uses medical grade 
quality gas manufactured by a process approved 
by the Food and Drug Administration. It mini­
mizes the duration of gas in the delivery circuit, 
can deliver a wide range of precise NO doses 
with uniform mixing despite variable flow rates, 
has on-line analysis of NO, N02 and oxygen, in­
corporates stringent controls for exhaled gases, 
and has alarms to protect against excessive dos­
ing or inadvertent discontinuation. Because re­
bound pulmonary hypertension or respiratory 
collapse after prolonged inhalation of NO in 
some patients represents an additional hazard 
of_abrupt interruption of NO delivery, an appro­
pnate alarm and back-up supply of NO must 
be in place. The system should be adaptable to 
different clinical situations, oxygen and NO con­
centrations should be independently controlled, 
and when used in coryunction with mechanical 
ventilation should not interfere with ventilator 
functions. Commercial products are just now 
available that use mass flow-controller technol­
ogy capable of rapid and precise regulation and 
mixing of NO, oxygen, and air gas flows.72 When 
integrated into a microprocessor-governed, flow­
sensing circuit, these devices promise to mark­
edly improve the variability and precision of 
"homemade" systems, enabling the set NO con­
centration to remain constant during the dy-

namic flow of a single breath regardless of flow 
or ventilatory mode. They may be contained 
within standard ventilator housing with two sepa­
rate control panels (oxygen and NO) directing 
output for the three relevant modules (air, oxy­
gen, NO). Alternatively more flexible systems, 
similarly controlled, are now available to func­
tion in series with the most common mechanical 
ventilators. 

Summary 

Inhaled NO has emerged as an important diag­
nostic and therapeutic agent in the treatment of 
pulmonary hypertension among newborns with 
congenital heart disease. It is a selective pulmo­
nary vasodilator with minimal adverse hemody­
namic effects when administered and monitored 
in a judicious fashion. It seems to be more effec­
tive in the newborn than the older patient and 
has a number of advantages compared with in­
travenous vasodilators. Its hemodynamic benefit 
has been shown in patients with pulmonary hy­
pertension associated with total anomalous pul­
monary venous connection, congenital mitral 
stenosis, postoperative patients with preexisting 
left to right shunts, and other lesions. It can be 
used in the newborn to help discriminate ana­
tomic obstruction to pulmonary blood flow from 
pulmonary vasoconstriction, and it may be used 
effectively in the treatment or prevention of pul­
monary hypertensive crises after cardiopulmo­
nary bypass. As an inhaled vasodilator, it has spe­
cial advantage in the treatment of acute 
respiratory failure that may arise in conjunction 
with pulmonary hypertension after bypass. 
There are also potential benefits of chronic, out­
patient administration of NO to facilitate 
growth, and beneficial remodeling of the abnor­
mal pulmonary vasculature in unusual forms of 
idiopathic pulmonary hypertension identified in 
early infancy. However, none of the purported 
benefits of inhaled NO in children with congeni­
tal heart disease have been studied in a random­
ized, placebo-controlled manner with convinc­
ing demonstration of improved outcomes. This 
must be kept in mind when evaluating the risks 
and potential benefits of this new therapy. 
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Pulmonary Hypertension 

Combined Effects of Nitric Oxide and Oxygen 
During Acute Pulmonary Vasodilator Testing 
Andrew M. Atz, MD, Ian Adatia, FRCP(C), James E. Lock, MD, FACC, David L. Wessel, MD 
Boston, Massachusetts 

OBJECTIVES We compared the ability of inhaled nitric oxide (NO), oxygen (02 ) and nitric oxide in oxygen 
(NO+Oz) to identifY reactive pulmonary vasculature in pulmonary hypertensive patients 
during acute vasodilator testing at cardiac catheterization. 

BACKGROUND In patients with pulmonary hypertension, decisions regarding suitability for corrective 
surgery, transplantation and assessment oflong-term prognosis are based on results obtained 
during acute pulmonary vasodilator testing. 

METHODS In group 1, 46 patients had hemodynamic measurements in room air (RA), lOOo/o 0 2 , return 
to RA and NO (80 parts per million [ppm] in RA). In group 2, 25 additional patients were 
studied in RA, lOOo/o 0 2 and 80 ppm NO in oxygen (N0+02 ). 

RESULTS In group 1, 0 2 decreased pulmonary vascular resistance (PVR) (mean :±:: SEM) from 17.2 :±:: 
2.1 Um2 to 11.1 :±:: 1.5 Um2 (p < 0.05). Nitric oxide caused a comparable decrease from 
17.8 :±:: 2.2 Um2 to 11.7 :±:: 1.7 Um2 (p < 0.05). In group 2, PVR decreased from 20.1 :±:: 
2.6 Um2 to 14.3 :±:: 1.9 Um2 in 0 2 (p < 0.05) and further to 10.5 :±:: 1.7 Um2 in N0+02 

(p < 0.05). A response of 20o/o or more reduction in PVR was seen in 22125 patients with 
N0+02 compared with 16/25 in 0 2 alone (p = 0.01). 

CONCLUSIONS Inhaled NO and 0 2 produced a similar degree of selective pulmonary vasodilation. Our data 
suggest that combination testing with N 0 + 0 2 provides additional pulmonary vasodilation in 
patients with a reactive pulmonary vascular bed in a selective, safe and expeditious fashion 
during cardiac catheterization. The combination of N0+02 identifies patients with 
significant pulmonary vasoreactivity who might not be recognized if 0 2 or NO were used 
separately. G Am Coll Cardiol 1999;33:813-9) © 1999 by the American College of 
Cardiology 

Elevated pulmonary vascular resistance (PVR) complicates 

the evaluation, clinical course and outcome of patients with 

congenital heart disease or end-stage pulmonary disease. It 
is a crucial factor in determining the timing or type of 

intervention, and has been invoked as the primary determi­

nant of mortality in many lesions (1,2). Opinion varies on 

what resistance must be achieved with vasodilator testing to 

insure safe operability for children with congenital heart 

disease. An increased or fixed elevation in PVR may deny 

patients the chance of corrective surgery, leaving them 

susceptible to the development of progressive obliterative 

pulmonary vascular disease and reduced life expectancy 

(3,4). Demonstration of pulmonary vasoreactivity in pa­

tients with end-stage pulmonary disease may differentiate 
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patients who would benefit from long-term medical therapy 

(5,6) from those with high, fixed resistance who should be 

more urgently considered for lung transplantation (3). Safe 

and expeditious demonstration of maximal pulmonary va­

sodilation in patients with a reactive pulmonary bed is 

therefore an important objective. 

Many vasodilators have been utilized for diagnostic test­

ing during cardiac catheterization. Systemic vasodilators 

with their attendant risks of hypotension and increased 

intrapulmonary shunt may be hazardous (7), especially in 

patients with ventricular outflow tract obstruction. Breath­

ing oxygen (02) remains a standard means of pulmonary 

vasodilator testing in pediatric cardiac catheterization labo­

ratories (8,9). However, failure to respond to acute treat­

ment with 0 2 has been reported in some patients who did 

indeed have reactive pulmonary vasculature (3,10). 
Inhaled nitric oxide (NO) is a selective pulmonary vaso­

dilator with minimal systemic effects and does not increase 

intrapulmonary shunting. It can be administered easily with 

0 2 or room air (RA) during cardiac catheterization by either 

ventilator or mask. The purpose of this study was to 
compare the ability of NO and 0 2 to identifY patients with 

a reactive pulmonary vascular bed during cardiac catheter-
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Abbreviations and Acronyms 

Fi02 = fraction of inspired oxygen 
NO = nitric oxide 
N02 = nitrogen dioxide 
0 2 = oxygen 
Paco2 = partial pressure of carbon dioxide, arterial 
Pco2 = partial pressure of carbon dioxide 
ppm = parts per million 
PVR = pulmonary vascular resistance 
RA = room mr 

ization. We further compared the hemodynamic effects of 
breathing nitric oxide in oxygen (N0+02 ) to breathing 0 2 

alone during acute vasodilator testing. 

METHODS 

We enrolled patients between January 1992 and December 
1996 who had mean pulmonary artery pressure 
:::>:30 mm Hg, PVR >3 D-m2

, and were determined during 
catheterization to require vasodilator testing. We included 
for analysis 71 patients who had complete hemodynamic 
measurements to allow calculation of vascular resistances. 

Study groups. The first 46 patients (group 1) were studied 
under the following four study conditions: A) in RA; B) 
after breathing 100% 0 2 for 15 min; C) after another 
15 min in RA, and D) after 15 min breathing NO at 80 
parts per million (ppm) in 23% 0 2 (NO+ RA). As NO is 
titrated into a delivery circuit, the delivered fraction of 
inspired 0 2 (Fi02 ) is decreased. Therefore a small amount 
of supplemental 0 2 (23%) was added to NO to avoid 
administration of a hypoxic gas mixture. The patients in group 
1 had a median age of 6.5 years, range 4 months to 59 years. 

Table 1. Diagnoses of Patients in Group 1 (n = 46) 

JACC Vol. 33, No. 3, 1999 
March 1, 1999:813-9 

Twenty-five additional patients (group 2) were studied in 
the following three conditions: A) in RA; B) after breathing 
100% 0 2 for 15 min, and C) after 15 min of inhaling 80 
ppm NO in 91% 0 2 . This was the maximal Fi02 attainable 
after dilution with 80 ppm of NO. Patients in group 2 had 
a median age of 3.5 years, range 5 months to 69 years. 

The patients in each group represented a broad spectrum 
of diagnoses characteristic of a high volume pediatric cardiac 
catheterization laboratory. Most had unrepaired or previ­
ously palliated congenital heart disease, although some had 
end-stage pulmonary disease (Tables 1 and 2). Four of 46 
patients in group 1 and three of 25 patients in group 2 were 
mechanically ventilated. The remainder in each group were 
breathing spontaneously. Sedation was given according to a 
routine, which included intravenous morphine and midazo­
lam. Partial pressure of carbon dioxide (Pco2 ) was normal 
throughout the study in both groups. 

Hemodynamic assessment. Hemodynamic measurements 
included left atrial, right atrial, pulmonary and systemic 
arterial pressures during each of the conditions described 
above. Cardiac output was measured by thermodilution in 
patients without an intracardiac shunt. In those with shunts, 
0 2 consumption was measured (Waters Inc., model 
MM20, Rochester, Minnesota), and systemic and pulmo­
nary blood flows were calculated using the Fick equation 
with inclusion of dissolved 0 2 . Errors related to sampling 
site variances were minimized by ensuring that, for each 
patient, venous samples were collected at the same site 
during each of the study conditions. 

Delivery and monitoring of NO. Detailed descriptions of 
the technical aspects of our delivery of NO in both venti­
lated and spontaneously breathing patients have been pub­
lished previously (11,12). We used NO gas (Scott Specialty 
Gases, Plumsteadville, Pennsylvania or BOC Gases, Mur­
ray Hill, New Jersey) of medical grade quality, which 

Unrepaired Heart Disease Repaired Heart Disease Lung Pathology 
(n = 26) n (n = 14) n (n = 6) n 

VSD 5(1) Complex single ventricle postpalliation 4(1) Pulmonary emboli 3(2) 
CAVC 5 TGA post Senning 3(1) Restrictive lung disease (lupus) 1 
Shone's syndrome 5 TGNVSD post PAB 2 Primary pulmonary hypertension 1 
PDA 2 TGA post Mustard 1 Cystic fibrosis 1 
Cardiomyopathy 2 TGA post ASO 1(1) 
VSD with PDA 1 CAVC repair 1 
Truncus arteriosus 1 TOF/PA full repair 1 
ASD primum 1 ASD secundum 1 
ASD secundum with PDA 1 
Supracardiac T APVC 1 
ASD secundum 1 
TGNVSD 1 

In parentheses is the number of patients who did not respond to either oxygen or nitric oxide. 
ASD = atrial septal defect; ASO = arterial switch operation; CAVC = complete atrioventricular canal; P AB = pulmonary artery band; PDA = patent ductus arteriosus; 

Shone's syndrome = multiple left-sided obstructive lesions; TAPVC = total anomalous pulmonary venous connection; TGA = transposition of the great arteries; TOF/PA = 

tetralogy of Fallot with pulmonary atresia; VSD ~ ventricular septal defect. 
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Table 2. Diagnoses of Patients in Group 2 (n = 25) 

Atz et al. 815 
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Unrepaired Heart Disease 
(n = 19) n 

Repaired Heart Disease 
(n = 3) 

Lung Pathology 
n (n = 3) n 

VSD 5 PDA 1 COPD 1(1) 
CAVC 
Shone's syndrome 

1 
3 

T APVC with PV stenosis 
TOF/PA 

1(1) Primary pulmonary hypertension 1 
1 Pulmonary emboli 1 

PDA 1 
ASD secundum 4(1) 
VSD with mitral stenosis 2 
VSD with coarctation 1 
ASD primum 1 
Cardiomyopathy 1 

In parentheses is the number of patients who did not respond to either oxygen or nitric oxide in oxygen. 
COPD = chronic obstructive pulmonary disease; PV = pulmonary vein; other abbreviations as in Table 1. 

conformed to Food and Drug Administration standards. In 
the spontaneously breathing individuals NO was delivered 
using the titration technique from source tanks with an 
800-ppm concentration. Flow rates greater than the pa­
tients' minute volumes were delivered through a one-way 
inspiratory valve to a face mask. The expired gases were 
scavenged using a reservoir bag and regulated wall suction. 
In the seven patients who were mechanically ventilated, 
ventilator settings were kept constant throughout the study. 
Nitric oxide, nitrogen dioxide (N02) and Fi02 were con­
tinuously monitored from a sampling port at the airway 
(Thermoenvironmental Instruments Chemiluminescence 
model 42H, Franklin, Massachusetts or NOxBOX Electro­
chemical Inhaled NO Therapy Monitor, Bedfont Scientific 
USA, Medford, New Jersey). Peak measured N02 concentra­
tions were recorded in all patients during delivery of the drug. 
Because there were no reports of methemoglobinemia during 
15-min diagnostic trials of NO at 80 ppm (11), we eventually 
ceased to routinely measure methemoglobin levels during brief 
inhalations. Therefore, methemoglobin levels were obtained by 
cooximetry (CIBA-Corning model 2500, Medfield, Massa­
chusetts) after 15 min in the first 22 of 46 patients in group 1 
and not thereafter. Written informed consent was obtained 
from the patients or their parents under a protocol approved by 
the Clinical Investigation Committee of Children's Hospital 
and submitted to the Food and Drug Administration. 

Statistical analysis and calculations. Results are presented 
as mean values :::'::: SEM. Vascular resistances were calculated 
using standard equations and were expressed inWood units 
corrected for body surface area (U·m2

). Groups 1 and 2 were 
analyzed separately with patients in each group acting as 
their own controls. Repeated measures analysis of variance 
was used to look for differences in the measurements over 
the four study conditions in group 1 and the three condi­
tions in group 2. If differences were found, then the 
Bonferroni multiple comparisons procedure was used to 
determine where differences existed. A p value <0.05 was 
considered significant. 

RESULTS 

Group 1: comparison of RA, 0 2, RA and NO+RA. 
Pulmonary vascular resistance differed across the four con­
ditions, (p < 0.0001) (Table 3). Oxygen decreased PVR 
from 17.2 :::'::: 2.1 D-m2 to 11.1 :::'::: 1.5 D-m2 (p < 0.05). 
Administration of inhaled NO at 80 ppm in RA caused a 
comparable decrease from 17.8 :::'::: 2.2 U·m2 to 11.7 :::'::: 
1.7 D-m2 (p < 0.05) (Fig. 1). Comparison of the mean 
percentage decreases from RA to 0 2 (36.9 :::'::: 3.3%) and RA 
to NO+ RA (35.1 :::'::: 3.5%) revealed no difference by paired 
t test. Changes in pulmonary artery pressures may not reflect 
pulmonary vasodilation, because there were patients with 
intracardiac shunts. Nevertheless, the mean pulmonary ar­
tery pressure was significantly lower in both 0 2 and 
NO+ RA compared with RA despite increases in pulmo­
nary blood flow in 21 of 23 patients with intracardiac shunts 
during treatment. 

Mean systemic arterial pressure, systemic vascular resis­
tance, right atrial pressure, left atrial pressure, heart rate, pH 
and Pco2 did not change with administration of02 or NO. 
Arterial Pco2 (Pao2 ) increased from 66 :::'::: 3 mm Hg in RA 
to 278 :::'::: 23 mm Hg with 100% 0 2 ; however, there was no 
significant difference in Pao2 between RA and N 0 + RA 
(68 :::'::: 4 vs. 73 :::'::: 4 mm Hg). 

Using a reduction in PVR of20% or more as a marker for 
responsiveness, we compared individual patient results to 
0 2 and NO+ RA (Fig. 2). Oxygen caused a positive 
response in 36/46 patients. Of the 10 nonresponders, four 
responded with a 20% or more decrease to NO. Nitric oxide 
in RA caused a positive response in 32/46. Of the 14 
nonresponders to NO+ RA, eight responded to 0 2 . Six 
patients did not respond to either vasodilator (Table 1). 

The peak N02 level was recorded in all 46 patients and 
was 1.3 :::'::: 0.2 ppm. Methemoglobin measured at the 
conclusion of the 15 -min period of N 0 inhalation in 22/46 
patients was 0.8 :::'::: 0.1%. 

Group 2: comparison of RA, 0 2 and N0+02 • Pulmo­
nary vascular resistance differed across the three conditions 
(p < 0.0001) (Table 4). Pulmonary vascular resistance 
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Table 3. Hemodynamic Data for Group 1 

Variable AN OVA 
(mean± SEM) A:RA B: Oxygen C:RA D:NO+RA p Value 

PVR (Um2
) 17.2±2.1 11.1 :±:: 1.5 17.8±2.2 11.7 :±:: 1.7 < 0.0001*t 

mPAp (mm Hg) 62.7 :±:: 3.3 54.9 :±:: 3.1 60.9 :±:: 3.4 51.2 :±:: 3.0 < 0.0001*t 
LAp (mm Hg) 13.7 :±:: 0.8 14.6 :±:: 1.0 14.0 :±:: 0.9 14.9 :±:: 1.1 0.05 
CI (liters/min/m2

) 3.6 :±:: 0.3 3.2 :±:: 0.2 3.5 :±:: 0.2 3.3 :±:: 0.2 0.19 
RAp (mm Hg) 9.0 :±:: 0.5 9.1 :±:: 0.5 8.8 :±:: 0.5 8.4 :±:: 0.5 0.08 
MAP (mm Hg) 79.2 :±:: 2.3 81.0 :±:: 2.3 79.5 :±:: 2.6 79.4 :±:: 2.6 0.55 
SVR (Um2

) 24.2 :±:: 1.8 25.7 :±:: 1.6 24.2 :±:: 1.8 24.8 :±:: 1.7 0.33 
pH 7.36 :±:: 0.01 7.36 :±:: 0.01 7.35 :±:: 0.01 7.35 :±:: 0.01 0.43 
Pco2 41.6 :±:: 1.1 41.2 :±:: 1.0 41.8 :±:: 1.1 43.0 :±:: 1.2 0.07 
Po2 65.6 :±:: 2.7 277.6 :±:: 23.2 68.1 :±:: 3.6 73.5 :±:: 3.5 < 0.0001* 
Heart rate 108 :±:: 4 107 :±:: 4 104 :±:: 5 105 :±:: 5 0.24 

*Variable in oxygen (B) is different than in room air (A) (p < 0.05). tVariable in nitric oxide (D) is different than in room air 
(C) (p < 0.05). 

AN OVA = analysis of variance; CI = cardiac index; LAp = left atrial pressure; MAP = mean arterial blood pressure; 
mPAp = mean pulmonary artery pressure; Pco2 = partial pressure of carbon dioxide; Po2 = partial pressure of oxygen; PVR = 

pulmonary vascular resistance; RA = room air; RAp = right atrial pressure; SVR = systemic vascular resistance. 

decreased from 20.1 :::'::: 2.6 D-m2 in RA to 14.3 :::'::: 1.9 D-m2 

in 0 2 and further to 10.5 :::'::: 1.7 D-m2 in N0+02 (Fig. 3). 
Pulmonary vascular resistance was significantly lower in 0 2 

compared to RA (p < 0.05). The PVR with combination 
therapy was statistically lower than that measured in air or in 
0 2 (p < 0.05 for both). Oxygen caused a reduction in PVR 
from baseline of 20% or more in 16 of 25 patients. Of the 
remaining nine patients, six responded with a 20% or more 
decrease when inhaling N0+02 . Three patients did not 
have a positive response to either 0 2 or the combination of 
0 2 and NO (see Table 2). Using the McNemar's test, if 
responsiveness differed between the two treatments, patients 
were more likely to respond to N0+02 than to 0 2 alone 
(p = 0.01). Ten of the 25 patients underwent complete 
surgical repair of their cardiac defects within 1 month of 
their catheterization. Those 10 patients had a baseline PVR 
in RA of12.9 :::'::: 1.9 D-m2 that decreased to 7.1 :::'::: 1.9 D-m2 

in 0 2 and to 4.1 :::'::: 1.9 D-m2 in N0+02 . Each patient 
undergoing surgical repair had a baseline PVR in RA 
>6 D-m2

. Five of10 had PVR >6 D-m2 in 0 2 , but only one 
had PVR >6 D-m2 in N0+02 . All 10 patients survived 
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Figure 1. Pulmonary vascular resistance (PVR) (mean :±:: SE) 
differed across the four study conditions in group 1 (p < 0.0001); 
PVR was lower in oxygen (Oz) compared with room air (RA) (*) 
and was lower in nitric oxide in RA (N 0 + RA) compared with RA 
(t) (p < 0.05 for both). 

and were discharged home on median postoperative day 5.5, 
range 4 to 29. 

Mean pulmonary artery pressure decreased from 63.4 :::'::: 
3.7 mm Hg in RA to 57.7 :::'::: 3.5 mm Hg in 0 2 to 50.6 :::'::: 
3.5 mm Hg in N0+02 . This occurred despite an increase 
in pulmonary blood flow in 13 of 15 patients with shunts. 
The pulmonary artery pressure with N0+02 was signifi­
cantly lower than that measured in air or in 0 2 (p < 0.05 for 
both). There was no difference between left atrial pressure in 
RA and in 0 2 . Left atrial pressure was significantly higher 
in N0+02 (15.5 :::'::: 1.3 mm Hg) than in RA (13.1 :::'::: 
1.1 mm Hg) or 0 2 (12.7 :::'::: 1.0 mm Hg). 

Mean systemic blood pressure increased over the three 
study conditions, from 76.8 :::'::: 2.9 mm Hg in RA to 80.6 :::'::: 
2.5 mm Hg in 0 2 to 83.4 :::'::: 2.6 mm Hg in N0+02 . Blood 
pressure was significantly higher in N0+02 than in RA, 
but not statistically different from blood pressure in 0 2 . 

Cardiac index, systemic vascular resistance, right atrial 
pressure, heart rate, pH and Pco2 did not change. Arterial 
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Figure 2. Individual patients' percentage change in PVR with 0 2 

is plotted against percentage change in PVR with N 0 + RA. Using 
a 20% decrease in PVR as a marker for responsiveness, some 
patients responded to one drug only. Neither 0 2 nor NO+RA 
identified all patients with pulmonary vasoreactivity. Abbreviations 
as in Figure 1. 
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Table 4. Hemodynamic Data for Group 2 

Variable 
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AN OVA 
(mean± SEM) A:RA B: Oxygen C: N0+02 p Value 

PVR (Um2
) 

mPAp (mm Hg) 
LAp (mm Hg) 

20.1 :±:: 2.6 
63.4 :±:: 3.7 
13.1 :±:: 1.1 

14.3 :±:: 1.9 
57.7 :±:: 3.5 
12.7 :±:: 1.0 

10.5 :±:: 1.7 < 0.0001 *t:F 
50.6 :±:: 3.5 0.0002t:l= 
15.5 :±:: 1.3 0.002t:l= 

CI (liter/min/m2
) 3.1 :±:: 0.3 

RAp (mm Hg) 8.0 :±:: 0.7 
MAP (mm Hg) 76.8 :±:: 2.9 
SVR (Um2

) 26.8 :±:: 2.7 
pH 7.38 :±:: 0.01 
Pco2 38.8 :±:: 1.2 

3.2 :±:: 0.3 
8.3 :±:: 0.8 

80.6 :±:: 2.5 
28.1 :±:: 2.6 
7.36 :±:: 0.01 
39.7 :±:: 1.5 

3.2 :±:: 0.3 
8.4 :±:: 0.7 

83.4 :±:: 2.6 
29.8 :±:: 3.0 
7.36 :±:: 0.01 
40.5 :±:: 1.7 

0.93 
0.78 
0.004:j: 
0.34 
0.08 
0.27 

Po2 

Heart rate 
67.3 :±:: 3.9 
108 :±:: 4 

277.6 :±:: 30.4 
107 :±:: 4 

302.8 :±:: 27.9 < 0.0001*:j: 
105 :±:: 5 0.58 

*Variable in oxygen (B) is different than in room air (A) (p < 0.05). tVariable in N0+02 (C) is different than in oxygen (B) 
(p < 0.05). *Variable in N0+02 (C) is different than in room air (A) (p < 0.05). Abbreviations as in Table 3. 

partial pressure of 0 2 was significantly higher both in 0 2 

and in N0+02 as compared with RA. Arterial partial 
pressure of 0 2 was not different in N0+02 compared with 
0 2 (302.8 :::'::: 27.9 vs. 277.6 :::'::: 30.4 mm Hg). The peak N02 

level during NO delivery was 2.3 :::'::: 0.3 ppm. 

DISCUSSION 

We compared the inhaled vasodilators 0 2 and NO in 71 
patients during acute vasodilator testing at cardiac catheter­
ization. In 46 patients, 100% 0 2 and inhaled NO at 80 ppm 
in air produced comparable and selective decreases in mean 
pulmonary artery pressure and PVR. However, 0 2 or NO 
used separately failed to identifY all patients with a signifi­
cant capacity for pulmonary vasodilation. The combination 
of NO (80 ppm) with 91% 0 2 in an additional group of 25 
patients produced significantly more pulmonary vasorelax­
ation compared with 0 2 used alone. In 22/25 patients there 
was a positive pulmonary vasodilator response during com­
bination therapy compared to only 16/25 when breathing 
0 2 alone. None of the 71 patients studied showed any 
evidence of toxicity from either drug during the brief period 
of this diagnostic trial. Our data suggest that combination 
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Figure 3. Pulmonary vascular resistance (mean :±:: SE) differed 
across the three study conditions in group 2 (p < 0.0001); PVR 
was lower in 0 2 compared with RA (*)and was lower in N0+02 
compared with RA (*) and 0 2 (t) (p < 0.05 for all comparisons). 
Abbreviations as in Figure 1. 

testing with NO in 0 2 provides additional pulmonary 

vasodilation, can be safely and accurately delivered to 

patients during diagnostic cardiac catheterization and can 

rapidly identifY patients with pulmonary vasoreactivity. The 
combination of agents appears to identifY patients with 

significant pulmonary vasoreactivity who might not be 

recognized if 0 2 or NO were used separately. 

Importance of vasodilator testing. The precise stage when 

pulmonary vascular disease has progressed to a point where 

surgical repair of congenital heart lesions cannot be safely 

performed is unknown. Morphologic criteria (2) and pul­

monary hemodynamics (13) are useful, but imprecise. Pul­

monary vascular resistance calculated to be more than 6 to 

8 U·m2 has been shown to be associated with poor operative 

outcome regardless of lung histology (1,4,14). In contrast, 

patients who respond to vasodilators with a PVR less than 

6 to 8 D-m2 do well postoperatively (13). Demonstration of 

a reactive pulmonary bed in patients being evaluated for 

transplantation has enabled patients to be offered a single 

organ heart instead of heart-lung block with successful 
results (15). Patients with elevated resistance but reactive 

pulmonary vasculature may need more intensive postoper­

ative care and presumably would be excellent candidates for 
NO therapy in the postoperative period should pulmonary 

hypertension emerge. Response to acute vasodilator testing 

in patients with primary pulmonary hypertension is an 

important marker for survival (3) and may identifY patients 

who would benefit from chronic medical therapy (5,6). 

Comparison with other studies. Prior research in children 

with pulmonary hypertension has shown that 0 2 failed to 

unmask all reversible pulmonary vasoconstriction (3,10). 
Prostacyclin administration in patients with pulmonary 

hypertension breathing 0 2 caused further pulmonary vaso­

dilation. However, prostacyclin can cause systemic side 

effects including tachycardia and hypotension (16). Previous 

studies of vasoreactivity in children during cardiac catheter­

ization found variable responsiveness to NO that seemed to 
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parallel the progression of established vascular disease ( 17). 
Studies examining the efficacy of NO in 0 2 , including 
recent work by Allman and colleagues, have suggested differ­
ences between the responses to NO, 0 2 and/or the combina­
tion of agents (18-20). Each prior study, however, has had 
insufficient power to establish a significant difference in PVR. 

Nitric oxide causes vasorelaxation through a cyclic 
guanosine monophosphate-mediated pathway. The mech­
anism of vasorelaxation caused by 0 2 is not clearly known 
(21). The fact that some patients responded to one agent 
with significant vasodilation but not the other, and that the 
majority of patients experienced increased vasodilation with 
combination therapy compared with 0 2 alone, suggests that 
the mechanisms may not be identical. 

Potential toxicities. The major recognized toxicities asso­
ciated with inhaling NO are cytotoxic effects in the lung due 
to exposure to excess N02 and methemoglobinemia due to 
the intravascular binding to hemoglobin. Nitrogen dioxide 
will develop in delivery systems at a rate that is proportional 
to NO and 0 2 concentrations and contact times between 
the two gases. When NO was delivered with maximal 
amounts of 0 2 in this study, N02 levels averaged 2.3 :::'::: 
0.3 ppm, below the accepted environmental exposure level 
of 5 ppm (22). Nitrogen dioxide should be continuously 
monitored, especially in patients mechanically ventilated 
with circuits that do not use continuous gas flows. If 
patients receive prolonged treatment with NO in high 
concentrations of 0 2 , we recommend reduction in the NO 
dose to diminish potential dose-related toxicity. There have 
been no reports of clinically significant methemoglobinemia 
during brief exposure to NO at doses as high as 80 ppm. 
Methemoglobin measured at the conclusion of the 15-min 
period of NO inhalation in 22/46 patients was 0.8 :::'::: 0.1%. 
This along with previously published results (11) supports 
the contention that routine measurement of methemoglobin 
may be unnecessary during brief diagnostic trials of N 0. 

It is notable that the combination of N 0 in 0 2 resulted 
in an increase in left atrial pressure compared with RA or 0 2 

alone. Reports have suggested that 0 2 (23) or NO (24) may 
have deleterious effects to patients with heart failure. In this 
study no patient demonstrated clinically important pulmo­
nary edema, hemodynamically significant systemic vasocon­
striction or decreased cardiac index during the brief admin­
istration of 0 2 or NO in 0 2 . Nevertheless, we believe that 
NO, especially when used with 0 2 , should be carefully 
monitored in patients with elevated left atrial pressures due 
to the potential induction of pulmonary edema. 

Study limitations. The patient population studied was 
quite heterogeneous. However, this accurately reflects the 
typical spectrum of patients presenting for vasodilator test­
ing during cardiac catheterization. Subgroup analysis of 
patients with congenital heart disease showed no differences 
in response compared to the group as a whole. Patients with 
lung pathology analyzed separately showed similar results, 
but numbers were too small to form conclusions. Subgroup 
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analysis of patients with left to right shunts did not reveal 
any difference in response compared to those without 

shunts. The definition of responder and nonresponder is 

arbitrary, but a 20% change is often used in drug testing as 

a marker of responsiveness. There was no apparent predic­

tive marker in patients who responded to one agent but not 
the other. It may be that repeated exposure to 0 2 or NO 

would minimize differences between responders and nonre­

sponders. Nonetheless, a single exposure to a drug is the 

common catheterization protocol. Limited information ex­

ists concerning optimal dosing of NO, with some investi­
gators showing maximal vasodilation at doses as low as 

2 ppm (19), and others demonstrating a dose-response 

relationship up to 80 ppm in a similar population (18). This 

study was designed as a brief diagnostic trial in a catheter­

ization laboratory to determine the most effective and 
inclusive method of identifYing patients with pulmonary 

vasoreactivity. Accordingly, 80 ppm was used during this 

brief testing with the appreciation that, if delivered for 

prolonged periods, it may be associated with dose-related 

increased toxicity. This study was not designed to demon­
strate differences in long-term patient outcomes or clinical 

value of vasodilator testing. Maximal vasodilatory capacity 

may be oflimited clinical value in some patients. Neverthe­

less, as a result of information acquired during combination 

therapy, some patients were offered surgery who did not 
respond to NO or 0 2 alone; all patients survived. 

Summary. Individually, NO and 0 2 produced significant 

and comparable selective pulmonary vasodilation in a het­

erogeneous group of patients presenting to cardiac cathe­

terization for pulmonary vasodilator testing. However, nei­
ther agent used separately identified all patients with the 

capacity to relax their pulmonary vascular bed. The combi­

nation of N0+02 caused significantly greater pulmonary 

vasodilation compared to 0 2 and identified patients who 

had pulmonary vasoreactivity that was not appreciated 
during 0 2 breathing alone. This study suggests that com­

bination testing with N0+02 provides additional pulmo­

nary vasodilation in patients with a reactive pulmonary 

vascular bed in a specific, safe and expeditious fashion 

during cardiac catheterization. Nitric oxide in 0 2 distin­
guishes patients with significant pulmonary vasoreactivity 

who might not be identified using either agent separately. 
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Cardiovascular Effects of Inhaled Nitric Oxide 
in Patients With .Left Ventricular Dysfunction 

Evan Lob, MD; 1onatbon S. Stamlcor, MD; 1oshua M. Hare, MD; 
Joseph Loscalzo, MD, PhD; Wilson s. Colucci, MD 

~ Pulmonary vascular rt$is~ (PVR) is frc. 
qucntly ckvaled In patleniS with advanced bean failure. Nitrlc 
llllidc (NO), which conll:ilnllcs 10 the adlvily of elldothclium­
dmvcd relm!:iDg feetor, C811SC5 tela:mt.IOD of pulmo!lary arter·• 
ies and veins In vltro.lnbslstion of NO f!ll$ causes pulmonary 
vasodilation In patients with primary and secondary forms of 
pulmonary~ •. 

Mtdrt141 tm1 R=wJa To lcslthD bypolhcsis that iohalation 
of NO f!11$ law:rs PVR In patients wilh heart failure, we 
studied the bc:modyna.mil: cf£ccls of a lO·mlnute inhalation of 
NO (80 ppm) iD 19 paticn!S wilh New Yorlc Heart Association 
clus m (naS) and c:1Ess IV (n=l4} heart failure due 10 left 
ventriculu (LV} dysfunction. Although lnlmlation of NO had 
no .c:!fcct on pulmonary artery pressures, the PVR decrei!.SCd 
by 31±7% (P<.OOl) due 10 a 23±7% increase (P<.001) in 

The endothelium plays an essential role in the 
dynrunlc regulation of vascular tilnc by synthe­
sizing and releasing a variety of substances, one 

of wbicb, endothelium-derived relaxing·factor (EDRF), 
has the pbysirocbemical properties of nitric oxide (NO) 
or a closely related substance.U Endogenous NO pro­
duced by endothelial cells dilfuses into neighboring 
vascular smooth muscle cells, where it binds to the heme 
COlllponent of guanylyl cyclase, thcrcby activating the 
enzyme, resulting in Increased cyclic GMP production 
and relaxation.3.4 Arterial and venous endothelial cells 
In the pulmonary vasculature produce NO constitutively 
and in response to a Yllriety of stimuli.""" NO appcan; to 
be involved both In the regulation of·basal pulmonary 
vascular resistance (PVR)9.to and In counterrcgulaling 
the effects of vasoconstrictor substanc:es.ll·l~ 

PVR is freqllently increased in patients with ad­
vanced heart failure. The underlying mechanism for 
increased PVR in heart failure Is not known, but it 
almost cenainly involves activation of vasoconstrictor 
pathways by the sympathetic nervous system, the renin· 
lmgiotensin system, and/or endothelin.•o.t7 ·Although 
there is evidence that endothelium-dependent vasodila· 
tion is impaired in the S)'Stennc vasculature of both 
animal models'" and patients with heart failure,U.:%2 it is 
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pulmonary artery wedge pressure and despite a 4±2% 
(P<.OS) decrease in cardiac iDcle:l!. The magniiUcle of the 
decrease in PVR with inhaled NO was inw:rsely n:lated 
(r•-.713; P<.!JOI) 10 the baseline PVR.lnhalcd NO hacl no 
effect on heart rate, &ySicmlc arter!al pressure, S)'ilemlc vas­
cular resistance, or LV peak +dP{dt or -dP/dt. 

Co!ttbahw ln patien!S with heart failure due 10 LV dys­
function, inhalatioo of NO causes a decrease In the PVR 
aswc:iatcd with an increase in LV filling prcssul'C. These 
findings predict thai inhaled NO, if used all!lle at this dose (80 
ppm), may have adverse effects in patiCDts with LV failu!e. 
(Cimdldimt. l994;110:2'780·278S.) 

1fl} 'tfl1rds • nitric oxide • lung • heart failure • 
endothelium-derived factors 

not known whether this mechanism contributes to In· 
creased PVR. 

Inhalation of NO gas causes pulm011ary vasodilation 
In patients with primary pulmonary hypertension2l and 
pulm011ary bypcrtcusion secondary to congenital heart 
dlsca~ and to adult respiratory distress syndrome.:zs 
These observations suggest that inhaled NO might 
ameliorate pulmonary vasoconstriction, and they Jed to 
our hypothesis that inhalati011 of NO would lower PVR 
In patients with heart failure. To test this hypothesis, we 
studied the hemodynamic effects of a lO·minute inha· 
1ation of NO (80 ppm) In 19 patients with moderate to 
severe heart failure secondary to LV dysfunctiDn from 
idiopathic or ischemic dilated cardiomyopathy. 

Methods 

StudyPopnlatioo 
Nineteen patients with New York Hea.n.A!soc!alion !uno­

tiona! class m (nwS)or IV (u .. 14}.bcart:failurcwcre studied. 
All patients were rccciviug digitalis, diuretics, and angiotensiJl. 
CODVCrting enzyme inhibitors. There were 15 men and 4 
WOI!leD, with a mean ago of 52:3 ycm. The cause of hcnrt 
failure was ischemic cardiomyDpatby iD 10 patients IDd idio­
pat.bic dDalecl CBlcliomyopat.by in 9. Tbc peak VO, mraged 
9.9±L6 mL • lqf1 • m~n-•. The study protocol waa appi"CMldby 
the Committee for the Proteclioo of Human Subjecl!l from · 
Research Ril;l:s at the Brigham end Wom=n's Hospltal, and 
written informed consent was obralned in all cases. 

Hemodyuamlc Measu.rements 
Vasodila10rs, converting enzyme inhibitors, digitalis, and 

diuretics were withheld nn tbe morning of lhe c:athelcrizalion. 
A TF Swu-Ganz catheter (Anw Intet:mllfo1181, lllc) was 
placed In tbc pulm011ary artery. Femoral artery preSSUJC WIIS 
monitored via an 8F sidc·arm sheath (Cordis Laboratories). In 
tO patients, a 7F mlcromanomctcr-tipped pigtail catheter 
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TAIIIJE1. H81111111VMmk: Effacta of lnhalod NO In 
Pallants With Co!lglllltiw Heart Failure (n=19) 

AoolnAlr NO 
HR,bpm 90:!:3 93:!:5 
MAP,mmHg 79:!:3 81:1:3 

SVR, dyne· a • em·• 1102:!:104 1041:!:97 

PA.mmHg 35:!:4 37±4 

PAWP,mmHg 25:!:3 31:!:4 

LVCOP, mm Hg; n•1G 28:1:4 34:!:15 

PVR. dynB • a· em"" 22!1:!:30 119:1:13 

PA-PAWP, mm Hg 11::1;1 6:!:0.5 

SVI, mtJm• 26:!:2 24=2 
01, L • mln·1 ·m·2 .2.3:!:0.2 2.1:1:0.2 

p 

NS 

NS 

NS 

NS 

<:.001 

.02 

<.001 

<:.001 
,OS 

.OS 

HR lrnlk:alea heel1 nile: bpm, beals per minute; MAP, 111BBn 
e1te11a1 pressure; SVR, II)'Siemlc -..lar lll9lslance; PA. me!lll 
p!Amomuy wry mea~~um; PAWP, pulmonary Grtery wedge 
PRlSSilre: LVEDP, left venlllctdar em:kllastcllc pressure; PIIR, 
P!JimanlliY vascular res~;~ance; IM, Btroke volume lntlex; lind 
01, c:atdleiC Index. 

(Millar lndusttics) Wllll placed iD the left ventricle {LV), 
allowing fur slmultaneolli dP/dt and rigllt hem pressure 
m.eesurcmcnlll. 'Ihc ECG, femoral artery pra;sure, pulmonBJY 
artery prcsmre, and LV ~ were rccanled on a strip 
ebart cecordilr (Eiectronica for Medicln•, PPO Biomedical 
Systems Division). Cardiac 011tputwas determined by lhe Flck 
method, based on the mcasurcit OX)'IlCD uptake (model MRM 
2B, Wabm Instruments, In!:) and mygen CO!Itent iD the 
puh:nonary and fcmotal arteries. .. Osygeu cootent was calcu­
lated from th~ blood bomoglobin and MY1C11 Mtnratioo by 
standard metbods.aG Blood mygen satmatioll was determined 
in duplicate samples an a~ modcl270 Co-mimc­
ter. LV peak +dP/dt (+dP/dt) end pcllk -dP/dt (-dP/dt) · 
wcrc computed Dll"line by an Electnmil:s for Medicine ampli­
fier (model 221JA). Values for bwt rate, arterial pressure, 
pulmonary arterial ~. pulmonary artery wcd8c pn:s­
sur~. LV systolic pressure, LV end-diastolic pressure 

w-
FIG 1. Bar gmph &howlng e1lect ol Inhalation ol NO gas {00 
ppm, 10 mlnules) on pulmonary Grtery (PA) pJBSSU!'el In 19 
pallanla w!lh h1181t failure secondaly 10 1et1 ven1ric1Jlar dysfunoo 
lion. M!18St.W11111snla were made after 1he patients Inhaled 100111 
sir (shaded bars) or NO (oolld bars} from a fac11 mll!llc for 10 
mlnutes. *P< .001 vs room air. · 

Loh eJal CardlovaiCIIIar Eft'ects of NO Z781 

GO 

6S 

~ 
GO 

[ 45 

l!<lll 
li 
il:ls 

I i30 
~25 I ~ 211" .. --==-- -==: Si re 
~ 6! 10 

Recnlli' Hl1rlcO:dclo 

FlG2. Graph showlng pWnona!y ertely wedge Pf'l)SilUre bebrll 
and alief a 1o-mlnu!6 inhal!lllon o! room air or NO. *P<.001 w 
100111 sir. 

{L VEDl'). and LV +dP/dt and -dP/dt wcte calculated by 
averaging at least SO CODSI!CU!lve beals tmder each e:<perimen­
lal condition. 

IBhlllation or N"atrie Oxide 
NO gas (Bl!\l ppm) and N~ (Airco) m mlxed by l.ISe of a 

standal'd low-ftow blender (Low Flow MicroBlcnder, Bird 
Prodw:ts Corp) before mlmduction into tbe inspiratory llmb 
of a closed breathing cln:uit altllcheil to a fa= mask. The 
Inhaled concentrations of NO and OIYJlOil were ~ 
separately. The Inhaled 0. concentration was measured 
dircct:ly 'With an on-line arlmcter (Ohmeda Oximeter). The 
inbl!led concentrations of NO, nitrogen d'tmdde {NO.,), and 
tbe bigber ~ca or nitrogen (NO,) were measured contin· 
uOU&Iy by a chemllwnincsccnce technique {O!emilumines­
cent NO,-NO. AD.ulyzcr, Thlmllo Envimmncntlll lnstru· 
ments, Inc). The exhaled gase; were scavenged by a vneuum 
sy;tem. 

To C&tablisb baseline CDDditions, palicntll iDbllled room air 
{Flo.,, :Zl%; Na, 79%) via the clo6ed lilcc mask S)'llt= fai 10 
minutes before tbc baseline bcmodynamjc DleiiSUI'CillC:ts. 
Patienta then inbaledNOat80ppm(FJo,, 21%;N;,,7!1%)via 

... 
6/lO 

!Sll 

1100 

.cM 

'"e' ... 
1000 
.s-1100 

I -250 

~~ 
1110 * I 
100 

"' 
RocmAit IIIOIGq.;do 

FIG 3. Gmph e!lo\\ing eflect of NO lnhal!dlon on pulmonary 
vasc:utar resistance (PVR). *P<.001 w roomlllr. 
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liH:c JDosk for 10 minutes, and hemOdynamic measurcmcntli 
were repeated. 

Statistical Metbocls 
All dalll are presented as the inean±SEM. Differences 

betmcn two observations for one variable within the same 
group wero determined by two-tailed paired 1 test. Differ­
ences between groups were determined by two-tailed un· 
paired t tcsL Differences were COJIBiden:d signllicant if 
the nuU hypothesis could be rejected at the .05 probability 
leveL 

Results 

Hemodynamic Effect of Inhaled NO 
Baseline measurcmenlll during Inhalation of room air 

revealed moderate LV fiillurc with elevation of the 
LVEDP and mean pulmonnry artery wedge pressure, 
and reduted stroke volume and cardiac indexes (fable 
1). There 'WliS moderate reactive pulmonary bypertcn· 
sion, with an avemge PVR. of 226:!:30 dyne· sec • em·'. 

Inhalation of NO caused no change in heart rate, 
mean systemic arterial pressure, systemic viiBCil!ar resis· 
tancc, or pulmonary artery pressure (systolic, diastolic, 
or mean) but caused a 23±7% increase In the mean 
pUlmonary artery wedge pressure (fable 1, Figs 1 and 
2) associated with 4±2% and 7:2% decreases In car­
diac Index and stroke volume index, ~vcly (fable 
1). The mean lranllpulmonary pressure gradient de· 
creased by 35 :t7% (fable 1 ), and the PVR decreased by 
31±7% (Table 1 and Fig 3). 

The decrease In PVR 'WliS due to the 1octease ·in 
pulmonary artery wedge pressure, as shown by tJie corre­
latlnn (r=-.848, p .. .IJOOl) between tlie changes In PVR 
and pulmonary artery wedge pressure (F'Jg 4A) and lack 
of com:latlnn with changes In pulmonary artery pressure 
(Fig 4B; 1=.13) or cardiac lnde:it (F'Jg 4C; r:::.04). The 
illl:rea.&e in mean pulmonary artery wedge pressure was 
due to an increase in LV filliiJg pressure, as shown by the 
comdation (r=.939,P<.0001) between the changes in LV 
cnd..dfaBtolic p1'CSSIIJe and pulmonary artery wedge pieS­
sure with inhaled NO (F~g 5). 

.. 
2l) R=-D.84S 

p .. o.ooot 

a 

I~ l~ .. 
<!!.. E!.. 

~ ... "' 
~ ... 

0 ... 
.eo 

0 ... 
.eo 

0 0 

TABU!i 2. Hemodynamic Charactec1atlcs of Patients 
With a Chango In Pulmcnaly AltllrV Wedge Proulml 
Abovo or Below the Median With lnballlllon ot NO 

%PAWP %PAWP 
<0,2& >0.2& 
(n=ll) (n=10) p, 

HA,bpm 87±4 94:!:$ NS 
MAP,mml'!g 75±3 84:!:3 .02 

SVA, dyne • a • cm•5 987:t153 1218:1:148 NS 
PA,mmHg 29:!:5 42:1:5 .02 

PAWP,mmHg 21±4 29:1:4 .02 

SVI, rrLJrn' 30:!:2 21:!:2 .004 
ct. L • min·• • m-2 2.6:!:0..2 1.9:i:0.2 .01 

PIIR, dyne • s · em·• J38:!:23 21l5:!:40 .002 
LVEDO, em 6.2:!:0.4 7.1 :!:().3 .~ 

vo. 9.6:!:0.1 11.7:!:0.6 Ns 
LVEDO lndk:ale!lleft Yell1llcular end-dltolollc dlmllnslon: \loe, 

peak oxygen consl&Tlp!lon. Other abbi'IIViallons ~ In Talll!l1. 
n=19 b' all panunetar.s IIXC8pl EDD (n,.tS) and VO. (n•17). 

Bemodynnmic DetermiDBDfs of lUI lncret~Se ID 
Polmolllll'Y Artery Wedge Pressure With 
lnllaledNO 

The most prominent hemodyuamic effect of NO 
Inhalation was the increase in pulmonary artery wedge 
pressure (median Increase, 26%). In the 10 patients 
with an increase in plllmonary artery wedge~ of 
1!:26% (mean increase, 33:!:7%), the baseline pnlmo­
nary artery pressure, pulmonary vaseular rc5istance, 
and LV end-diastolic dimension (by M·mode echocar­
diogrspby; n= 16) were blgber and the cardiac inde:K and 
sttokc volume in.dex were lower than in the 9 patientll 
with an Increase of <26% (Table 2). Thus, more severe 
LV dysfunction (as evidenced by Jdsber left l!eartfilling 
pressures, lower stroke volume, and larger LV cavity 
size) was present in the patients who bad the largeSt 
increases in pulmonary artery wedge pressure with 
inhaled NO. 

R=0.13 "' 
P• D.e1 

... 
0 • 0 

• 0 

... 4t t :m 40 .3J .. fi)CI1030~ 

""' ·2ll 20 40 &leMPA"-<mt(~Chongo) Coldiaclrmx(§Chonge) 
PAWPC%ch1111ge) 

FJ04. Scatlerplota of regt<ISS!on l!ll8lyll$S depleting th9 relallon between the change WI pufrnon&IY vascular IB8Istanee (PVR) v.ilh NO 
(1121 room elr) and the change In pulmonary artery W8Cig8 p18S8ur& (PAWPJ (le!l), mean PA PteSSUre (middle), or cardiac index (righlj In 
19 patlants. 
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The baseline PVR was IliOIC than twnfold higher in 
the group that bad the largest increases in pulmonary 
artery wedge pressure with inhaled NO (Table 2), 
suggesting that resting PVR might be a determinant or 
predictor of the respons.e to inhaled NO. Consistent 
with this view, there was a stroog comlation (r-=-.713, 
P<.001) between the baselin~: PVR and the decrease in 
PVR with inhaled NO (Fig 6). . 

As an alternative approach to this issue, we identi­
fied a subgroup of 5 patients who had "comp~nsated" 
LV failure, as defined by a pulmonary artery wedge 
pressure s18 mm Hg (mean, 12±2 mm Hg) and a 
cardiac index «2.5 L • min"1 • m"1 {mean, 2.8:!:0.3 
L • min"1 • m-2). In these patients, inhalation of NO 
baa no effect on pulmonary artery wedge pressure 
(+7:!:3%) or PVR (+.5±13%), In the remaining 14 
patients with "decompensated" LV failure (mean 
pulmonary artery wedge pressure, 30:!:2 mm Hg; 
mean cardiac index, 1.9:!:0.1 L • min-1 ·.m·2). inhala­
tion of NO increased the pulmonary artery wedge 
pressure by 27:!::3% (P<.OOl) and dccn:ascd the PVR 
by 43:!:7% (P<.OOl). . 

Emld.s of Inhll1ed NO 011 LV Fonclion 
Since it has been suggested that NO 1:a11 depress the 

IXIIltractile function of isolated cardiac myocytes,:rt we 
considered the possibility that inhaled NO exerted a 
negative inotropic clii:ct on the LV. A negative inotro­
pic efkct of inhaled NO was suggested by a decrease in 
slrolm volume index despite an increase in pulmonary . 
artery wedge pressure (FJg 7A). However, in the 10 
patients in whom it was measured, inhaled NO had no 
effect on LV peak +dP/dl, despite increasing LVEDP . 
by 8:!:1 mm Hg (F~g 7B). LV peak -dP/dt. which 
rcllecls isawolumic relaxation in the absence of changes 
in loading conditions or heart rat~.%9 was also not 
afl'ected by inhaled NO (baseline, 807:!:140 mm Hg/s; 
NO, 800:!:139 mm Hg/s; P=NS; n=lO). . 

. Discussion 
The major finding of thia study is that in patients with 

reactive pulmonary arterial hypertension secondary to 
LV fnllure, inhalation of NO CEIU!eS recipro<:al. changes 
in the PVR. (decrease) and LV filling pressure (in­
masc). In patients with primary pulmonary byperten· 
skm, inhalation of NO C8115es a decrease in pulmonary 
artery preBSUre.23 In contrast, in patients with LV 
failure, we found that inhalation of NO is associated not 
with a decrease in pulmonary artery pressure, but 
r.other, with an incre;~Se in LV filling pressure that 
accounts for the decrease in PVR. Preliminary reports 
from IWo other groups'll.'1 also indicate a similar effect 
of inhakd NO on LV filling pressure in patients with 
LV fa.iluie. 

Tbc observed decrease in transpulmonary artery 
presturc gfi!di=nt, paiticulady in the setting of no 
change or a smaD decrease in cardiac output, indicates 
that inhaled NO caused pulmonary vasodilation. NO 
diffuses readily through tissues, and ther~:fore inhala· 
tion of NO may increase the concentration of NO in the 
vicinity of vascular smooth muscle cellll in pulmonary 
resistance vessels, theteby exerting a direct vasodilator 
effect. 

We believe that the NO-induced increase in LV filling 
pressure is due to a small increase in LV volume that 

.. 

.,. 

R•0.941l 
P< 0.0001 

~~-r-T--~~~--~~ 
~410 .. 10 0 1l) 2D so., 

PAWP (% clmn!lt) 
FIG s. Scat!erpltJt showing relll!lon belween lhll pen:enl 
c:hanges in lluft!ona!Y adDJY wedge pm!l811ra (PAWP) ll!ld left 
wn!ricUiar end-diastolic pressure (I.VEDP) wltb Inhaled NO in 10 
patients. 

occu:rred secondary to an increase in pul.monaryvcllOU!i 
return to the LV. For a given pulmonary artery pres­
sure, a decrease In PVR will result in an increase in the 
net driving force for. LV filling. Although an incn:ase in 
LV volume would rcault in increases in ejection fral:tion 
and stroke volume in a normal LV, in 01l1' patients LV 
function was severely cJeprcssed and may have been on 
the flat portion of the Starling relation. In aildition, an 
NO-indO<:Cd increase in LV volume may have inc:rcased 
the magnitude of functional mitral regurgitation that is 
present in the majority of sncb hearts.~ Thus, an 
NO~uced redistn'bution of blood from the right 
ventrlcle ·to the LV may occur with oo int:rcase, or even 
a small decrease, in stroke volume. Since the failing LV 
often operates on the steep portion of the diastolic 
pressun:lvolume relation, a subjltantial increase in LV 
filling pressun: might reflect only a small NO-induced 
increase in LV volume. 

0 .. 
R=..0.71~ 

D 
P< 0.001 

'S' 

~~ 
!!!...., 

~ 
.aJ 

0 
..a 

;ro zoo a a 611:1 I!XI 

BBMhf'IIR,!~"'J 
Fill 6. SCatterplot showing re!Biion belwean lhll b!wline pul­
monary vascular reslstanr;a (PVR) end the percent change ·In 
PVR IIIler inhalllllon of NO in19 pal!eniD. 
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FIC! 7. Graph& showing Oalll el'feetaflnbaledNOcn lllere!Biion belwelln Blrckevclume lndex{SV1) andmBIIII pulmonaJYal!efYwedge 
pressure (PAW?) and (righlj ~of Inhaled NO on lhe relallon between left ven!ricular (LV) peak +dP/dl and PAWP. • 

The NO-induced changes in LV filling pressure and 
PVR correlated with both the baseline PVR (see Fig 6) 
and the severity of hemodynamic compromise (see 
Table 2). It was previously observed that inhaled NO 
has no hemodynamic effects in 1:0ntrol subjects who 
have a normal PVR.34 Since the degree of reactive 
pulmonary hypertension is generally related to the 
severity of hemodynamic compromise in patients with 
LV failure, it might be anticipated that patients with 
more severe heart failure will bave a more marked 
heiDOdynamic response to inhaled NO. To i:xaminc this 
pzedict:ion further, we compared the effects of inhaled 
NO in a subset of 5 patients with relatively ~:GmpcDSated 
hemodynamics ("compemated group," defined by a 
pulmonary artery wedge pressure :sl8 mm Hg and a 
canJiac index :.!:2.5 L • m·• • m·') and those of the re­
maining 14 patients ("decompensated'group," defined 
by a pulmonary artery wedge pressure ~18 mm Hg 
and/or a cardiac index <2.5 L • m"1 • m·'). Although the 
LV ejection fractions were 1:0mparablc in the two 
groups, the baseline PVR was higher in the decompeu· 
sated group (Table 2). As predicted by our hypothesis, 
the NO-induced Call in PVR (43% VCISUS 7%) and 
increase in LV filling pressure (Z7% versus 0%) were 
larger in the decooipeDSated group. Taken togethct 
these observations suggest that the greater effect of 
inhaled NO in patients with de1:0mpensated LV failure 
is due to. the greater degree of reactive pulmonary 
hypertension present in such patients. 

A se1:0nd potential CJq>lanation for the decrease in 
transpulmonary gradient is that inhaled NO exerts a 
~ ne.!!ative in?t:ropil) e~ect on the LV, resulting in a 
prunary mcrcasc m LV filling prcsoure. In this scenario, 
passive pulmonary vasodilation might occur because of 
reorui.tment of precapillary ve5sels, an effect that has 
been demonstrated in animals.» Haw~r, we feel that 
a direct negative inotroplc effect of inhaled NO is less 
likely, for several J:ellSQDS. Fmt, NO is rapidly inacti­
Vllled by hemoglobin1 and might not be ~ed to 
reach the coronary circulation under these conditions. 

Second, we observed no deaease in LV +dP/dt, a 
highly sensitive measure of changes in oontractilc state. 
Third, it has been shown that in humans, the intraoor­
onary .infusiou of nitroprusside, to donate NO to the 
myocardium, has no effect on +dP/dt and, contrary to 
our findings with inhaled NO, caused a decrease in LV 
fiiHng pressure apparently due to an increase in ventric­
ular diste!lSibility.:H 

·An interesting coroUary of these observations is that 
selective pulmonary vasodilation, in the absence or 
systemic vasodilation, may not be desirable in patients 
with severe LV failure. Clearly, inhaled NO, admini&­
tered alone at the dose used in this study (80 ppm), may 
have adverse effern in such patients. Nevertheless, the 
ability of inhaled NO to reduce PVR selectively (ie, 
without causing systemic vasodilation), resulted in a 
unique ph}'Siological situation and thus prOvided the 
basis for these navel obseJVlltioliS- Finally, on the basis 
of these observations, it is intriguing to speculate that 
an elevation in PVR may play an important adaptive 
role in patients with LV failure by limiting LV filling and 
thereby "protecting" the LV from excessive dilation, 
albeit at the expense of increased right ventricular work. 
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Inhaled nitric oxide in premature neonates with severe 
hypoxaemic respiratory failure: a randomised controlled trial 

JJhnPKinsella, WilliamFWalsh, CarlLBose, fuZe RGerstmann, JJI.abella, SmeetaSardesai, Michele CWalsh-Sukys, 
Martin J McCaffrey, lliuid N Comfie ld, VIJWd K Hhutani, G:try Rutter, Monika Baier, Steven H Abman 

Summary 

Background Inhaled nitric oxide improves oxygenation and 
lessens the need for e.xtrac01.poreal-menibrnne oxygenation 
in full-term neonates with hypoxaemic respiratocy failure and 
persistent pulmonacy hypertension, but potential adverse 
eflects are intracrnnial haemorrhage and chronic lung 
disease. We investigated whether loVI'-dose inhaled nitric 
oxide would in1prove slllVival in premature neonates with 
unresponsive severe hypoxaemic respiratocy failure, and 
would not increase the frequency or severity of intracrnnial 
haemorrhage or chronic lung disease. 

Methods We did a double-blind, rnndomised controlled trial 
in 12 perinatal centres that provide tertiacy care. 80 
premature neonates (gestational age ,;;;34 weeks) with 
severe hypoxaemic respiratocy failure were randomly 
assigned inhaled nitric oxide (n=48) or no nitric oxide (n=32, 
controls). Our primacy outcome was slllVival to discharge. 
Analysis was by intention to treat. We studied also the rnte 
and severity of int.racrnnial haemorrhage, pulmonacy 
haemorrhage, duration of ventilation, and chronic lung 
disease at 36 weeks' postconceptional age. 

Findings The two groups did not differ for baseline 
characteristics or severity of disease. fuhaled nitric oxide 
improved oxygenation after 60 min (p=0·03). SlllVival at 
discharge was 52% in the inhaled-nitric-oxide group and 4 7% 
in controls (p=0·65 ). Causes of death were mainly related to 
extreme prematurity and were sinlilar in the two groups. The 
two groups did not differ for adverse events or outcomes 
(intracrnnial haemorrhage grade 2-4, 28% inhaled nitric 
oxide and 33% control; pulmonacy haemorrhage 13% and 
9%; chronic lm1g disease 60% and 80%). 

Interpretation lDVI'-dose inhaled nitric oxide in1proved 
oxygenation but did not improve survival in severely 
hypoxaemic premature neonates. low-dose nitric oxide in 
the most critically ill premature neonates does not increase 
the risk of i.ntracrnnial haemorrhage, and may decrease risk 
of chronic lung injucy. 

Lancet1999;354: 1061-65 
See Commentary page·= 
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Introduction 
Early reports of inhaled nitric oxide in full-term neonates 
with persistent puhnonary hypertension showed sustained 
improvement in oxygenation.'·' Subsequently, 
randomised controlled trials of inhaled nitric oxide 
confirmed that this selective pulmonary vasodilator 
improves oxygenation and lessens the need for 
extracorporeal-membrane oxygenation in such 
neonates.' 5 Inhaled nitric oxide did not, however, 
improve morbidity or survivaL' In fi.lll-term neonates. 
survival is unlikely to be altered by innovative therapies 
for persistent p11lmonary hypertension because 
extracorporeal-membrane oxygenation is widely available 
and can be started quickly when more conservative 
therapies faiL The role of inhaled nitric oxide in 
premature neonates with hypoxaemic respiratory failure 
is, however, more controversial in terms of efficacy and 
safety.• In addition, extracorporeal-membrane 
oxygenation is not generally offered to premature 
neonates because of the risks of intracranial haemorrhage 
associated wth heparinisation, internal-jugular and 
common-carotid-vessel ligation, and mechanical 
cardiopulmonary bypass. 7 

Laboratory studies have shown that low-dose inhaled 
nitric oxide (5-20 parts per million [ppm]) leads to 
pulmonary vasodilation and improves gas exchange in 
premature lambs with respiratory-distress syndrome,'-' 0 

and previous clinical studies have suggested that inhaled 
nitric oxide acutely improves oxygenation in premature 
neonates. "-•• Effects on morbidity and survival in 
premature neonates have not, however, been tested in a 
controlled trial. Premature neonates are uniquely 
susceptible to oxidant lung injury, which could increase 
the risk of chronic lung disease, but the effects of inhaled 
nitric oxide on chronic lung disease have not been 
studied. Laboratory and clinical studies suggest that high 
doses of inhaled nitric oxide can increase bleeding 
time,"-" and two case reports have suggested a high rate 
of intracranial haemorrhage in premature neonates 
treated with inhaled nitric oxide. 18

·'
9 These case reports 

did not include control groups to find out the actual risk 
of intracranial haemorrhage, and there is no evidence 
from controlled trials that inhaled nitric oxide increases 
the risk of clinical bleeding complications in full-term 
neonates. 

We tested the hypothesis in a double-blind, 
randomised, controlled trial that the use of low-dose 
inhaled nitric oxide (5 ppm) would improve survival in 
premature neonates with severe hypoxaemic respiratory 
failure unresponsive to conventional therapies, and would 
not increase the incidence or severity of bleeding 
complications. Because of the uncertainty about the 
safety of exposure to inhaled nitric oxide in premature 
neonates, we limited the study population to selected 
premature neonates with severe hypoxaemic respiratory 
failure despite maximum therapeutic intervention and a 
high predicted mortality rate. 
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Flgure 1: Trial profile 

Methods 
Patients 
12 tertiary perinatal centres with clinical experience in inhaled­
nitric-oxide therapy participated in the trial. The study was 
approved by the Institutional Review Board at each centre, and 
by the US Food and Drug Administration under an investigator­
initiated investigational new drug exemption. Criteria for 
enrolment were: delivery at gestational age 34 weeks or less; age 
7 days or younger: severe hypoxaemia (arterial/alveolar oxygen 
ratio <0·10 on two sequential arterial-blood-gas measurements) 
despite mechanical ventilation and surfactant treatment 
(Survanta, Abbott Laboratories, Columbus, OH, USA, 
4 mL/kg) when indicated (based on a predicted mortality rate of 
50%). 20 Exclusion criteria were fatal congenital anomalies or 
congenital heart disease (except atrial and ventricular septal 
defects). We enrolled neonates after informed consent was 
obtained from parents. 

Study design 
Treatment assignment was designated by the central 
coordinating centre according to sequentially numbered 
randomisation cards, provided in sealed opaque envelopes with 
the order varied among hospitals. Randomisation was 
stratified by centre and gestational age (.;;28 weeks or >28 
weeks), balanced in blocks of ten in each stratum, based on an 
expected total enrolment of 210 patients. Cranial ultrasound 
examinations were done before enrolment to find out the 
baseline incidence and severity of intracranial haemorrhage 
(Papile standards). 21 

After randomisation. the ventilator circuit was configured to 
allow delivery of nitric oxide at 5 ppm, as described previously.' 
In patients assigned nitric oxide (n=48) the delivery system was 
activated. No supplemental gas was delivered to patients in the 
control group (n=12). Caregivers were unaware of whether nitric 
oxide was delivered. Delivery systems were monitored routinely 
(sham monitoring in the control group). Delivered nitric oxide 
and nitrogen dioxide concentrations were monitored by 
chcmilumincsccncc or electrochemical sensors-' After 7 days' 
administration, a period of no administration of study gas was 
tried. We limited the frequency of these periods to keep the risk 
of unmasking treatment assignment to a minimum. A threshold 
of 15% or more increase in oxygenation index (fraction of 
inspired oxygen [FiO,] X mean airway pressure X 1 00/arterial 
partial pressure of oxygen [PaO ,]) was used to warrant restarting 
study gas. If study gas was restarted, periods without gas were 
kept to every 2 days for a maximum treatment duration of 
14 days. We used oxygenation index for periods off gas because 
the calculation is straightforward for immediate bedside 
assessments, but after we had done analyses, we believed that 
PaO,/FiO, would be a more clinically useful comparison and 
present results in this way. 

Patients were mechanically ventilated with standard neonatal. 
time-cycled, pressure-limited ventilators or with high-frequency 
devices (Sensormedics 3100A High Frequency Oscillator, 
Sensormedics Inc, Yorba Linda, CA, USA, or Infant Star HFV, 
Infrasonics Inc, San Diego, CA). The consensus among centres 
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Characteristic 

Mean (SD) "'"lght (g) 
Mean (SD) gestational age (weeks) 
Sex (female/ male) 
Median (mnge) 1 min Apgar score 
Median (mnge) 5 min Apgar score 
No intracrnnial haemorrhage 
lntmcranial!Jaemon'bage (grade 2--4) 
Mean (SD) age at enrolment 01) 
Mean (SD) PaO/ FlO, (kPa) 
Mean(SD)pH 
Mean (SD) Pa 0?, (kPa) 

PaOO,=artcrial partial prossurc of camon dioxide. 

Thble 1: Baseline characteristics 

Inhaled n~ric 
oxide (11=48) 

1040 (4G1) 
27-1 (2·5) 
20/28 

4 (1-8) 
7 (2-9) 

35 (73%) 
7 (15%) 

30 (38) 
5·6 (2·4) 
7-33 (0-12) 
5-7 (1·9) 

Control (11=32) 

988 (387) 
2G-8 (2·5) 
12/20 

4 (1-9) 
6 (1-9) 

19 (59%) 
6 (19%) 

27 (37) 
5·6 (2-l) 
7-32 (Q.lQ) 

6-0 (2·1) 

was that a high-volume strategy would be used during high­
frequency oscillatory ventilation. The only ventilator prohibited 
was the Life Pulse High Frequency Ventilator (Bunnell Inc, Salt 
Lake City, UT, USA), because of limited information of the 
accurate measurement of delivered concentrations of inhaled 
nitric oxide. We did not allow changes in ventilator device or 
ventilator settings for the first 60 min of the trial to enable 
recording of acute responses to treatment. 

Statistical analysis 
We based sample-size estimates on a predicted 50% mortality in 
the control group." We estimated that 80% power to detect a 
30% decrease in mortality with inhaled nitric oxide required 105 
neonates in each treatment group. Safety analyses of mortality 
and rates of intracranial haemorrhage were done by an 
indepedent data, safety, and monitoring committee after 
enrolment of 20, 40, and 60 neonates, to find out whether the 
rate of adverse events warranted ending the trial. No such need 
was seen. 

A planned interim analysis after enrolment of 80 neonates, 
based on a randomisation-date cut ofT (study duration 2·5 years) 
showed that no signficant difference was detectable for the main 
outcome measure (survival to discharge) and that at the current 
enrolment rate, projections suggested detection of differences 
was unlikely in a reasonable time frame (based upon stochastic 
curtailment procedures). Interim analyses were done by the 
coordinating centre and the investigators were unaware of 
results. We did planned secondary analyses (eg, chronic lung 
disease and intracranial haemorrhage) of differences between 
treatment groups after the end of study. 

For the primary and secondary outcome measures, we did 
analyses by intention to treat. For acute changes in respiratory 
variables, the results for seven neonates (four on inhaled nitric 
oxide, three con trois) were censored because of protocol 
violations in the first 60 min of the trial (changes in ventilator 
devices or settings). Data from these neonates were, however, 
included for other study endpoints. 

We analysed binomial data with x' or Fisher's exact tests 
where appropriate. We compared normally distributed 
continuous data with Student's t test. Continuous data that were 

~~~:: 
:.~~ 

·\: .. ~:.;) 

~~~ 
~.;;. 

Flgure 2: PaO,/ FiO, results at baseline and 60 min after 
treatment 
*p<0-05 us control. 
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not normally distributed were compared with the Mann-\Vhitney 
U test. We set the significance level at p<0·05. 

Results 
Complete data were available for 80 neonates during the 
planned interim analysis (figure 1). The unequal 
distribution of neonates was because of the stratification 
scheme, which was based on our anticipated enrolment of 
20 neonates in each centre (ten of 12 centres enrolled 
fewer than ten neonates). Centres did not differ 
significantly in randomisation (p=0·92). No 
randomisation violations were reported to the 
coordinating centre. 

There were no differences between groups in baseline 
characteristics (table I). 79 (99%) neonates were treated 
with surfactant. Distriblltion of ethnic origin, antenatal 
corticosteroid treatment or treatment, with high­
frequency oscillatory ventilation at enrolment were 
similar in the inhaled-nitric-oxide and control groups. 

In the inhaled-nitric-oxide group, there was an acute 
improvement in PaO" after 60 min compared with the 
control group (p=0·03, figme 2). Arterial pH (7·32 [0·18] 
inhaled nitric oxide vs 7·32 [0·16] control) or arterial 
partial pressure of carbon dioxide (5·7 [2·9] vs 5·5 [2·4] 
kPa) did not differ between groups after 60 min. 
Methaemoglobin concentrations were also similar in the 
two groups (1·1% [0·72], inhaled nitric oxide 0·96 [0·60] 
control). Arterial-blood-gas measurements did not differ 
between groups after 60 min. In the first period off study 
gas after 7 days of treatment, treatment had to be 
restarted in three neonates (treatment was discontinued 
successfully on day 9 for one neonate and day II for 
two). Days on ventilators in survivors were significantly 
fewer in the inhaled-nitric-oxide group than in the control 
group (p=0·046). 

Survival to discharge or chronic lung disease (table 2) 
and days spent in hospital (median 86·5 [range 31-395] 
inhaled nitric oxide vs 79·0 [14-106] control) were 
similar in the two groups. Groups did not differ for 
incidence of pulmonary haemorrhage (13 vs 9%) or 
symptomatic patent ductus arteriosus (21 vs 19%). 
Periventricular leu co malacia occurred in two (8%) of 25 
neonates receiving inhaled nitric oxide and in two (13%) 
of 15 controls (p=0·62). Four neonates had retinopathy 
of prematurity that required treatment (one in the 
inhaled-nitric-oxide group, three in the control group, 
p=0·10). 

The rate and severity of intracranial haemorrhage at 
study entry was similar in the two groups (table 3). For 
intracranial-haemorrhage outcomes, the highest grade 
recorded (right or left) at age 7 days or 36 weeks 
postconceptional age was chosen to reflect intracranial­
haemorrhage severity. The rate of intracranial 
haemorrhage for each group did not differ in survivors 
(table2). 

We did cranial ultrasound scans at study entry and at 
age 7 days, because most intracranial haemorrhages occur 
in this timeY Therefore, to find out whether intracranial 
haemorrhage occurred in neonates who died before age 
7 days, we did a separate analysis that included results of 
cranial ultrasound scans done before 7 days as well as the 
results of necropsy. No intracranial-haemorrhage results 
were available for 11 of the 80 neonates who died 
suddenly before age 7 days and who did not undergo 
necropsy (five in the inhaled nitric oxide group, six in the 
control group). 13 neonates had cranial ultrasound scans 
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Outcome Inhaled nttric Control Relative lisk p 
oxide (95o/oCI) 

Survnru 25148 (52%) 15/32 (47%) 1·11 (0·70-1·8) 0·65 
Chronic lung disease 15125 (60%) 12/15 (80%) 0·75 <0·5-1·13) 0·30 
(oxygen at 36 ""eks) 
Thath, chroniC'. lung 37/48 (77%) 29/32 (91%) 0·85 (0·7-1·03) 0·14 
disease, or both 
Discharged on oxygen 13/25 (54%) 12/15 (80%) 0·65 (0·41-1·02) 0·10 
Median (range) 26 (3-69) 37 (lh'l95) 0·046 
'\entilatordays for suni.mts 

Table 2: Relative risks of outcomes 

after enrolment and before death before age 7 days, and 
additional intracranial-haemorrhage results were available 
from necropsies done in seven neonates. Therefore, 
results for intracranial haemorrhage were available for 43 
(90%) of 48 neonates in the inhaled-nitric-oxide group 
and 26 (81 %) of 32 controls (table 3). To find out 
whether inhaled nitric oxide increased the likelihood of 
new or worsened intracranial haemorrhage, we analysed 
the change in intracranial-haemorrhage grade from 
baseline between the two groups. A higher grade of 
intracranial haemorrhage after enrolment occurred in 19 
( 44%) of 43 neonates in the inhaled-nitric-oxide group 
and II (42%) of 26 controls (p=0·88). The groups did 
not differ for the incidence of intracranial haemorrhage 
within the stratum 28 weeks or less estimated gestational 
age (ie, at highest risk for intracranial haemorrhage). The 
rate of intracranial haemorrhage (grades 1-4) was 56% 
(18 of 32) for the inhaled-nitric-oxide group and 59% 
(ten of 17) for the control group. The rate of the grade 4 
intracranial haemorrhage was 19% for the inhaled-nitric­
oxide group and 29% for the control group. 11 (46%) of 
the 24 neonates on inhaled nitric oxide and four (50%) of 
eight controls in this stratum who did not have 
intracranial haemorrhage at baseline subsequently 
developed intracranial haemorrhage. 

Because the rate of intracranial haemorrhage in 
premature neonates is important to subsequent trials, we 
also did an analysis based on worst case scenario. We 
calculated the incidence of intracranial haemorrhage 
based on the premise that neonates in the inhaled-nitric­
oxide group who died before age 7 days with unknown 
intracranial-haemorrhage status (n=5) actually had grade 
4 intracranial haemorrhage and all neonates in the control 
group who died before age 7 days with unknown 
intracranial-haemorrhage status (n=6) actually had no 
intracranial haemorrhage. This analysis yielded a 
maximum potential rate for grade 4 intracranial 
haemorrhage of 29% for the inhaled-nitric-oxide group 
and 27% for the control group. With the prediction for 
the worst case scenario, a clinical trial designed to prove a 
significant increase in risk for grade 4 intracranial 

Inhaled nit lie Control p 
oxide (n=48) (11=32) 

'lbtal unknov.n JCH status 5/48 (10%) 6/32 (19%) Q.29 
Alive without ICH 15/25 (60%) 10/15 {67%) 0·67 
Alive v.ilh ICH <grade 1 18/25 (72%) 10/15 (67%) 0·72 
Ali"' with JCH grade 2-4 7/25 (28%) 5/15 {33%) o.n 
Died v.ithout JCH(<grade 1) 6/18 {33%) 3/11 (27%) 0·73 
Died v.ith JCH grade 2-4 12118 (67%) 8/11 (73%) Q.73 

Total known ICH incidence (survivors 
plus non-survivors) 
Grack> 1-4 22/43 (fi1%) 13/26 (50%) 0·93 
Gmck> 2-4 19/43 (44%) 13/26 (50%) ().56 
Gmde 3-4 16/43 (37%) 10/26 {40%) 0·92 
Gmde4 7/43 (16%) 7/26 (27%) 0·29 

JCH=intracmnial haemorrhage. 

Table 3: Outcomes for intracranial haeiTIOIThage 
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Inhaled nitric Control 
oxide (11=23) (11=17) 

Support Y.ithdniwn for severe ICH 6 (26%) 4 (24%) 
&treme prematurity(<25 "''eks) and MBOF 6 (26%) 4 (24%) 
PIEl' refmcimy respire 1o ry fu.ilure 3 (13%) 3 (18%) 
Bacterial sepsis 3 (13%) 2 (12%) 
Banal failure 2 (9%) 2 (12%) 
Pulmoruuy hypoplasia (non-CilD) 1 (4%) 2 (12%) 
Congenital diaphragmatic hernia 2 (9%) 0 

D.J=intracnmial haemorrhage; MBOF=multisystem organ failure; PIE=pulrnonazy 
i.ntemtitial emphysema; c.HD=-coronary heart-disease. 

'Th.ble 4: cause of death and associated disorders 

p 

0-85 
0-85 
0-49 
0-90 
0-75 
0-56 
0-50 

haemorrhage in neonates treated with inhaled nitric oxide 
(80% power, a=0-05) would require a minimum of 
15 000 neonates (with illness similar to those in this 
study). Causes of death and major associated disorders 
were similar in the two groups (table 4 ). 

Discussion 
Low-dose inhaled nitric oxide did not affect survival, but 
this study population had a high rate of mortality 
associated with complications of prematurity such as 
multisystem organ failure and intracranial haemorrhage. 
Because the potential adverse effects of inhaled nitric 
oxide on platelet adhesion and the attendant risks of 
intracranial haemorrhage are severe consequences of 
prematurity, we included only neonates with the most 
severe respiratory failure. 

One of our most important findings was that low-dose 
inhaled nitric oxide (5 ppm) did not affect the rate of 
severity of intracranial haemorrhage, in contrast to 
observational reports."·' 9 However, no increased 
incidence of intracranial haemorrhage was found in a 
small, lmblinded trial that tested the effects of inhaled 
nitric oxide and dexamethasone. 23 In our trial, we found 
that intracranial haemorrhage occurred with similar 
frequency in the inhaled-nitric-oxide and control groups. 
By obtaining all available ultrasound and necropsy 
findings, it is unlikely that we missed any hidden 
morbidity of intracranial haemorrhage. This observation 
is important to future studies of inhaled nitric oxide in 
premature neonates. Less severely ill premature neonates 
may be safely treated with low-dose inhaled nitric oxide 
without the risk of a bleeding diathesis. We did, however, 
use a constant low dose of inhaled nitric oxide for a 
minimum of 7 days. We based the use of low-dose 
inhaled nitric oxide on the results of previous laboratory 
and clinical studies, which showed optimum beneficial 
vasoactive and anti-inflammatory effects and low 
potential adverse effects on platelet adhesion. There 
is little information about the safety and efficacy of higher 
doses of inhaled nitric oxide in premature neonates. 
We did not use laboratory-based assessments of 
bleeding tendency because, in premature neonates, such 
laboratory measurements are imprecise. variable, and 
would not replace the clinically relevant endpoints we 
reported. 

Low-dose inhaled nitric oxide improved oxygenation 
and decreased the need for mechanical ventilation. 
Moreover, inhaled nitric oxide substantially lowered the 
frequency of chronic lung disease. We did not design this 
trial to test whether inhaled nitric oxide would have this 
effect on chronic lung disease. However, the possibility 
that inhaled nitric oxide may have preventive effects on 
lung injury is important, because, in addition to its effects 
on pulmonary haemodynamics and gas exchange during 
inhalation, this treatment may atiect neutrophil adhesion 
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in the microcirculation.24 In premature lambs at 78% of 
term, inhaled nitric oxide increased pulmonary blood 
t1ow and improved gas exchange without increasing 
pulmonary oedema 14

•
15 and decreased lung neutrophil 

accumulation. 16 The effects of low-dose inhaled nitric 
oxide on early neutrophil accumulation may have 
important clinical implications because neutrophils play 
an important part in the int1ammatory cascade that 
contributes to lung injury and the evolution of the most 
important sequel of respiratory-distress syndrome, 
chronic lung diseaseY-2

' Sequestration of neutrophils in 
the lung is an early step in a complex inflammatory 
response mediated through the elaboration of oxyradicals, 
proteases, phospholipases, and lipid compounds. 29 

Therapies that lower neutrophil accumulation in the lung 
in respiratory-distress syndrome could potentially modify 
the early inflammatory process that amplifies acute lung 
injury and contribute to the development of chronic lung 
disease. 30 

We did not study long-term effects of inhaled nitric 
oxide in premature neonates. We are continuing follow­
up studies on premature infants treated with inhaled 
nitric oxide and controls after 1 year, 2 years, and 6 years 
to assess neurodevelopmental outcomes. 

Low-dose inhaled nitric oxide may be effective as a 
lung-specific anti-inflammatory therapy to lessen lung 
neutrophil accumulation and the attendant inflammatory 
injury that contributes to the evolution of chronic lung 
disease. Sufficient evidence may now be available to 
warrant a controlled trial of low-dose inhaled nitric oxide 
in premature neonates with less severe disease. 
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4. In May 2004, INO Therapeutics LLC1 initiated a clinical trial, entitled 

"Comparison of Supplemental Oxygen and Nitric Oxide for Inhalation Plus Oxygen in 

the Evaluation of the Reactivity of the Pulmonary Vasculature During Acute Pulmonary 

Vasodilator Testing", and designated the INOT22 trial, to compare the utility and side 

effects of oxygen (02). nitric oxide (iNO) and a combination of iNO and 02 for 

determining pulmonary reactivity. 

5. The INOT22 study was to be an open, prospective, randomized, multi-

center, controlled diagnostic trial, with an expected total enrollment of a minimum of 150 

patients, in approximately 18 study sites over approximately 2 years. 

6. The expected patient population for enrollment into the INOT22 trial were 

subjects between the ages of four (4) weeks and eighteen (18) years undergoing 

diagnostic right heart catheterization scheduled to include acute pulmonary vasodilation 

testing to assess pulmonary vasoreactivity. The expected population were subjects with 

idiopathic pulmonary arterial hypertension, congenital heart disease (with or without 

intravascular shunt) with pulmonary hypertension and cardiomyopathies. 

7. The INOT22 study was established and designed by the study sponsor, 

INO Therapeutics LLC (INO), and a Steering Committee comprising internationally 

recognized experts in the field of pediatric heart and lung disease, whose members 

would assist INO to develop the INOT22 protocol, monitor the progress of the trial, and 

provide recommendations to INO on changes in the procedures and conduct of the trial. 

8. The Steering Committee consisted of: 

a. David L. Wessel, MD, presently Division Chief, Pediatric Critical 

Care Medicine at Children's National Medical Center, Washington, 

DC (co-author of Atz., et al., Seminars in Perinatology); 2 

1 INO Therapeutics LLC is a wholly owned subsidiary of lkaria, Inc .• and holder of the NDA for INOMAX. 
2 Cited in pending Office Action. 
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b. Robyn J. Barst, MD, presently Professor Emeritus of Pediatrics and 

Medicine, Columbia University College of Physicians and 

Surgeons, New York; and 

c. Duncan J. Macrae, MD, presently Director, Pediatric Intensive 

Care, Royal Brompton Hospital, London, U.K. (lead author of 

Macrae, et al., Intensive Care Medicine, 2004 )3 

9. The original INOT22 protocol designed by INO and the Steering 

Committee contained the following inclusion and exclusion criteria: 

Inclusion Criteria 

The patient must meet the following criteria: 

1. Have any one of the three disease categories: 

a. Idiopathic Pulmonary Arterial Hypertension 

i. PAPm >25mmHg at rest, PCWP s 15mmHg, and PVRI >3 u· m 
or diagnosed clinically with no previous catheterization. 

b. CHD with pulmonary hypertension repaired and unrepaired, 

2 
i. PAPm >25mmHg at rest, and PVRI >3 u· m or diagnosed 

clinically with no previous catheterization 

c. Cardiomyopathy 

2 
i. PAPm >25mmHg at rest, and PVRI >3 u•m or diagnosed 

clinically with no previous catheterization. 

2. Scheduled to undergo right heart catheterization to assess pulmonary 
vasoreactivity by acute pulmonary vasodilation testing. 

3. Males or females, ages 4 weeks to 18 years, inclusive. 

3 Cited in pending Office Action. 

2 
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4. Signed IRBIIEC approved informed consent (and assent if applicable). 

Exclusion Criteria 

The patient will be excluded from enrollment if any of the following are true: 

1. Focal pulmonary infiltrates on chest radiograph. 

2. Diagnosed with severe obstructive or restrictive pulmonary disease that is 
significantly contributing to the patient's pulmonary hypertension. 

3. Received treatment with nitric oxide for inhalation within 30 days prior to study 
initiation, are on other investigational medications, nitroglycerin, sodium 
nitroprusside, sildenafil, other PDE-5 inhibitors, or prostacyclin. 

4. Pregnant (urine HCG +). 

10. The INOT22 investigational plan and study protocol was further reviewed, 

and approved by the Institutional Review Board (IRB) and/or Independent Ethics 

Committee (IE C) at each of the participating study institutions, including review by the 

principal investigator within each study institution. 

11. At no time did any member of the Steering Committee, nor any member of 

an IRB, IEC, or individual principal investigator, appreciate, recognize or otherwise 

suggest that the exclusion criteria be amended to exclude study subjects with pre­

existing left ventricular dysfunction (LVD), due to an anticipated or predicted risk of 

adverse events or serious adverse events arising from the use of iNO in patients with 

pre-existing LVD, and/or elevated pulmonary capillary wedge pressure. Nor was it, in 

my expert opinion, common sense to any expert in this field of medicine to exclude 

neonates, near-term neonates or children diagnosed with pre-existing LVD to be 

excluded from having iNO administered for diagnostic or treatment purposes. 

12. After initiation and enrollment of the first 24 subjects in INOT22, there 

were 5 serious adverse events (SAEs}- a rate much higher than expected by INO and 
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the Steering Committee based on prior clinical experience. These were all 

cardiovascular events, and included pulmonary edema, cardiac arrest and hypotension 

(low blood pressure). 

13. Thereafter, in February 2005, INO and the Steering Committee convened 

to review the unexpected SAEs described above, and upon review and discussion, 

expressed concern that the unexpected SAEs may be due to the administration of iNO 

in subjects having pre-existing LVD . Accordingly, based upon a review of the cases, 

the exclusion criteria of the INOT22 protocol was amended to thereafter exclude 

subjects with pre-existing LVD. For the purpose of the study, the exclusion criteria was 

amended to exclude subjects from enrollment if the subjects demonstrated an elevated 

pulmonary capillary wedge pressure (PCWP), defined within the study as subjects 

having a PCWP greater than 20 mmHg. All study sites were notified immediately. The 

amended exclusion criteria (see point 5.) was as follows: 

Exclusion Criteria 

The patient will be excluded from enrollment if any of the following are true: 

1. Focal pulmonary infiltrates on chest radiograph. 

2. Diagnosed with severe obstructive or restrictive pulmonary disease that is 
significantly contributing to the patient's pulmonary hypertension. 

3. Received treatment with nitric oxide for inhalation within 30 days prior to study 
initiation, are on other investigational medications, nitroglycerin, sodium 
nitroprusside, sildenafil, other PDE-5 inhibitors, or prostacyclin. 

4. Pregnant (urine HCG +) 

5. Baseline PCWP > 20 mmHg 

14. Upon conclusion of the INOT22 study and completion of the final study 

report, INO noted that subsequent to excluding patients with pre-existing LVD, the rate 

of serious adverse events (including serious adverse events associated with heart 

failure) was significantly reduced. There were 5 SAEs amongst the first 24 subjects 

Ex. 2007-0533



Applicant : Baldassarre, James S. 
Serial No. : 12/820,866 
Filed : June 22, 2010 
Page : 6 of7 

Attorney's Docket No.: 1001-0002USC1 

prior to the additional exclusion criteria, but only 2 SAEs amongst the last 80 subjects in 

the study after the additional exclusion. Furthermore, there were 2 SAEs amongst the 4 

subjects with evidence of pre-existing left ventricular dysfunction, but only 5 SAEs 

amongst the 120 subjects without evidence of left ventricular dysfunction. 

15. Based upon this unexpected finding, on February, 25, 2009, INO 

submitted a labeling supplement to the FDA seeking to amend the prescribing 

information for INOMAX to include a warning statement for physicians such that the use 

of iNO in patients with pre-existing L VD could cause serious adverse events, such as 

pulmonary edema. 

16. On August 28, 2009, the FDA approved the INO labeling supplement and 

included (i) a statement in the Warnings and Precautions section of the I NO MAX 

prescribing information that states "Heart Failure: In patients with pre-existing left 

ventricular dysfunction, inhaled nitric oxide may increase pulmonary capillary wedge 

pressure leading to pulmonary edema", and (ii) new section 5.4 of the I NO MAX 

prescribing information that states "Patients who had pre-existing left ventricular 

dysfunction treated with inhaled nitric oxide, even for short durations, experienced 

serious adverse events (e.g., pulmonary edema)." 

17. Based upon my review of the medical literature of record in this patent 

application and pending Office Action, none of the prior art suggests, appreciates or 

otherwise recognizes that exclusion of neonates, near-term neonates or children with 

LV dysfunction from administration of iNO for diagnostic or treatment purposes would 

reduce the risk of adverse events and/or serious adverse events, as such terminology is 

well understood in the medical arts. 
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18. I hereby declare that all statements made herein of my own knowledge 

are true and that all statements made on information and belief are belleved to be true; 

and further that these statements were made with the knowledge that willful false 

statements and the like so made are punishable by fine or imprisonment, or both, under 

Section 1001 of Title 18 of the United States Code, and that such willful false 

statements may jeopardize the validity of any patent issuing from this patent application. 

James s. Baldassarre, M.D . 
.:? t 

// 
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and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Application No. Applicant(s) 

12/820,866 BALDASSARRE ET AL. 

Office Action Summary Examiner Art Unit 

ERNST V. ARNOLD 1613 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE~ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZ! Responsive to communication(s) filed on 01 October 2010. 

2a)[8J This action is FINAL. 2b)0 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8J Claim(s) 1-19 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 1-19 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) [8Jinformation Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 1011110. 

U.S. Patent and Trademark Off1ce 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20101019 
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Application/Control Number: 12/820,866 

Art Unit: 1613 

DETAILED ACTION 

Claims 1-19 are pending and under examination. 

Information Disclosure Statement 

The information disclosure statement (IDS) submitted on 10/1/10 was filed after 

the mailing date of the Office Action on 9/23/10. The submission is in compliance with 

the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is 

being considered by the examiner. 

Withdrawn rejections: 

Applicant's amendments and arguments filed 10/1/10 are acknowledged and have 

been fully considered. Any rejection and/or objection not specifically addressed below is 

herein withdrawn. Claims 1-19 were rejected under 35 U.S.C. 112, second paragraph. 

Applicant has shown that the art recognizes 'adverse events' and 'serious adverse events' 

as two separate 'events'. The terminology is now clear on the record and the rejection is 

withdrawn. Claims 11-19 were rejected under 35 U.S.C. 112, first paragraph. Applicant's 

have amended the claims to overcome this rejection. Accordingly, the rejection is 

withdrawn. Claims 3, 6, 11 and 15 were rejected under 35 U.S.C. 102(b) as being 

anticipated by The NIH (Critical Care Therapy and Respiratory Care Section; Nitric 

Oxide Therapy, May 2000, 13 pages). Applicant has amended the claims and changed the 

claim dependency and the rejection over these claims is withdrawn. Claims 1, 3, 5, 6, 11, 

13 and 15 were rejected under 35 U.S.C. 102(b) as being anticipated by Kinsella et al. 

Page 2 
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(The Lancet 1999, 354, 1061-1065). Applicant has argued and amended the claims and 

changed the claim dependency and the rejection over these claims is withdrawn. Claims 

3, 5, 6, 11, 13 and 15 were rejected under 35 U.S.C. 102(b) as being anticipated by Atz et 

al. (Seminars in Perinatology 1997, 21(5), pp 441-455). Applicant has amended the 

claims and changed the claim dependency and the rejection over these claims is 

withdrawn. 

The following rejections and/or objections are either reiterated or newly applied. 

They constitute the complete set of rejections and/or objections presently being applied to 

the instant application. 

Claim Rejections- 35 USC§ 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in 
public use or on sale in this country, more than one year prior to the date of application for patent in the 
United States. 

Claims 1 remains rejected under 35 U.S.C. 102(b) as being anticipated by The 

NIH (Critical Care Therapy and Respiratory Care Section; Nitric Oxide Therapy, May 

2000, 13 pages). 

The NIH (Critical Care Therapy and Respiratory Care Section; Nitric Oxide 

Therapy, May 2000, 13 pages) discloses that administration ofNO has been approved for 

use in the treatment of term or near term neonates and that that inhaled NO therapy is 

relative contraindicated for patients with severe left ventricular failure and to beware of 

increased left ventricular filling associated with rapid changes in pulmonary pressures 

Page 3 
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(pages 2-3 of 13). A contraindication means literally contra- (against) an indication, 

against something that is indicated as advisable or necessary and a relative 

contraindication is a condition which makes a particular treatment or procedure 

inadvisable but does not rule it out. Therefore, in reading the guidelines set forth by the 

NIH one of ordinary skill in the art would practice the instant method by identifying a 

patient eligible for iNO treatment and then diagnosing/evaluating/screening/determining 

for a pre-existing left ventricular dysfunction in the patient and if present exclude the 

neonate from treatment to avoid/reduce the risk of the adverse 

events/hazards/complications but administer the treatment if the patient is not 

contraindicated. Claim 1 is therefore anticipated. 

Response to arguments: 

Applicant asserts that the Magnuson Clinical Center does not have a neonatal 

intensive care unit. This is irrelevant. The NIH (Critical Care Therapy and Respiratory 

Care Section; Nitric Oxide Therapy) teaches that neonates are the target population for 

iNO treatment. "NO has been approved for use in the treatment of term or near term (> 

34 weeks) neonates ... " (page 2 of 13; 3.1 Administration ofNO in the MICU). 

Applicant asserts that the NIH reference does not teach elevated PCWP or PCWP 

> 20 mmHg. This is irrelevant. Claim 1 does not recite this limitation either. 

Applicant notes, as did the Examiner, that iNO is a relative contraindication for 

severe left ventricular failure. Applicant erroneously concludes that this does not apply to 

children because the hospital does not have a neonatal ICU. The Examiner cannot agree 

because the NIH manual states that neonates are the approved patient population as 

discussed above. 
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Applicant asserts the reference is nonenabling and does not exclude children from 

receiving iNO where such children have L VD, elevated PCWP or PCWP > 20 mmHg 

and it fails to mention reducing the risk of adverse events or serious adverse events. 

Respectfully, the Examiner cannot agree. The PCWP is not a limitation of claim 1. The 

manual clearly sets forth iNO as a relative contraindication with the consequence of 

adverse events form its use. That is what HAZARDS/COMPLICATIONS means (see 

page 3 of 13). Applicant argues that one would not add NaCL to water unless the 

reference teaches the act of adding N aCl to water. Somehow this applies to the NIH 

reference allegedly not stating ipsis verbis excluding children with pre-existing LVD. As 

explained by the Examiner, a relative contraindication makes the treatment inadvisable 

but does not rule it out. If something is inadvisable then the practitioner can exclude the 

treatment. This is inherent in the term. As stated above, the ordinary practitioner in 

reading the guidelines set forth by the NIH one of ordinary skill in the art would practice 

the instant method by identifying a patient eligible for iNO treatment and then 

diagnosing/evaluating/screening/determining for a pre-existing left ventricular 

dysfunction in the patient and if present exclude the neonate from treatment to 

avoid/reduce the risk of the adverse events/hazards/complications but administer the 

treatment if the patient is not contraindicated. This is inherent in the disclosure of the 

NIH. 

Applicant's arguments are not persuasive and the rejection is maintained. 
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Claim Rejections- 35 USC§ 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in 
public use or on sale in this country, more than one year prior to the date of application for patent in the 
United States. 

Claims 1 remains rejected under 35 U.S.C. 102(b) as being anticipated by Atz et 

al. (Seminars in Perinatology 1997, 21(5), pp 441-455). 

Atz et al. disclose methods using inhaled nitric oxide in the neonate with cardiac 

disease (title and Abstract pages 441-453). Atz et al. disclose that: "Caution should be 

exercised when administering NO to patients with severe left ventricular dysfunction and 

pulmonary hypertension." (page 452, left column). Atz et al. continues with: "Therefore, 

in newborns with severe left ventricular dysfunction, predominantly left to right shunting 

at the foramen ovale and exclusively right to left shunting at the ductus arteriosus, NO 

should be used with extreme caution, i[at all. We and others have reported adverse 

outcomes in this circumstance." (page 452, left column) (Examiner added emphasis). 

Thus, Atz et al. fairly teaches excluding patients with left ventricular dysfunction from 

inhaled NO treatment because the Examiner interprets "if at all" to mean no treatment 

and hence exclusion from treatment and consequently any adverse events are reduced. 

The left ventricular dysfunction is inherently pre-existing and therefore instant claim 1 is 

anticipated. 

Response to arguments: 

Applicant asserts that "extreme caution" is not the same as 'excluding' and the 

recitation of "if at all" is at odds with the data provided. The Examiner has stated clearly 
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how the Examiner interpreted 'if at all' to mean no treatment and hence exclusion from 

treatment and consequently any adverse events are reduced. The rejection over claims 

reciting elevated PCWP or PCWP > 20 mmg Hg have been withdrawn. However, claim 1 

does not recite these limitations and the rejection is maintained. 

Claim Rejections- 35 USC§ 103 

The following is a quotation of35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in section 102 of this 
title, if the differences between the subject matter sought to be patented and the prior art are such that the subject matter as a 
whole would have been obvious at the time the invention was made to a person having ordinary skill in the art to which said 
subject matter pertains. Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

Claims 1-19 remain/are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Atz et al. (Seminars in Perinatology 1997, 21(5), pp 441-455) and Kinsella et al. 

(The Lancet 1999, 354, 1061-1065) and Bolooki (Clinical Application of the Intra-Aortic 

Balloon Pump 1998, 3rd Ed. Pp 252-253) and Loh et al. (Circulation 1994, 90, 2780-

2785) and The NIH (Critical Care Therapy and Respiratory Care Section; Nitric Oxide 

Therapy, May 2000, 13 pages). 
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This application currently names joint inventors. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the 

various claims was commonly owned at the time any inventions covered therein were 

made absent any evidence to the contrary. Applicant is advised of the obligation under 

3 7 CFR 1.56 to point out the inventor and invention dates of each claim that was not 

commonly owned at the time a later invention was made in order for the examiner to 

consider the applicability of 35 U.S.C. 1 03( c) and potential 35 U.S.C. 1 02( e), (f) or (g) 

prior art under 35 U.S.C. 103(a). 

Applicant claim, for example: 

1 . {Presently Amended) A n·1etl1od of feduclng .~h~.J.\§.h .. Qf one or more adverse 

eve-nts or serlous adverse ever1ts ~n ar: intem.i~~d pHtient population cornprtslng neonates 

or neBr-~erm nt:"'n:ates in r~:eed o:f be:~in9 treated with inha!ation of nftric oxide cornprlsing 

t3xcluchng frons suc11 tre~tmenl.anyone in ~he intt1n:dec patient porx.d~tl.bn having pre~ 

2. ~Presently Arnended} +-Ae·met~i--of-c+aim·-4-; A method of r:edydng the rtsk of 

OO:~.S~LJDf,1f§ .. flfi~~~m.f! .. §:'t§G1~.QL§gi~~:UL.f!:~t:£§fR§J,t:-.~nt~..ifl.EUJ..Lnt§fui.~t!.t~,~-k~D.t.I?.91~!Al~1!2n. 

QQt!'lpri~ing n§:9fi<';ltgg or n§rr·tQrm ng<?tlt)tgs in rHN'lJ ;gf Qe!nsl tm~1tt'9 1Nitl'1 inh?!~ltiqr~ g:< 

D.ttfhQ,9-~L~t~Lt&DJ.Qf.:t~~t1fLg!J.:1J,QHJfLfJQliL~~lSJ11JiitJ1!D1§:HLgm:Qit©JDJ1l!£jllt!K1flQ~~t2~~Jmn1 

blQI.{Ul{.lfon havinq pr~~~}:;l~ting IHJ) ,_.·enl.ricul?r di·slunction, \>vher:E,in anycme in the 

jntended patient ~)op~.k.1tion further has a pu!rnormry capnary ~,~,.edge pressure greater 

than 20 mm Hg, 

Determination of the scope and content of the prior art 

(MPEP 2141.01) 
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Atz et al. teach methods using inhaled nitric oxide in the neonate with cardiac 

disease (title and Abstract). Atz et al. teach that: "Caution should be exercised when 

administering NO to patients with severe left ventricular dysfunction and pulmonary 

hypertension." (page 452, left column). Atz et al. continues with: "Therefore, in 

newborns with severe left ventricular dysfunction, predominantly left to right shunting at 

the foramen ovale and exclusively right to left shunting at the ductus arteriosus, NO 

should be used with extreme caution, i[at all. We and others have reported adverse 

outcomes in this circumstance." (page 452, left column) (Examiner added emphasis). 

Thus, Atz et al. fairly teaches excluding patients with left ventricular dysfunction from 

inhaled NO treatment because the Examiner interprets "if at all" to mean no treatment 

and hence exclusion from treatment. The left ventricular dysfunction is intrinsically pre-

existing. The methods disclosed by Atz et al. are interpreted to mean identifying a patient 

eligible for N 0 treatment; diagnosing if the patient has left ventricular dysfunction; 

excluding that patient with left ventricular dysfunction from treatment with NO but 

Page 9 

treating the patient with NO for other conditions discussed by Atz et al. with inhalation of 

NO thereby reducing the risk of adverse events associated with the medical treatment. 

Atz et al. teach neonates with pulmonary hypertension (Abstract and page 442, left 

column to right column). 

Bolooki teaches using intra-aortic balloon pump as well as nitroglycerin and 

calcium channel blockers in the treatment ofleft ventricular dysfunction (pages 252-253). 

The NIH (Critical Care Therapy and Respiratory Care Section; Nitric Oxide 

Therapy, May 2000, 13 pages) establishes that inhaled NO therapy is relative 

contraindicated for patients with severe left ventricular failure and to beware of increased 
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left ventricular filling associated with rapid changes in pulmonary pressures (pages 2-3 of 

13). Thus, it is a medical mainstream concept that inhaled NO therapy is relative 

contraindicated for patients with left ventricular dysfunction. 

Kinsella et al. teach excluding patients (premature neonates) from inhaled nitric 

oxide treatment if they have fatal congenital anomalies or congenital heart disease 

(Abstract and page 1062, Methods). Since left ventricular dysfunction is a congenital 

heart disease, as acknowledged by Applicant, (see specification [0028]), and it would be 

pre-existing, then the methods of Kinsella et al. inherently exclude this patient population 

from the method. The patients also had pulmonary hypertension which would be 

associated with the cardiac function (Abstract). Thus, one or more adverse events are 

reduced in the neonates excluded from the method. The neonate must breathe oxygen to 

survive. Furthermore, if the patients are already excluded then any further limitations on 

the treatment are truly irrelevant. The intended patient population is inherently at risk of 

one or more adverse events. Patients are inherently identified for nitric oxide inhalation 

treatment, diagnosed for congenital heart disease which inherently includes left 

ventricular dysfunction, and if the patient meets the criteria than treatment with NO is 

performed thereby reducing the risk of adverse events associated with the treatment. The 

neonate must breathe oxygen to survive. 

Loh et al. teach that inhaled nitric oxide in patients with left ventricular 

dysfunction may have adverse effects in patients with LV failure (Title and Abstract). 

Ascertainment of the difference between the prior art and the claims 

(MPEP 2141.02) 
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1. The difference between the instant application and Atz et al. is that Atz et al. 

do not expressly teach a method of excluding patients from treatment with a pulmonary 

Page 11 

capillary wedge pressure greater than 20 mm Hg or using a ventilator for the treatment or 

idiopathic pulmonary arterial hypertension/ congenital heart disease/ cardiomyopathy or 

catheterization characterized by different means. This deficiency in Atz et al. is cured by 

the teachings of Kinsella et al., Loh et al., The NIH and common sense. 

2. The difference between the instant application and Atz et al. is that Atz et al. 

do not expressly teach: reducing the left ventricular afterload with nitroglycerin, calcium 

channel blocker or intra-aortic balloon pump such that pulmonary edema is 

reduced/minimized. This deficiency in Atz et al. is cured by the teachings of Bolooki. 

Finding of prima facie obviousness 

Rational and Motivation (MPEP 2142-2143) 

1. It would have been obvious to one of ordinary skill in the art at the time the 

claimed invention was made to perform the method of Atz et al. and exclude patients 

with left ventricular dysfunction wherein the intended patient population is excluded that 

has a pulmonary capillary wedge pressure greater than 20 mm Hg or using a ventilator 

for the treatment or idiopathic pulmonary arterial hypertension/congenital heart 

disease/cardiomyopathy or catheterization characterized by different means, as suggested 

by Loh et al., the NIH and Kinsella et al., and produce the instant invention. 

One of ordinary skill in the art would have been motivated to do this because Atz 

et al. clearly teach using extreme caution or not using NO at all in the treatment of 
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patients with left ventricular dysfunction and the art of Kinsella et al. establishes 

Page 12 

excluding certain patients from treatment. Furthermore, the NIH teaches that inhaled NO 

therapy is relative contraindicated for patients with left ventricular dysfunction. In other 

words, the art is already well aware and informed that inhaled NO is contraindicated 

for patients with left ventricular dysfunction, and consequently it is not inventive to 

exclude that patient population from treatment when the art already suggests it! Thus it 

is no stretch of the imagination to exclude patients with left ventricular dysfunction with 

or without the myriad number of other conditions characterized by various medical 

parameters claimed by Applicant from inhaled nitric oxide therapy in order to avoid 

adverse outcomes as taught by Atz et al. which intrinsically include all the adverse events 

recited by Applicant. The ordinary artisan would err on the side of caution for the benefit 

of the patient. Such patients intrinsically have a pulmonary capillary wedge pressure of 

greater than 20 mm Hg. In other words, the teachings of Atz et al. include the patients 

with left ventricular dysfunction intrinsically that have a pulmonary capillary wedge 

pressure of greater than 20 mm Hg. Inhaled NO increased the wedge pressure as taught 

by Loh et al. (see entire document) Furthermore, it is merely a design choice by the 

ordinary artisan to select a ventilator to administer the gas. This is just common sense. 

Furthermore, with respect to instant claims 3 and 4, if the patients are already excluded 

from treatment then any further limitations on the treatment are truly irrelevant. 

2. It would have been obvious to one of ordinary skill in the art at the time the 

claimed invention was made to reducing the left ventricular afterload with nitroglycerin, 

calcium channel blocker or intra-aortic balloon pump such that pulmonary edema is 

reduced/minimized, as suggested by Bolooki, and produce the instant invention. 
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One of ordinary skill in the art would have been motivated to do this because 

administration of nitroglycerin, calcium channel blocker or intra-aortic balloon pump to 

treat left ventricular dysfunction is a common technique in the art as taught by Bolooki 

and intrinsically reduces the left ventricular afterload and reduces pulmonary edema. 

In light of the forgoing discussion, the Examiner concludes that the subject matter 

defined by the instant claims would have been obvious within the meaning of 35 USC 

103(a). 

From the teachings of the references, it is apparent that one of ordinary skill in the 

art would have had a reasonable expectation of success in producing the claimed 

invention. Therefore, the invention as a whole was prima facie obvious to one of ordinary 

skill in the art at the time the invention was made, as evidenced by the references, 

especially in the absence of evidence to the contrary. 

Response to arguments: 

Please note that the Declarations of Smith and Baldassarre will be addressed with 

the arguments below. 

Applicant first discusses the INOT22 study designed by international experts in 

the field of pediatric heart and lung disease. The original NOT22 protocol did not exclude 

patients with pre-existing LVD. Applicant states that at no time did any member 

appreciate, recognize or otherwise suggest that the exclusion criteria be amended to 

exclude study subjects with pre-existing LVD due to an anticipated or predicted risk of 

adverse events or serious adverse events arising from the use of iNO in patients with pre-

existing L VD and/or elevated capillary wedge pressure. This is really irrelevant because: 

1) the Examiner is not citing INOT22 study as prior art and therefore whatever the panel 
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of experts failed to appreciate or recognize is moot; and 2) the preponderance of art cited 

by the Examiner (in the 103 rejection here as well the art made of record), especially Atz 

et al., fairly teaches excluding patients with left ventricular dysfunction from inhaled NO 

treatment because the Examiner interprets "if at all" to mean no treatment and hence 

exclusion from treatment. Applicant acts surprised that patients with pre-existing L VD 

were at risk of adverse or serious adverse events from iNO therapy but he art has already 

established such knowledge. Applicant states that Dr. Baldassarre did not anticipate or 

predict that patients with pre-existing L VD would be at risk of adverse events or serious 

adverse events arising from treatment with iNO and that one of skill in the art at the time 

of the invention would not have predicted or anticipated that patients with pre-existing 

L VD would be at risk of adverse events or serious adverse events arising from treatment 

with iNO. This is simply ignoring the art as a whole. This position by Applicant is 

especially problematic when the art, Loh et al., clearly teaches that patients with 

pulmonary artery wedge pressure, which is synonymous with the instantly claimed 

pulmonary capillary wedge pressure, o(greater than or equal to 18 mm Hg had a greater 

effect of inhaled NO due to the greater degree of reactive pulmonary hypertension 

present in such patients (page 2784, left column). Loh et al. state: "Since the degree of 

reactive pulmonary hypertension is generally related to the severity of hemodynamic 

compromise in patients with LV failure. it might be anticipated that patients with more 

severe heart failure will have a more marked hemodynamic response to inhaled NO." 

Loh et al. examined this prediction further and verified it (page 2784, left column). 

Therefore, contrary toApplicant' s assertion that "one of skill in the art at the time of the 

invention would not have predicted or anticipated that patients with pre-existing L VD 
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LV failure from inhaled NO (p 2780, Abstract). 
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Applicant then argues that Loh et al. is directed to adults and not children. This is 

correct. Applicant and Smith asserts that iNO clinical studies in adults cannot be 

extrapolated to children, neonates or near-term neonates. Applicant and Smith concludes 

that the teachings of Loh et al. are irrelevant to the instantly claimed invention. 

Respectfully, the Examiner cannot agree. The art is not examined in a vacuum but rather 

as a whole. The Lipshultz article is a review of current issues in clinical research and 

teaches that children are not small adults. Applicant and Smith construe this article to 

mean that iNO clinical studies involving adults cannot be extrapolated to children, 

neonates or near-term neonates. This is an invalid conclusion. Nowhere in Lipshultz does 

it say never to extrapolate iNO clinical studies on adults to children with L VD. However, 

these arguments are moot because the art has already performed iNO therapy on neonates 

as discussed above and observed adverse effects. In other words, the Examiner gives no 

weight to the reference ofLipshultz given the preponderance of art as a whole. 

Applicant argues that none of the references mentions or recognizes using pre-

existing LVD, elevated LVD or PCWP>20 mmHg as exclusionary criteria. Respectfully, 

the examiner cannot agree because at least Loh et al. teach predicting adverse effects in 

patients with pulmonary capillary wedge pressure, o(greater than or equal to 18 mm Hg 

as discussed above. It stands to reason that adults with pulmonary capillary wedge 

pressure of greater than or equal to 18 mm Hg have adverse effects from iNO and that 

neonates are subject to adverse effects from iNO then neonates with pulmonary capillary 
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Applicant continues to argue that if experts did not recognize or anticipate adverse 

events associated with the use of iNO in patients with pre-existing L VD then the level of 

skill is presumptively extraordinary skill and it is that much more surprising and 

supportive of the non-obviousness of the claims. Respectfully, the Examiner cannot agree 

given the art as a whole as explained above. The Examiner cannot control what the 

'experts' read and apply to their studies but the art clearly teaches adverse effects in 

neonates from iNO therapy was public knowledge. At most what Applicant has done is 

practice/confirm what was already known in the art. 

Respectfully, after consultation with supervisory patent examiner Brain Kwon and 

quality assurance specialist Jean Vollano, we are in agreement that these arguments, 

Declarations and amendments are not persuasive to overcome the rejection. 

Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created 

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 

unjustified or improper timewise extension of the "right to exclude" granted by a patent 

and to prevent possible harassment by multiple assignees. A nonstatutory obviousness-

type double patenting rejection is appropriate where the conflicting claims are not 

identical, but at least one examined application claim is not patentably distinct from the 
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reference claim(s) because the examined application claim is either anticipated by, or 

would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 

1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 

2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re 
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VanOrnum, 686 F.2d 937,214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 

USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 

1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 

1.321(d) may be used to overcome an actual or provisional rejection based on a 

nonstatutory double patenting ground provided the conflicting application or patent either 

is shown to be commonly owned with this application, or claims an invention made as a 

result of activities undertaken within the scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a 

terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with 

37 CFR 3.73(b). 

1. Claims 1-19 are provisionally rejected on the ground of nonstatutory 

obviousness-type double patenting as being unpatentable over claims 1-19 of copending 

Application No. 12/820980. Although the conflicting claims are not identical, they are 

not patentably distinct from each other because the instant subject matter embraces or is 

embraced by the subject matter of the copending subject matter. Both applications are 

drawn to methods of reducing one or more adverse events in a patient population by 

excluding from treatment anyone with pre-existing left ventricular dysfunction. 
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The copending application does not expressly teach near-term neonates or 

neonates. 
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However the copending broadly teaches children patient population which would 

include neonates and near-term neonates as clearly neonates are children. The instant 

specification defines 'children' as being 4 weeks old [0023] which would be newborn 

and hence neonatal. 

Therefore one of ordinary skill in the art would have recognized the obvious 

variation of the instant application over the cop ending application. 

This is a provisional obviousness-type double patenting rejection because the 

conflicting claims have not in fact been patented. 

2. Claims 1-19 are provisionally rejected on the ground of nonstatutory 

obviousness-type double patenting as being unpatentable over claims 1-20 of copending 

Application No. 12/821020. Although the conflicting claims are not identical, they are 

not patentably distinct from each other because the instant subject matter embraces or is 

embraced by the subject matter of the copending subject matter. Both applications are 

drawn to methods of reducing one or more adverse events in a patient population by 

excluding from treatment anyone with pre-existing left ventricular dysfunction. 

The copending application does not expressly teach the intended population as 

having one or more conditions. 

However the copending application is drawn to the same patient population which 

intrinsically has one or more conditions as instantly claimed. 

Therefore one of ordinary skill in the art would have recognized the obvious 

variation of the instant application over the cop ending application. 
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This is a provisional obviousness-type double patenting rejection because the 

conflicting claims have not in fact been patented. 

3. Claims 1-19 are provisionally rejected on the ground of nonstatutory 

obviousness-type double patenting as being unpatentable over claims 1-20 of copending 

Application No. 12/821041. Although the conflicting claims are not identical, they are 

not patentably distinct from each other because the instant subject matter embraces or is 

embraced by the subject matter of the copending subject matter. Both applications are 

drawn to methods of reducing one or more adverse events in a patient population by 

excluding from treatment anyone with pre-existing left ventricular dysfunction. 

The copending application does not expressly teach the intended population as 

having one or more conditions. 
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However the copending application is drawn to the same patient population which 

intrinsically has one or more conditions as instantly claimed. 

Therefore one of ordinary skill in the art would have recognized the obvious 

variation of the instant application over the cop ending application. 

This is a provisional obviousness-type double patenting rejection because the 

conflicting claims have not in fact been patented. 

Response to arguments: 

Applicant will file a terminal disclaimer upon allowance of the instant application. 

Until that time the claims remain rejected. 
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No claims are allowed. 

Applicant is reminded that for any amendments to the claims (including any new 
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claim) that is not encompassed by the preexamination search and accelerated examination 

support documents previously filed, applicant is required to provide updated 

preexamination search and accelerated examination support documents that encompass 

the amended or new claims at the time of filing the amendment. Failure to provide such 

updated preexamination search and accelerated examination support documents at the 

time of filing the amendment will cause the amendment to be treated as not fully 

responsive and not to be entered. See MPEP § 708.02(a) subsection VIII.D. for more 

information. 

If the reply is not fully responsive, the final disposition of the application may 

occur later than twelve months from the filing of the application. 

Any reply or other papers must be filed electronically via EFS-Web so that the 

papers will be expeditiously processed and considered. If the papers are not filed 

electronically via EFS-Web, the final disposition of the application may occur later than 

twelve months from the filing of the application. 

Any reply to this communication filed via EFS-Web must include a document that 

is filed using the document description of "Accelerated Exam - Transmittal 

amendment/reply." Applicant is reminded to use proper indexing for documents to avoid 

any delay in processing of follow on papers. Currently document indexing is not 

automated in EFS-Web and applicant must select a particular document description for 
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each attached file. An incorrect document description for a particular file may potentially 

delay processing of the application. A complete listing of all document codes currently 

supported in EFS-Web is available at 

http://www. uspto. gov I ebc/portal/ efs/ efsweb _document_ descriptions .xls. 

Any payment of fees via EFS-Web must be accompanied by selection of a proper 

fee code. An improper fee code may potentially delay processing of the application. 

Instructions on payment of fees via EFS-Web are available at 

http://wv-,"vv.uspto.gov/ebc/portal/efs/quick-start.pdf. 

Applicant's amendment necessitated the new ground( s) of rejection presented in 

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of the 

advisory action. In no event, however, will the statutory period for reply expire later than 

SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ERNST V. ARNOLD whose telephone number is 

(571)272-8509. The examiner can normally be reached on M-F 7:15-4:45. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
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supervisor, Brian Kwon can be reached on 571-272-0581. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. Status 

information for unpublished applications is available through Private PAIR only. For 

more information about the PAIR system, see http://pair-direct.uspto.gov. Should you 

have questions on access to the Private PAIR system, contact the Electronic Business 

Center (EBC) at 866-217-9197 (toll-free). Ifyou would like assistance from a USPTO 

Customer Service Representative or access to the automated information system, call 

800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Ernst V Arnold/ 
Primary Examiner, Art Unit 1613 
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Title of Application 

Mail Stop After Final Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-'1450 

Methods of Treating Term and Near-Term 
Neonates Having Hypoxic Respiratory 
Failure Associated vJith Clinical or 
Echocardiographic Evidence of Pulmonary 
H\Jr.c.t"tc. .• -,.:-jon 

f{EPL Y AFTER FINAL {37 CFR 1, 116) 
ACCELERATED EXAM-TRANSMITTAL R_EPL Y 

T!lis cornmunication is responsive to the Final Office Action mailed November 2. 

2010, setting a shortened statutory period for reply of 3 months. 

Applicant respectfully requr~sts entry of this Reply After Final, reconsideration of 

the pending rejections, and allowance of the application. A listing of tt1e claims and 

amendments thereof is shown starting at page 2. 

Applicant furt!1er asserts tllat U1is Reply After Final has been diligently filed and 

that the application is in compliance with MPEP 708.02(a)(lV) Afier-Final and A,ppea! 

Procedures, thus maintaining the application's status as an accelerated application. 

Remarks to the pending Office Action begin at page 4. 
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Amendments to the Claims 

Please cancel claims 1-10 and 12-19. In addition, amend claim 11 and add new 

claims 20-22. 

1-10. Canceled. 

11. {Twice Amended) A method of reducing the risk of the occurrence, in a 

patient under the age of 18 bein§ a nenonate or near term neonate, of one or more 

adverse events or serious adverse events associated with a medical treatment 

comprising inhalation of nitric oxide, said method comprising: 

(a) identifying a patient under the age of 18 who is eligible for inhalation of to 

receive inhaled nitric oxide treatment according to FDA-approved prescribing 

information; 

(b) determining if said eligible patient has pre-existing left ventricular dysfunction 

evidenceel by an elm:ateel pulmonary capillary weel§e pressure; 3REI, 

(c) administering said inhaled nitric oxide meelical treatment to said eligible 

patient if said eligible patient does not have pre-existing left ventricular dysfunction, 

wherein saiEI patient is excludeEI from bein§ administered saiel medical treatment if saiEI 

patient f:las pre existin§ left ventricular Elysfunction; and 

(d) not administering said inhaled nitric oxide to said eligible patient if said eligible 

patient has pre-existing left ventricular dysfunction in order to reduce tf:lereby reducin§ 

the risk of the occurrence of the adverse event or serious adverse event associated with 

said inhaled nitric oxide medical treatment. 

12-19. Canceled. 

20. (New) A method of reducing the risk of one or more adverse events or 

serious adverse events associated with the use of inhaled nitric oxide in patients under 

the age of 18, said method comprising: 

a. providing a source of pharmaceutically acceptable nitric oxide gas for 

inhalation to a medical provider; 
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b. informing the medical provider that inhaled nitric oxide is contraindicated in 

the treatment of neonates known to be dependent on right-to-left shunting of blood; 

c. providing an additional warning to the medical provider, independent of the 

contraindication for neonates known to be dependent on right-to-left shunting of blood, 

that inhaled nitric oxide may increase pulmonary wedge pressure leading to pulmonary 

edema in patients under the age of 18 with pre-existing left ventricular dysfunction. 

21. (New) The method of claim 20, further providing an additional warning to the 

medical provider that independent of the contraindication for right-to-left shunt, patients 

under the age of 18 who had pre-existing left ventricular dysfunction treated with inhaled 

nitric oxide, even for short durations, experienced serious adverse events. 

22. (New) A method of reducing the risk of one or more adverse events or 

serious adverse events in patients under the age of 18 in need of treatment with inhaled 

nitric oxide comprising: 

a. providing a source of pharmaceutically acceptable nitric oxide gas for 

inhalation to a medical provider; and 

b. informing the medical provider that inhaled nitric oxide may increase 

pulmonary wedge pressure leading to pulmonary edema in patients with pre-existing left 

ventricular dysfunction that are eligible to receive inhaled nitric oxide treatment. 

23. (New) The method of claim 22, wherein patients eligible to receive inhaled 

nitric oxide treatment excludes neonates known to be dependent on right-to-left 

shunting of blood. 
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REMARKS 

Applicant would like to thank Examiner Kwon and Examiner Arnold for providing 

Applicant an opportunity to discuss the subject matter of the present application during 

the interview of January 10, 2011, conducted in connection with Applicant's related, co­

pending patent applications 12/821,020 and 12/821,041. 

Claims 11 and 20-22 are pending in the application. The application contains 

three independent claims (claims 11, 20 and 22), five total claims, and no multiple 

dependent claims. As such, the application continues to comply with the 3/20 claim 

limitation for accelerated applications. 

Claim 11 has been amended, and new claims 20-23 have been added to more 

particularly point out and distinctly claim the subject matter applicant regards as the 

invention and to address matters discussed during the interview of January 10, 2011. 

The claims have been amended without prejudice. Each of these claims is believed 

allowable over the prior art of record for at least the reasons described below. 

As discussed at the interview, the prior art cited by the Examiner is addressed to 

two patient populations that are not the subject of the claimed invention. In particular, 

some of the disclosures in the cited prior art (e.g., the "NIH reference," and Loh et at., as 

cited in the Office Action mailed November 2, 2010) are directed to potential effects of 

inhaled nitric oxide on adults with left ventricular dysfunction due primarily to ischemic 

cardiomyopathy. 

Other disclosures in the cited prior art are directed to potential effects of inhaled 

nitric oxide on a second class of patients- neonates dependent on right-to-left shunting 

of blood through a patent ductus arteriosus (Atz et al., page 452). At the time of the 

instant invention, it was widely recognized by those of skill in the art that this class of 

patients should not be given inhaled NO therapy. In fact, this contraindication has been 

present on the prescribing label for nitric oxide since its introduction into the 
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marketplace. Consequently, patients with this specific condition were, of course, 

excluded from the INOT22 study that resulted in the discovery that is the subject of the 

presently claimed invention. 

In contrast to the prior art references cited by the Examiner, the claimed 

invention relates to an important discovery in a third patient population- pediatric 

patients with pre-existing left ventricular dysfunction who are eligible to receive inhaled 

nitric oxide treatment (i.e., those not dependent on a right-to-left shunting of blood). As 

explained during the interview, those of ordinary skill in the art, prior to the instant 

invention, would not have found it obvious to withhold inhaled NO treatment from this 

class of patients based on the prior art cited by the Examiner in the Office Action mailed 

November 2, 2010, because the etiology and pathophysiology of the left ventricular 

dysfunction present in these three patient populations is markedly different. In fact, the 

members of the INOT22 Screening Committee who designed the study and the 

approximately 18 Institutional Review Boards and 4 national Health Authorities who 

reviewed and approved the study prior to its initiation -failed to predict that any 

untoward effects would be caused by the administration of inhaled NO in this third 

patient population. 

Turning now to the specific language of the claims, amended claim 11 and new 

claims 20-23 are each limited to patients under the age of 18 and accordingly are not 

anticipated or rendered obvious by the prior art cited by the Examiner in the Office 

Action mailed November 2, 2010. 

In addition, claim 11 is limited to patients eligible to receive inhaled nitric oxide 

treatment. To those skilled in the art, this patient population does not include neonates 

dependent on right-to-left shunt, since it was and is well known that inhaled nitric oxide 

is contraindicated for such patients. This is demonstrated not only by Atz et al. cited by 

the Examiner (see, e.g., Atz at 452: "We and others have reported adverse outcomes 

in this circumstance), but also by the contraindication clearly stated on the FDA­

approved label for inhaled nitric oxide (see label section 4: "Contraindications"). Thus, 
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claim 11 does not include within its scope the neonate patients described by Atz et al. in 

column 452 of their paper who are not, to begin with, eligible to receive inhaled nitric 

oxide. 

Similarly, new claim 20 expressly calls out this distinction between the patient 

population addressed by Atz et al., as to which the potential dangers of inhaled nitric 

oxide were well known in the prior art, and the distinct patient population that is the 

subject of the claimed invention. In particular, part (b) of the claim refers to the 

contraindication contained within the prescribing label for inhaled nitric oxide (see 

section 4, Contraindications). As noted above, this part of the claim embodies the 

disclosure of Atz et al., with respect to the treatment of neonates known to be 

dependent on right-to-left shunting of blood through a patent ductus arteriosus. 

Conversely, part (c) of claim 20 pertains to the novel and non-obvious finding that 

resulted from the INOT22 study, i.e., the new warning added to the Warnings and 

Precautions section of the prescribing label for inhaled nitric oxide (see page 1, right 

column). Claim 20{c) expressly states that the warning is independent from the known 

contraindication pertaining to neonates dependent on right-to-left shunting of blood 

through a patent ductus arteriosus. Accordingly, the warning claimed in part (c) of claim 

20 is not directed to the neonates described by Atz et al., as to whom the treatment is 

already contraindicated. Relatedly, claim 21 includes specific reference to the other 

warning added to the prescribing label for inhaled nitric oxide in Section 5.4 (see page 

2, right hand column} arising from the INOT22 Study. 

Support for the amendments and new claims is found in the specification of the 

application, as filed, including the original claims as filed and paragraphs [0007], [0020], 

and [0023] of the specification. Notably, the reference in claims 11 and 22 to patients 

"eligible to receive inhaled nitric oxide treatment" is original language in claim 11 as filed 

and is also found in paragraph [0007] of the application as filed. In addition, with 

respect to claim 20, both the contraindication for neonates dependent on right to left 

shunting of blood recited in part (b) of the claim and the warning recited in part {c) of the 

Page 6 of 8 

Ex. 2007-0591



c!aln1 are expressly found in U1e prescnbing Jabe! for inhaled nitric oxide incorporated by 

reference in the specification at paragraph [0020] (copy attached as Appendix A). 

In light of tile above, Applicant respectfully submits that the application as 

amended is in condition for a!iovvance and respectfully requests the same. Examiner 

Arnold is invited to contact Chief Patent Counsel for the patent ovvner, Jonathan 

Provoost (Heg. No. 44, 292) at 908-238-6392 to discuss any of the amendments or 

remarks set forth above. 

No fees are believed to be due wit11 this submission. Please apply any 

necessary charges or credits to deposit account 12~0769, referencing Attorney Docket 

No. l001-0002USC1. 
0 / ...... ·-"·· .. ,\ 
\\ i 

Respectfully submitfed, \ 
, \ ''· ~ ! 

\\ ' \~\\ ,:;~? ·~···· 
/Jonathan N. ~rovoost Reg. No. 44,292/ 
Jonathan N.''P~ovoost 
Attorney for Ap.plicant and AssfQnee 
Associate Genera[ Counsel 
I karla 
6 Route 173 
Clinton, NJ 08809 
Direct phone: (908) 238-6392 
Cell: (908) 391-3440 
Fax (legal dept): (908) 238--6773 
jonathan.provoost@ikarla.com 
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Dosaqe~ The =-~ccnm-wnCM (jm~:::: of l~KiqJax is 20 pp:::: f::;3Jmn~nt:::l fo:· 
up tn 14 days :x ~mW·the :..:r.de:~yi;~g :)>:)'~)~:~ d:.:~s~:h:r.:tt:cn h~n r~E:o:vt:d 

~2. 1} 

)( H~OfHH.<. >nu::~ t;t~ :j-s$~~l8;-~d :.:l~! ~: Sy~.t::;~1 ~·vhk:h tj:~;~~ :·:ci Ct!U{.:?. 

~r:t:Hi:;::t:r: ot ':>:t.('·~~~;e i::::aic-:i nHr0q8:: (:~oxwe {;~_ ;~~-

HIU.. flRESCHlBH'll> !?JFO~MA.TlOf:l; CUNTENJS' 
i, i!-lUICAT!ONS Afi!l USAGE 

::1 Trt:3t1"~~r:·: ~:· H~:y:;;:~ H!::~;p_;;;;:x~r:-; ~z:!lmr:-

!JOS:AGE fORMS A~m ST:'lEW.il"i!S 
COHTfit'IINOtC~<,T!ONS 

WARNINGS AND PflE'..:A:JT!OtiS 

Mem~m_c~ :t~mf:r:·;i;: 

t:e· . .£n~e¢ ~:W:: t:~;,:t:~:; 
~:e~~n Fa~:t:n~ 

ADVERSE REACTWtJS 

i~2 Pz;st-Mz:;rketin;:: f:;p~ift~t:\?. 
DRUS lNTEHACHONS 
USE IN SPF.CfFIC POPlllATluNS 
~1: h;:gr:?mr:y 
!'3.2 U>bo< ;>nd Deii~'2fY 
K 3 :"Jurs!fl:Q M€:U;eJ:> 

-----,----,"--·····"''···OOSAU!': fiJHMS ANU SHlEP!film->-····------------------··-· 
~NOnm:< {ni~r«: o:·dtje) i~ ;J u;~~' 3't,:::tiabl~ !i1 1GO pp:r; and CDO ppm 
~~)llCf::litfi.i~ Kill~3. 

-··-····---····----------···---------~UMTRAIW1lt:Jl.TlONS--------------------------~---~­

Necn.;!t~:s kno~-~Tt !o be dr3pml~1t:n~ Qn ;·19:1t-w~loft Shl!~{~rt'Q ·:?1 !J~Ool! {4~. 

-----------------------------WARN!rlnS AN!l !'HECAUTitlrJS----·-------------~---~--­
Rt!boun~t Atln:p! t'Hs~:m:tm,mt:on o~ !NOrna>: may lt~~~t: to ;.·.:o:.3t!nin.g 
Cix:;q<:n;~ti~}n anti i:'tCrea~m-:~1 p:.:immx::~· ~nery pr(:s':un~ {~.: J, 

Methmnnqtohiq{HHi~~- Met:t~mO~$k:bin in~x~:Rse~; ~·Vith 1:1e .:ittse nf 
:titfiG o;-;ide: f{R!o:..~:l::~; (}fscc~:i~nu<i~lon or :1:-d~~!:Hon tit n~tti~: mdse. 
=)l:3U·u~mnq:oblq ·~i:·veh-:: n~H£m ~~! ~::aseli~~e :)v~-~· :1 t3~:tU:.t~ n~ t_Io:..:rs {~5 21 
Elt:Vtlted NOz L~\-'~!:;: NO:: i~v~l~~ ~;hou!o ~:H rr~cH~!lon;:} {~j-~)!. 

·--------------·-- ·---------······--·--·illllif.f1SE HEACTlOfiS····---------------····--···--··-----
f;lt:U:e;i~(:·v!:)t:in;-;mi.:t ;:m~ e?:~-:.·;3h~{j ~~0_:: ii:';:et_: ~::B ~jo:_:.~: ~;~:pt:nde:-:t 

~:d\:.:.~l~~t; ~~·1er::ts. \?.i~::::;~~H~:"!g {:-xytjH:·;at:~">;~ ::t:-a) ~n('.r;~;3s:f1g p-..Hnt0:13t:< 
~:rt~::)t ;,res~::uf!~ uc:;ur if !Nf:m.:::<: ts ti:s-c~;nHm:t:d ab:-~lpt:~'· O~ht:: adYe::s:~ 
:·t:::::eU:m~; t~:at o~:~::.~fr::ti ~n mGre 1}m:: ~~~;(~ ta p;:rt::~nt; rt:c~!\:}:;~1 ir~nm~~:.: in 
t~~e C~NHG! stuDy ~··,.t::;::: 1:~n)n~i)nq:1:~)p~·:-m(;, :-:s·p.:)~~{::r:rn~2. bWn..;nj::~:f:~::a. 

~:tt:f~?~:tH~;t3. ar:.:j hypn~ens:m; {t)}. 

Tn rep-ort S!JSFEC1"F.D ADVHlSE m::.ACTIONS. C(!Htiii;l lNO 
Ti1ef<lJWUllr;~ ;31 1-ti7H>f>fHHtl6 and l!11Q:i/WWW:!t1Qffis!~:~Qffii or 
FOil. ilt ·J--HUO-FfJ;\-10!58 or ~~WWJ.QiUl.m'_{m!<'Q\-,~t~;};. 

---------------~-----------{1!1!JG l~siliH!l,CTltlNS-----------------

NitdE: (H:ide donor ag:~nl~': Nitnc ~):<~:~:~ ~!'t;f!~Y· :~mnpov::as. ~t:ci:: ~is 
~~d:(x::;1in·:~, ~;(x)~wn Di~r:."}p{;,.~s:;i(~e. ax;{~ r~i~:'Q~i;~~c::::r:n. '-·"f.·h:;:n a~l:nir:i~.te~·ec 

..:~~; or;;1!, p;3mn:::rn:. t:!~ !:)p:~:~i t;)f'!'flt:~aik~::s, n::w na\·e Bn jjl.Jdi:h.:-e {;:;teet 

.... v:u: U~OHi<n: nn m~~ m::.~ 01 6e:..:cl:)~)~:':~; r:!(:'tt'--~t;ntogk:.t}~:~em~:: {;':. 

Hi. 
11, 

1:!. 

OVEfi!JO:W.<E 
DESf;l~il'Ilnl'i 

CUN!GAL PH.i\fii\'\ACOUiGY 

~ ::: ;·:: ?fi:~n':1;:::odyn:3"•n:c·~ 

-! 2 .j i>l1;::rr:1;3~:::1K;:~f:ti($ 

12.~ P!J~f.fD<~\:f:kin~:tl;::~~. U:~~~:.:.e :Y:{~ n:~t~:hyt{;~:: 

} 2,5 f1i::~fmf~{~r.;~~:m:~::::;:: ~ .. ~•:·:<~~G~:~:-:-: 

; ~~ ! C<::·c:j!!U;~22!~_.s~~-,. ~~1utagr:t:e~3!~., 5:-::r.-:~i~mi:'(:: 0f f-::w~l;;h 

cuwcAL swrm::.s 

HOW SUFPUEO/STO!\AGE AND HANDLING 
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rut.t f'iltSCf>ff.lll'lG !HHH'll'MiJimJ 

HiDlCATWNS ANti USMJE 
U Treatm;;Ht of ltypo,;ic llf.spitata!)ll'ai!ure 
~NC:T;~:.'>;~:· iii l ~:ascdi!a:tu:, ~'.thk::·:; ~B {O~:tJur:dl:m ~\lit~~ ;.:~::::f::::.to:ry ~;Hp~}c}:·~ 

Bnd othi!': approp;~;3te agent~. ls ind:c:n:w f:x F~H tn~':tme:1t D'f te:-m 
ami m~:ar·h~nn ~>3.4 ~ .. ~B:!}(S,l r.~'l:f1H1~~~: wft:: hype:\:if~ :-t:sp:~mt.:f); f;:l!ur~: 

n:~~~odated w:th ti:nical o:- t:t::-:c!~;:nH{:graphi:·G evi{jHfi{:t! n1 ~mimc;nc.i:y 
lwrertt:ns~uaJ 'l:vh::m H impmves nxyger-:an~:·r: tmct n:m:cl3!) Hn: ~E:ed for 
exkm:oq::{:fe;J! membrane nx:;genatiHn, 

Utiliro a(J(jlt\onalltierapies to mrodmim f):>.)'Q<<n ilnii·<rlr{ In p;mc:;;ts with 
tu!law;;d sl~·eoli. ad1ji:ior.al ihma~!es m~[;h\ incltWH sutf;lc!<lnt and higi> 
1rt:Qm:::c·i !l~~matory v~n!!!3tim:. 
Tin: sE:ft: ty :}i:d efim-:th:e:r~-c:s uf ~r:t~~:t::d n~1r:c O"i'id::: h8vt: b•3{3:i B :H~ltHi~)flt:d 
h~ ;! p~!~u!;sH!:n r~~SiVi«g othBr th;;:rapl~~~ fo: ~l)tpG;-;~~ :"{:~;pi:-at:)f'~ i~~H.lr~ 

I!F:I::~ii;;u ~;a.~udr.:;i1ers, intravenous Hu::::!s, bicad~o::~:h> :t:er~tpy. ~:r:d 

nw-::t~:::.d~:a! ~:e:;Ub!for:. o:nermH dos·~ f~~1trneq~~ h;:· ni1r;~~ o:-:lC8 );.:~:r~ 

B~~~d !n ;he: t~~:1 ::;::3J s~L:t:h::s [sr:~: Cimic~:l ~~Ht(:'i~ss { i 4)?. 

fi·k::itc-:· fer P;:D-:.l :-:--:_etnmw_;:f:~o:n, ~n:~ct ln~~p:rt:tl ~~0~ d;.E·ln•j :NUma:.; 
;;~J:mniSH'Btf!_;~1 ~ -

1 1.!05.<\GE Al'lD Anl'>!INIS!Tli'.TION 
1,1 ilosage 
T~1H!Lg~:.~)]£f:J?nn !':~~f'f!~t~~~~:~~~f:_l}YJ!~}A~~-~:.S:~%!~T~~;~!ft.!~R:.}f!J. 
TiH: rec~H~tmende:-j dose or- l~JQn1ax is 20 ::-nm. Tn:atm~::t ~::;tn.:IU t.~e 

nm-inta:n-:~-~ :...~p tu14 days or untH tf:e umt~rty~ng o;.;y~Jtm (!a:;<~tprat!on ~:as 
n3::-~:lvm"! and Hw nconatfr is n;::.v:jlj tntlt: ~-"'!~am~{~ from tNOmax ther8py. 
i\n initial tliJc;e ot 20 m:m was t:SHl in ll1H NINOS and CIMKilliial$. tr. 
CINBGL patient~:;- wr:oS~. O~JQHnation ~mm O\l.i_!(! wi1J~ 20 ppm wt:re z~t}St:­
reduc<e(i lc' 5 ppm ;J;; il~&ratec ai Hm :::d (1t 4 fio:Jrs oi Jreaim:mt. In ti1:13 
NINOS tda!c p3tie:ms :.:.;ttose o>:}•gem1H~:.:1 1";3H~:c! ~n ;mp:e:w:: o:: ;~D ppm 

~~'~!~~~ ~~~;i;~~;~:~~~~ ~~ ;~& r;~;s~~~:~~~~~::~~~n~::: :;,~; ~~~~3~;~~~~ 
~e'lt~is mcr-e~h~t:s s~gnmca~tiy 'Nh~!n !NOmu:< ;::;. z~~)m~!!lSi•:r•3d u~ cv~e:~ 
:=- ~~~-= ppm;- \)~l~:es m:tN:3 U~is t;:r;,ti_;~ ora!n3rHy :;:;.::n.:ki nc·t t:e u3~(L 

T :~,3 nitr~::; c~idr: d;s!h·-ety ~::r~ts-ins ;,:::tK} i:~ tht: db:,C:-31 t:-l~ti::; ~)r~~dt!~:d 

t.pt:-:a~o:--~ew:·mfn~d t"':GHte;~~rat~·;I:-:~{ Cif :::~t:·t::: .:}>:k!~:· :~~ H~:?. m::HW{f~g g;;;;, 
W1{l th~ tr:nct:ntfat:on ~"i:3~! .::z:n~:taDi tmm:~_:t!o:..:t ::w re,;;;:r.::tt:f~ {)Cif:. 

;~~:;~~~~E~~~.~~~~t·~~:D~~!~~~~~1~l~~~~~~~~~~~:~;~:~~:~:~~~~~~~~ 
~~-:ere ~::·;r:i1 in ~he c~:::k~a~ lria~S- h~ ~he ~'t:nW:5.t~d r;eonl)1e~ }?-n~·dse 

fr!(~i~iicJ~in!) o~ :m;p::red fHtnc ox~df an<l f·JO.: s.hOtJid be l:'~stttwt:sd, us~r:;.1 

H pr®i3r·~y eaJltirH:::c: «naiys;:> ~~vice ·Nii~'( a~~1rrtf~; ri1E:c syst:::rn shuutd b~ 
(:..:t:H:u:wa u~;t:-:g a prncis{!!-~' i:!t:t1;1e\l e..3;turat1on m~:d~re of nm;G oxidi? 
~~nd nitrogtm. d:oxicte: such as 1NGc:~r< s.ampie ~!3~: fiJr anniysh: ~;f:mJ~{! 
t~E~ iJra~.:.·n bt:fort: the Y~·plece) PfO;<imal to tht~ pati~~·m. o.{yuon !t:~ .. ~t:h; 

shouw a.:5o b~ m£3asuretL 
~:1 ·tt;,~ i3Ya:~t oi" a S';stB:m t~Ht::(Ef or a ·.;~:J3J;-n:.qlm ;w'i·~·er b:Jun3. ~: t:acHm 
b:3ttery power supp-!~1 ar:O !ES-srv:; dtr:e o>·~d.~~ :i~:ti·.a;ry sy:;h:!m. shou:~~ 
he a\:tt:;~n~re, 
n~ :~t v~sco~:tin~:: ;r._;orna:x Bt:upH}' .. Bs ~? n:3y n.::~;:m ::: af: t:-:t.:-eass ::: 

~~~;~i:;~~~'t~'~;;~;~~~~~:-~~~;;;;j:~;:~~~~ :::,'~~:::(i,~:):~j~;~,;,~;;~,~,:~·~~::: 
:_:~ {.hiid:~er: ;.~itfi nu a~~p2.rer.t :e~~por:s!:- ~n ~NGma:-;. O:scom:~:t:~t~· . .:e~::~: 
C<Wt:m:,SI)'. 

3 OOSMt. f!.U!MS ANO STRB'H3THS 
i~H3~:: Hxldt: is a gz:s a\'aHab~e :r: 1 GO opm and 8{n1 pprn cnm:e:-:t:·atnn::. 
4 CONTHAINDICATlmJS 

5 WARNINGS 1~JJD PRE.CAUT!OrJS 
5.1 Heuuuml 
/).~}!"Up! di~t.o.=I!in:.:~t:on of !NUmi!:< may :t:&C ie ~vors>3nt:~~J ~ix~:gi::!;:::t:on 
ami :~c:!~t:sing ?J~:irm)naty artenr pre::,.su:-e. 

iU ii.·Mh<:moglnblnemia 
!)~:!~ner::c:J;t.\tl:":l3m~~: ~~{':.n;:a~~es {,~t~h tl~c tl(:·SB :.:~t :-;:lr:c ~::xi;J!:. l~~ 

~?.l:r:~C<~: t~i~~~; ma .. drnum :::~:U:~m:xJ:bh:r: :ev~t~ :;:;~~c~t::,.· ·{.::ere :.:~~:t :1t:·:i 

app:-oxim:~i!~;y ~ ltc~:j:-~: ~~t:~~r i:~:·t:ai;Gn c:~ ;nt:~t::~~im\ :~Hhm;<Jh 

n::~th~~:-:tOiJht·iH li~vel~: ~:a~e pB:3K!:~~ a~: late _:3~: 4fs m;m~: ~~:Uowinu 

1r:m-3tm: nf :r~rn:~.c::< U:t~rc·:~~t- in m~~ ~_;:~:tit. ~3 ot 37" {35~'hi cf :1~er~·.8~t':!i 

~:,~~::~;,~;i;;"~~~::;,:~;~,~~;;;';~;;,~~~;~~·~·~~::;~~~~~~l!~~~; ~~~'~:.,~~~~,:.~~~;; 
lt:~:!3f.& reh.ir:::~:d kr b&:W!t~? ov~r tl p(:noct Of hm;rs. 

5.3 E!e>Jated I'J02 hwals 
!rt une stlidt, NO~ i~·,;e;s 'l"~;ere <U.~· pprn when n~onat~.s ~~~ere t;e~ned 
w~U1 p!ncebo. 5 NJtn. and 20 ppr:1 nit~ic o:<:d?. ih'Br the l~r~~ 43 hnurs. The 
80 9pm grcup had a nwa:: peak NO~ :::vel oi 2.6 ppm, 

5A ~leart faHme 
f:-~:!~~f~t~r ~·.~~~~:~ .~-:~~d.: :~(~.·~:·:::l::nf:'~t~ :!~~~~ \:~~:·}t:·K:·,:t~~ d$:~~:~f:ft:on t:~~~t~d with 

lr:=:~t~i~~:::i~itd~::. o~dq~;: ~~·e:·: b:; ~~Ki:"t ;~U:~3t~~ns;. e~i:~~f~~:-:<;~:>:3 ~~:~~j~j~:s 

3-B-cm:;:t: t~:::k<~J !:i:3;~.: iu::- cm:t!~~i~t::~c ur:dN •N1deiy v~:ry~:"ig c:.:-f,>--:~;iii:;.ns. 

adv:~(~:~~ iB!5cnon ::m~t ~:~:~:er•,:13;j ::: H:t~ chnk~~~ u-ra:s t·:· a c:·:...;:::f t:ct:i:ict 
be d!r~~cH~• n;m~.>~~ftK! !~: n3~e:! ~:! ths?. G~i::~f.:3J t:-~z.:::. Gf 3nnt::~f d~.:g Ufld 
W&i' not :BHi:ci "tflB m:~;:: \}l~:t~f¥1~(~ l:: pr:.:"l:::ii£~~=- n:z: a:J;.;~rs:: :e~:tJ!\):~ 

t:-:tcrm~3Hn::: fr:.)m ·t~:~: c~in~~::35 :;:u~i:t~s d:}::.s. ::o~~e~'er. p:ro".:~:::~ a t:asi·::: fr;r 
~.ck:-n1;fyi:T~g t:·:e ;~:h. .. ·~~:1:e e\:t~nts i.:"!;::t appH~!r 1D D=£: r~:~ate,-] tG ,:3:;;~~ u:;e ti:1d 

for appro>)m;Hfn~3 fai~i8 
£,1 Clinic a! Tri>Jls E.xparllmce 
f(~nt:·ot:m: ~ltt:Hies !~avt~ ~rtl~UUt:tl ~~25 f!f::~e:1tS t:•r~ lNOmax doses Of 5 io-
80 ppm amj ~::61 pa;;£::as on p1acebo rotB;l mmta~~ty in th:z ;Jot,~eti trfB1'5 
\·~:os 11 ~~:; on ptace:~~:) mw ~lei\! Gn iNO:T!.:'~"·. a rBStilt aOeqBaw k~ t~xc~mj;: 
INOmux mc;taiily ti,;iag mom iil<l!l 4{)'1\, worse !han pl;;:c!i!w, 

In e'flt~ the NiNO$ afld GiNBGl st:Jdir:s, lh:s duc<ttlon o! twsnitali,:;;Uon wm; 
sim!la;· i;> il·lOm<:>: ~Pd pi<:C!>il<.:-tre::Mu ~li'Ol.ltl-~. 
Front ail cont:aih;:ij sl~J:iit~s, itt tt:-~:H G mt~nths of ~oUGw~~m: fs. t:::-;.J~!ahiB: 

fw: 278 ~stiem~= , .... :f:o ~~~i:t~:v~?~~ ff~Orna>; ;3mj 2:2 paUentS. ~~-he. r£;-.'.)i;h;ect 
n:aceb~.l./!;m:mu ti~t~;!t~ p:~:m~:~ts. am=~: :..~<•B- no (:~:~d{;f:t:$ of ~n ad\!':;:fs~ 
efft:t:t Gf tH~::~tmt:nt n:: t:·:e :~:~~d fm· t~.:.::(:sp;~~}!t:z~:t::t:r-: 1 sp~f.::~ rn:e~.:icai 
:=!Bt~i;,;~:~;; pnl!:wmzry (~is~:~:~~e . .-~:- r:i3t~:~r;:::::;l~Ca~ s.eGue:ae 
!1: W~: NINO~~ ~H.Wy. t:·e;;""ltrnent ~~fDt:p·3 ~<':F.:re ;m::dar w;H: res:~a~:t 1~~ the 
if:G~d:;r:cr- .13:rm S3"..•:;rfty c~ ~~~~t;-::~~;·~~nl~~ ;~::f!i~xfh'~He: Gr<G5B ~V henm:rh·age, 
pe:i~:s:·ltrk:.:!ar k::..:Sorn;jlae:!3, c:erebra} ::;t;:;.r:::::~i!::L ~~:~zu:es ::::3~~:.;bnfl 

snu~~C·:~:'.tui~~;::;:-!t t;~e:m.~y f:u~r;-~(:-:1::-J-J' ::t~HK~:·r~:age, o:- g.a:;tf~}:nte~t:.~~;i 
!:e; l F; n ha:J~:. 
Th:; t:3l:;~ b~:low s!JD~,,.s a~)vt::~:t~ n_::::l:~:r);:~s H1s~ Ot:C:J:""reti in at !ea~~- 5~·~ 

~:;;;'~;;::.:::~~/~~~;;'~\;,;~~~1'~~:;~ ~:~e~~l~~;\;·~rct~~,~~~~~~~~;:i~~ 1~;~~ 
:~t!vt~:'se reacHons wmt: ~~tatisHt:2:1iV :_:i~lnilic{~nt r·;-he:} mh0ied nitnc u;dde 
m~w.:nts· wt~n: cornpart:;j to mHwnts :·t::ceivlng pfdcei:Jo. 

Tabi;: l: 
!\uv~rse 11ellctions in the Cif~Rfil Study 

_l 
6.2 Pa11Hi1m1:e~mn E..werftmce 

:~~~:~~~~i.~~~;~~~;;i!;J!i:~;~fJ!:;~~~:h~~~~~:~:~:~~~:~:~~~;;:{~:l:~~ 
~hx~;~,~~;u;1~~\'!i~~~~~~5b(; ~;,l;~!t:;~;;~:~:'''~'~~:t e;~;;;~~'~ ~~~;~~;;~~~D ~~,~~~;~ 
de::!very syst.:.rn: h~:.m1~ch&~i tiSSOCi3te~3 \t:;·in~ ~~::~virmtmentaJ r::xpos~:rG Df 
!NCm:.:~x in h:mpita! ~~t~:fL :;ypt1i"*ns:c-r= xso~~iatec '.:'.:·~:t; af.;..:te :,.-.:·:ttmr <:~·:ta; 
ot t~(~: HH!Q: hypoxt3mif: ~:ssoc.!:3te:j \·\-';~ft !!cute ~~i1~~d::;wa: {~f ::=tt ct:t=u: 
;:-:.Jm~;.:m:--:i tX::13mn lt: J:<:rtient·~ ~')·ith CHES"¥ syr:-drom~. ·~ 
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7 DRUG INTERACTIONS 
No fonnal drug-interaction studies have been performed, and a 
clinically significant interaction with other medications used in the 
trealment of hypoxic respiratory failure cannot be excluded based 
on the available data INOmax has been administered with tolazo!ine, 
dopamine, dobutarnine, steroids, surfactant, and high-frequency 
ventilation. Although there are no study data to evaluate the possibility, 
nitric oxide donor compounds, Including sodium nitroprusside ami 
nitroglycerin, may have an additive effect with INOmax on the risk of 
developing methemoglobinemia. An assoclatfon between prilocalne 
and an increased risk of methemoglobinemia, particularly in infants, 
has specifically been described in a literature case report. This risk 
is present wllether the drugs are administered as oral, parenteral, or 
topical formulations. 
8 USE IN SPECIFIC POPUlATIONS 
8.1 Pregnancy 
Pregnancy category c 
Animal reproduction studies have not been conducted with INOmax. 
It is no1 known if INOmax can cause fetal harm when administered to 
a pregnant woman or can affect reproductive capacity. INOmax is no1 
Intended tor adults. 
8.2 Labor and oenvery 
The effect of INOmax on labor and delivery in humans is unknown. 
8.3 Nursing Mothers 
Nitric oxide Is no1 Indicated for use In the adult population, Including 
nursing motl!ers. It is not known whether nitric oxide ls excreted in 
human milk. 
8.4 Pediatric Use 
Nitric oxide for inhalation has been studied in a neonatal population (up 
to 14 days of age). No lnfonnatlon about Its effectiveness In other age 
populations is available. 
8.5 Geriatric Use 
Nitric oxide is not indicated for use in the adult population. 
10 OVERDOSAGE 
OVerdosage with INOmaxwfll be manifest by elevations in methemoglobin 
and pulmonary toxicities associated with inspired N02• Elevated N02 
may cause acute lung injury. Elevations in methemoglobinemia reduce 
the oxygen delivery capacity of the circulation. In clinical studies, N02 
levels >3 ppm or methemoglobin levels >7% were treated by reducing 
the dose of, or discontinuing, !NOmax. 
Methemoglobinemia that does not reso1ve after reduction or 
discontinuation of therapy can be treated with Intravenous vltami11 
C, Intravenous methylene blue, or blood transfusion, based upon the 
clinical situation. 
11 DESCRimON 
INOmax (nitric oxide gas) Is a drug administered by inhalation. Nitric 
oxide, the active substance in INOmax. Is a pulmonary vasodilator. 
INOmax Is a gaseous blend of nitric oxide and nitrogen (0.08% and 
99.92%, respectfvely for 800 ppm; 0.01% and 99.99%, respectively for 
1 00 ppm). INOmax is supplied in aluminum cylfnders as a compressed 
gas under high pressure (2000 pounds per square inch gauge (pslg]}. 
The structural fonnula of nitric oxide (NO) Is shown below: . . . . 

·N= 0: 
12 CUNICAL PHARMACOLOGY 
12.1 Mechanism of Action 
Nitric oxide is a compound produced by many cells of the body. it 
relaxes vascular smooth muscle by binding to the heme moiety of 
cytoso!ic guanylate cyclase, activating guanylate cyclase and increasing 
intracellular levels o1 cyclic guanosine 3' ,5' -monophosphate, which 
then leads to vasodilation. When inhaled, nitric oxide selectively dilates 
the pulmonary vasculature. and because of efficient scavenging by 
hemoglobin, has minimal effect on the systemic vasculature. 
fNOmax appears to increase the partial pressure of arterial oxygen 
(Pa02) by dilating pulmonary vessels in better ventilated areas of the 
lung, redistributing pulmonary blood flow away from lung regions with 
low ventilation/perfusion W/0) ratios toward regfons with normal ratios. 

12.2 Pharmacodynamics 
Effects on Pulmonary Vascular Tone in PPHN 
Persistent pulmonary hypertension of the newborn (PPHN) occurs as 
a plimary developmental defect or as a condition secondary to other 
diseases such as meconium aspiration syndrome (MAS), pneumonia, 
sepsis, hyaline membrane disease, congenital diaphragmatic hemla 
(CDH), and pulmonary hypoplasia. In these states. pulmonary vascular 
resistance (PVR) is high, which results in hypoxemia secondary to 
right-to-left shunting of blood through the patent ductus arteriosus and 
foramen ovate. In neonates with PPHN, tNOmax improves oxygenation 
(as indicated by significant increases in Pa02). 

12.3 Pharmacokinetics 
The pharmacokinetics of nitric oxide has been studied in adults. 
12.4 Pharmacokinetics: Uptake and Distribution 
Nitric oxide is absorbed systemically after inhalation. Most of it traverses 
the pulmonary capillary bed where it combines with hemoglobin that 
is 60% to 100% oxygen-saturated. At this level of oxygen saturation, 
nitric oxide combines predominantly with oxyhemoglobin to produce 
methemoglobin and nitrate. At low oxygen saturation, nitric oxide can 
combine with deoxyhemoglobln to transiently form nitrosylhemoglobin, 
which is converted to nitrogen oxides and methemoglobin upon exposure 
to oxygen. Within the pulmonary system, nitric oxide can combine with 
oxygen and water to produce nitrogen dioxide and nitrite, respectively, 
which interact with oxyhemoglobin to produce methemoglobin and 
nitrate. Thus, the end products of nitric oxide that enter the systemic 
circulation are predominantly methemoglobin and nitrate. 
12.5 Pharmacokinetics: Metabolism 
Methemoglobin disposition has been Investigated as a function of time 
and nitric oxide exposure concentration In neonates with respiratory 
failure. The methemoglobin (MetHb) concentratfon-tlme profiles during 
the first 12 hours of exposure to 0, 5, 20, and 80 ppm INOmax are shown 
in Figure 1. 
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Methemoglobin concentrations increased during the first 8 hours 
of nilric oxide exposure. The mean methemoglobin level remained 
below 1% in the placebo group and in the 5 ppm and 20 ppm INOmax 
groups, but reached approximately 5% in the 80 ppm INOmax group. 
Methemoglobin levels >7% were attained only in patfents receiving 
80 ppm, where thay comprised 35% of the group. The average time to 
reach peak methemoglobin was 1 0 :t 9 (SO) hours (median, 8 hours) 
In these 13 patients, but one patient did not exceed 7% until40 hours. 
12.6 Pharmacokinetics: Elimination 
Nitrate has been identified as the predominant nitric oxide metabolite 
excreted in the urine, accounting for >70% of the nitric oxide dose 
inhaled. Nitrate Is cleared from the plasma by the kidney at rates 
approaching the rate of glomerular filtration. 
13 NONCUNICAL TOXICOLOGY 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
No evidence of a carcinogenic effect was apparent, at inhalation 
exposures up to the recommended dose (20 ppm), in rats tor 20 hr/day 
for up to two years. Higher exposures have not been investigated. 
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Nitric oxide has demonstrated genotoxicity in Salmonella (Ames Test), 
human lymphocytes, and after in vivo exposure in rats. There are no 
animal or human studies to evaluate nitric oxide for effects on fertility. 

14 CUNICAL STUDIES 
14.1 Treatment of Hypoxic Respiratory Failure (HRF) 
The efficacy of INOmax has been investigated in term and near-term 
newborns with hypoxic respiratory failure resulting from a variety 
of etiologies. Inhalation of INOmax reduces the oxygenation index 
(01= mean airway pressure in em H20 x fraction of Inspired oxygen 
concentration [A~ x 100 divided by systemic arterial concentration in 
mm Hg [Pa02]) and Increases Pa02 [see Clinical Pharmacology (12.1)}. 
NINOS Study 
The Neonatal Inhaled Nitric Oxide Study (NINOS) group conducted a 
double-blind, randomized, placebo-controlled, multicenter trial in 235 
neonates with hypoxic respiratory failure. The objective of the study was 
to determine whether inhaled nitric oxide would reduce the occurrence 
of death and/or initiation of extracorporeal membrane oxygenation 
(ECMO} in a prospectively defined cohort of term or near-term neonates 
with hypoxic respiratory failure unresponsive to conventional therapy. 
Hypoxic respiratory failure was caused by meconium aspiration 
syndrome (MAS; 49%), pneumonia/sepsis (21 %), idiopathic primary 
pulmonary hypertension of the newborn (PPHN; 17%), or respiratory 
distress syndrome (RDS; 11 %). Infants s14 days of age (mean. 1.7 
days) with a mean Pa02 of 46 mm Hg and a mean oxygenation index 
(0~ o143 em H20 I mm Hg were initiaUy randomized to receive 1 00% 02 
with (n= 114} or without (n= 121) 20 ppm nitric oxide for up to 14 days. 
Response to study drug was defined as a change from baseline in Pa02 
30 minutes after starting treatment (full response = >20 mm Hg, partial 
= lQ-20 mm Hg, no response= <10 mm Hg). Neonates with a less 
than lull response were evaluated for a response to 80 ppm nitric oxide 
or control gas. The primary results from the NINOS study are presented 
in Table 2. 

Table2: 
Summary of Clinical Results from NINDS Study 

Control NO P value 
(n=121) (n=114l 

Death or ECMo•.r 77(64%) 52 {46%) 0.006 

Death 20 (17%) 16(14%) 0.60 

ECMO 66(55%) 44 (39%) O.D14 

• Extracorporeal membrane oxygenation 
t Death or need for ECMO was the study's primary end point 

Although the incidence of death by 120 days of age was similar in both 
groups (NO, 14%; control, 17%). significantly fewer infants in the nitric 
oxide group required ECMO compared with controls (39% vs. 55%, p 
= 0.014). The combined incidence of death and/or initiation of ECMO 
showed a significant advantage tor the nitric oxide treated group 
(46% vs. 64%, p = 0.006). The nitric oxide group also had signilicantty 
greater increases in Pa02 and greater decreases in the 01 and the 
alveolar-arterial oxygen gradient than the control group (p<0.001 lor all 
parameters). Signilicantty more patients had at least a partial response 
to the initial administration of study drug in the nitric oxide group (66%) 
than the corrtrol group (26%, P<0.001 ). Of the 125 infants who did not 
respond to 20 ppm nitric oxide or control, similar percentages of NO­
treated (1 8%) and control (20%) patients had at least a partial response 
to 80 ppm nitric oxide for inhalation or control drug, suggesting a 
lack of additional benefit for the higher dose of nitric oxide. No infant 
had study drug discontinued for toxicity. Inhaled nitric oxide had no 
detectable effect on mortality. The adverse events collected in the NlNOS 
trial occurred at similar incidence rates In both treatment groups [see 
Adverse Reactions (6.1}]. Follow-up exams were performed at 18-24 
months for the infants enrolled in this trial. In the infants with available 
follow-up, the two treatment groups were similar with respect to their 
mental, motor, audiologic, or neurologic evaluations. 
CINRGI Study 
This sludY was a double-blind, randomized, placebo-controlled, 
multicenter trlal of 186 term and near-term neonates with pulmonary 
hypertension and hypoxic respiratory failure. The primary objective of 
the study was to determine whether INOmax would reduce the receipt 

of ECMO in these patients. Hypoxic respiratory failure was caused by 
MAS (35%), idiopathic PPHN (30%), pneumonia/sepsis (24%), or ADS 
(8%). Patients with a mean Pa02 of 54 mm Hg and a mean 01 of 44 em 
Hz() I mm Hg were randomly assigned to receive either 20 ppm INOmax 
(n=9n or nitrogen gas (placebo; n=B9) in addition to their ventilatory 
support. Patients who exhibited a Pa02 >60 mm Hg and a pH < 7.55 
were weaned to 5 ppm INOmax or placebo. The primary results from the 
CiNRGI study are presented in Table 3. 

Table3: 
Summary of COnical Results from CINRGI Study 

Placebo INOmax Pvalue 
ECM0'·1 51/89 (57%) 30/97 (31%} <0.001 
Death 5189{6%) 3/97 (3%) 0.48 

• Extracorporeal membrane oxygenation 
t ECMO was the primary end point of this study 

Significantly fewer neonates in the INOmax group required ECMO 
compared to the control group (31% vs. 57%, P<0.001). While the 
number of deaths were similar in both groups (INOmax, 3%; placebo, 
6%), the combined Incidence of death and/or receipt of ECMO was 
decreased In the INOmax group (33% vs. 58%, p<0.001 ). 
In addition. the INOmax group had significantly improved oxygenation 
as measured by Pa02, 01, and alveolar-arterial gradient (p<0.001 for 
all parameters). Of the 97 patients treated with INOmax, 2 (2%) were 
withdrawn from study drug due to methemoglobin levels >4%. The 
frequency and number of adverse events reported were similar in the 
two study groups {see Adverse Reactions (6.1)]. 

14.2 Ineffective in Adult Respiratory Distress Syndrome (ARDS) 
ARDSStudy 
In a randomized, double-blind, parallel, multicenter study, 385 patients 
with adult respiratory distress syndrome (ARDS) associated with 
pneumonia (46%), surgery (33%), multiple trauma (26%). aspiration 
(23%), pulmonary contusion (18%}, and other causes, with Pa01Ff02 
<250 mm Hg despite optimal oxygenation and ventilation, received 
placebo (n=193) or !NOmax (n=192), 5 ppm, for 4 hours to 28 days or 
untfl weaned because of improvements in oxygenation. Despite acute 
improvements in oxygenation, there was no effect of INOmax on the 
primary endpoint of days alive and off ventilator support. These results 
were consistent with outcome data from a smaller dose ranging study of 
nitric oxide (1.25 to 80 ppm). INOmax is not indicated for use in ARDS. 
16 HOW SUPPUED/STORAGE AND HANDUNG 
INOmax (nitric oxide} is available in the following sizes: 

SizeD Portable aluminum cylinders containing 353 liters at STP 
of nitric oxide gas in 800 ppm concentration in nitrogen 
(delivered volume 3441iters) (NDC 64693-002-01) 

SizeD Portable aluminum cylinders containing 353 liters at STP 
of nitric oxide gas in 1 00 ppm concentration in nitrogen 
(delivered volume 344 liters) (NDC 64693-001-01) 

Size 88 Aluminum cylinders containing 1963 liters at STP of nitric 
oxide gas in 800 ppm concentration in nitrogen (delivered 
volume 1918lilers) (NDC 64693-002·02) 

Size 88 Aluminum cylinders containing 1963 liters at STP of nitric 
oxide gas in 1 00 ppm concentration in nitrogen (delivered 
volume 19181iters) (NDC 64693-001·02) 

Store at 25°C (77°F) with excursions permitted between 15-30°C (59-
a5•F) [see USP Controlled Room Temperature]. 
Occupational Exposure 
The exposure limit set by the Occupational Safety and Health 
Administration (OSHA) lor nitric oxide is 25 ppm, and lor N02 the limit 
is 5 ppm. 

INO Therapeutics 
6 Route 173 West 
Clinton, NJ 08809 
USA 

© 2009 INO Therapeutics SPC-0303 V:4.0 
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Advisory Action 
Before the Filing of an Appeal Brief 

Application No. 

12/820,866 

Examiner 

ERNST V. ARNOLD 

Applicant(s) 

BALDASSARRE ET AL. 

Art Unit 

1613 

--The MAILING DATE of this communication appears on the cover sheet with the correspondence address -­

THE REPLY FILED 14 January 2011 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE. 

1. ~ The reply was filed after a final rejection, but prior to or on the same day as filing a Notice of Appeal. To avoid abandonment of this 
application, applicant must timely file one of the following replies: (1) an amendment, affidavit, or other evidence, which places the 
application in condition for allowance; (2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or (3) a Request 
for Continued Examination (RCE) in compliance with 37 CFR 1.114. The reply must be filed within one of the following time 
periods: 

a) [8J The period for reply expires ~months from the mailing date of the final rejection. 
b) D The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later. In 

no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection. 
Examiner Note: If box 1 is checked, check either box (a) or (b). ONLY CHECK BOX (b) WHEN THE FIRST REPLY WAS FILED WITHIN TWO 
MONTHS OF THE FINAL REJECTION. See MPEP 706.07(f). 

Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate extension fee 
have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The appropriate extension fee 
under 37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally set in the final Office action; or (2) as 
set forth in (b) above, if checked. Any reply received by the Office later than three months after the mailing date of the final rejection, even if timely filed, 
may reduce any earned patent term adjustment. See 37 CFR 1.704(b). 
NOTICE OF APPEAL 
2. D The Notice of Appeal was filed on __ . A brief in compliance with 37 CFR 41.37 must be filed within two months of the date of 

filing the Notice of Appeal (37 CFR 41.37(a)), or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. Since a 
Notice of Appeal has been filed, any reply must be filed within the time period set forth in 37 CFR 41.37(a). 

AMENDMENTS 

3. [8J The proposed amendment(s) filed after a final rejection, but prior to the date of filing a brief, will not be entered because 
(a) [8J They raise new issues that would require further consideration and/or search (see NOTE below); 
(b)O They raise the issue of new matter (see NOTE below); 
(c) [8J They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for 

appeal; and/or 
(d) D They present additional claims without canceling a corresponding number of finally rejected claims. 

NOTE: See Continuation Sheet. (See 37 CFR 1.116 and 41.33(a)). 

4. D The amendments are not in compliance with 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324). 

5. D Applicant's reply has overcome the following rejection(s): __ . 

6. D Newly proposed or amended claim(s) __ would be allowable if submitted in a separate, timely filed amendment canceling the 
non-allowable claim(s). 

7. [8J For purposes of appeal, the proposed amendment(s): a)~ will not be entered, or b) D will be entered and an explanation of 
how the new or amended claims would be rejected is provided below or appended. 
The status of the claim(s) is (or will be) as follows: 
Claim(s) allowed: __ . 
Claim(s) objected to: __ . 
Claim(s) rejected: 1-19. 
Claim(s) withdrawn from consideration: __ . 

AFFIDAVIT OR OTHER EVIDENCE 

8. D The affidavit or other evidence filed after a final action, but before or on the date of filing a Notice of Appeal will not be entered 
because applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and 
was not earlier presented. See 37 CFR 1.116(e). 

9. D The affidavit or other evidence filed after the date of filing a Notice of Appeal, but prior to the date of filing a brief, will not be 
entered because the affidavit or other evidence failed to overcome§.!! rejections under appeal and/or appellant fails to provide a 
showing a good and sufficient reasons why it is necessary and was not earlier presented. See 37 CFR 41.33(d)(1 ). 

1 0. D The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached. 
REQUEST FOR RECONSIDERATION/OTHER 

11. ~ The request for reconsideration has been considered but does NOT place the application in condition for allowance because: 
See Continuation Sheet. 

12. ~ Note the attached Information Disclosure Statement(s). (PTO/SB/08) Paper No(s). 11/3/10 

13. ~ Other: PTO 892. 

U.S. Patent and Trademark Off1ce 
PTOL-303 (Rev. 08·06) 

/Ernst V Arnold/ 
Primary Examiner, Art Unit 1613 

Advisory Action Before the Filing of an Appeal Brief Part of Paper No. 20110214 
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Continuation Sheet (PT0-303) Application No. 12/820,866 

Continuation of 3. NOTE: Applicant has changed the scope of the patient population from neonate or near term noenate to under the age 
of 18. This is a new patient population that requires further search and consideration. One of Applicant's arguments has been that 
treatment of mature adults cannot be directly correlated to treatment for children but by amending the claims to include a patient 17.99 
years of age, which is essentially a mature adult, then the claims need to be re-evaluated in consideration of this new patient population. 
Atz clearly teaches that pulmonary edema can occur in adults with left ventricular dysfunction who are administered NO (page 452, left 
column of Atz). Thus, at least the reference of Atz needs to be reconsidered with respect to the new limitations. Also, parts (b) and (c) of 
claim 20 are directed to neonates but the patients are under the age of 18 which include 17.99 year olds and by Applicant's own arguments, 
what applies to neonates is different than what applies to mature individuals, which a 17.99 year old person is. What does a warning about 
neoates have to do with a 17.99 year old mature individual? It appears to be incongruous to the Examiner and possibly a 35 USC 112 
second paragraph problem. Furthermore, iNO is already known to increase the capillary wedge pressure as taught by Loh. So, new claim 
20 does not appear to be in condition for allowance. Amdended claim 11 also has the patient under the age of 18 and is not allowable. 
Applicant directed the Examiner to [0020] which incorporates by reference the label on iNOmax. The label states that the neonates known 
to be dependent on right to left shunting of blood are contraindicated and this appears to be a proper incorporation by reference and not 
new matter. 

Continuation of 11. does NOT place the application in condition for allowance because: Applicant's proposed amendments create 
numerous problems including requiring further search and consideration as discussed above. Applicant asserts that Atz teaches right to left 
shunting of blood which is part (b) of the claim 20. Applicant asserts that part (c) of claim 20 is not directed to the neonates described by 
Atz et al. but a new patient population discovered by Applicant. Respectfully, this is not distinguishing. As discussed during the interview of 
1/10/11, Dr. Greene discussed that the Atz is directed to right to left shunting of blood in patent ductus arteriosus (See attached Figure 
provided during the interview). The instant claims are directed to increases in pulmonary wedge pressure which is already known in the art 
as taught by Loh and discussed above. Furthermore, Atz also teaches left to right shunting at the foramen ovale in newborns with left 
ventricular dysfunction and that iNO should be used with extreme caution, if at all with these patients (page 452, left column Atz). Thus, Atz 
is not limited to right to left shunting as found in ductus arteriosus. Consequently, it remains obvious to exclude patients with left ventricular 
dysfuction from iNO therapy because of the inherent risk of adverse and serious adverse effects. Respectfully, the Examiner consulted with 
his supervisor and has tried to find language to be copacetic with our informative discussion during the interview but cannot at this time find 
adequate language supported in the specification as filed. Respectfully, the claims remain rejected for the reasons of record and those 
provided above. 
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Do Not Enter 
lEA/ 
2/14/11 

Title of Application 

Mail Stop After Final Amendrr1ent 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313--'1450 

Methods of Treating Term and Near-Ten·n 
Neonates Having Hypoxic Respiratory 
FaHure Associated with Clinical or 
Echocardiographic Evidence of Pulmonary 

rtension 

Arnold, Ernst V. 
1001-0002 

BEPL Y AFTER FINAL {37 CFR 1. i 16} 
ACCELERATED EXAM- TRANSMITTAL R_EPL Y 

This cornmunication is responsive to the Final Office Action mailed Novernber 2, 

2010, setting a shortened statutory period for reply of 3 months. 

Applicant respectfully requests entry of this Reply After Fina!, reconsideration of 

the pending rejections, and allowance of the application. A listing of Hle claims and 

amendn1ents thereof is shown starting at page 2. 

Applicant further asserts that til is Reply After Final has been diligently filed and 

that the application is ln compliance with l\llPEP 708.02(a)(JV) Afier-Final and Appeal 

Procedures, thus maintaining H1e <:'lpplication's status as an accelerated application. 

Remarks to the pending Office Action begin at page 4. 
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Title of Application 

First Named Inventor 

Mail Stop After Final Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Methods of Treating Term and Near-Term 
Neonates Having Hypoxic Respiratory 
Failure Associated with Clinical or 
Echocardiographic Evidence of Pulmonary 

ertension 

REPLY AFTER FINAL (37 CFR 1.116) 
ACCELERATED EXAM- TRANSMITTAL REPLY 

This communication is responsive to the Advisory Action mailed Feb. 23, 2011 

and the Final Office Action mailed November 2, 201 0, setting a shortened statutory 

period for reply of 3 months. 

Applicant respectfully requests entry of this 2nd Reply After Final, reconsideration 

of the pending rejections, and allowance of the application. A listing of the claims and 

amendments thereof is shown starting at page 2. 

Applicant further asserts that this 2nd Reply After Final has been diligently filed 

and that the application is in compliance with MPEP 708.02(a)(IV) After-Final and 

Appeal Procedures, thus maintaining the application's status as an accelerated 

application. 

Remarks to the pending Office Action begin at page 3. 
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Amendments to the Claims 

Please cancel claims 1-10 and 12-19. 

1-10. Canceled. 

11. (Twice Amended) A method of reducing the risk of the occurrence, in a 

patient a nenonate or near-term neonate patients, of one or more adverse events or 

adverse events or serious adverse events associated with a medical treatment 

comprising inhalation of nitric oxide, said method comprising: 

(a) identifying a neonate or near-term neonate patient eligible to receive inhaled 

nitric oxide treatment according to FDA-approved prescribing information. wherein said 

neonate or near-term neonate patient is not eligible to receive inhaled nitric oxide 

treatment if he or she is dependent on right-to-left shunting of blood at the patent ductus 

arteriosus; 

(b) determining if said eligible patient has pre-existing left ventricular dysfunction 

evidenced by an elevated pulmonary capillary \Nedge pressure; aAG, 

(c) administering said inhaled nitric oxide medical treatment to said eligible 

patient if said eligible patient does not have pre-existing left ventricular dysfunction, 

vtherein said patient is excluded from being administered said medical treatment if said 

patient has pre existing left ventricular dysfunction; and 

(d) not administering said inhaled nitric oxide to said eligible patient if said eligible 

patient has pre-existing left ventricular dysfunction in order to reduce thereby reducing 

the risk of the occurrence of :tAe .£ serious adverse event associated with said inhaled 

nitric oxide medical treatment. 

12-19. Canceled. 
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REMARKS 

Claims 1-10 and 12-19 have been cancelled. Claim 11 has been amended. 

Allowance of the present application in light of the above amendments and the following 

remarks is respectfully requested. 

Applicants would like to thank Examiner Arnold for the comments and discussion 

provided in the Advisory Action of February 23, 2011, and Examiner Kwon and 

Examiner Arnold for providing Applicant an opportunity to discuss the subject matter of 

the present application during the interview of January 10, 2011, conducted in 

connection with Applicants' related, co-pending patent applications 12/821,020 and 

12/821 ,041. 

Following the interview, Applicants submitted a response to the Final Office 

Action in which they sought to amend and add claims that highlighted the distinctions 

between the present invention and the prior art discussed at the January 10 interview. 

In response, the Examiner issued an Advisory Action indicating that those amendments 

did not put the application in condition for allowance and would require additional 

searching of the prior art. Accordingly, Applicants' January 141
h Amendment was not 

entered. 

It was certainly not Applicants intention to expand the scope of the claimed 

subject matter in a way that would require additional searching, but rather simply to 

present claims that reflected Applicants' understanding of the discussion at the 

interview. Applicants remain hopeful that there remains agreement with respect to the 

underlying fact that the IN022 study resulted in a significant medical invention not 

taught in the prior art and that the question presented is how appropriately to claim that 

invention. With this as background, Applicant respectfully submits this second after final 

response in an attempt to address the specific points made by the Examiner in the 

Advisory Action. 
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Applicant sought to establish three points during the January 10, 2011 Interview: 

1. That the present invention is not directed to neonates reliant on right-to-left 

shunting of blood at the patent ductus arteriosus because it was already well known in 

the art at the time of the IN022 study that such patients were ineligible to receive 

inhaled nitric oxide treatment. This is demonstrated by the Atz et al. article cited by the 

Examiner and the original FDA label for inhaled nitric oxide issued by the FDA which 

specifically states that inhaled nitric oxide is contraindicated for this patient population. 

Rather, the invention claimed in the present application is directed to pediatric patients 

with pre-existing left ventricular dysfunction that are not reliant on such right-to-left 

shunting. 

2. That the risk of increased adverse events and serious adverse events from 

administering inhaled nitric oxide to pediatric patients that are not reliant on right-to-left 

shunting, represented a highly surprising result to those skilled in the art, as 

demonstrated, e.g., by the fact that it was not recognized or considered by any of the 18 

independent review boards (IRBs) at medical institutions in the United States and 

abroad as a risk to be considered in the original protocol for the IN022 study. 

3. That the references cited by the Examiner are directed solely either (a) to 

neonates reliant on right-to-left shunting (e.g., Atz et al.); or (b) to adults suffering from 

an entirely different category of left ventricular dysfunction than the type that affects 

children. Adults with LVD suffer from diastolic dysfunction (stiff, non-compliant heart 

that cannot fill properly) caused by ischemic cardiomyopathy (heart failure due to 

coronary artery disease and resultant partial cardiac muscle death) and idiopathic 

dilated cardiomyopathy. By contrast, children with LVD suffer from systolic dysfunction 

(soft flabby heart that cannot push blood out) caused by congenital (structural) defects 

or cardiomyopathies (muscle diseases). For this reason, there were no existing 

concerns about left ventricular dysfunction in children or neonates until the I NOT 22 

study was analyzed and understood despite the known teachings of Loh and others with 

respect to adults. 
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It is respectfully submitted that if the above three points are agreed, the only 

barrier to allowance of the present application is identifying claim language that both the 

Examiner and Applicant agree captures the distinction between the claimed invention 

and the prior art and would not require an additional search of the prior art. The claim 

amendments above are an attempt to present such language and, for the reasons 

described below, are believed to address the concerns raised by the Examiner in the 

Advisory Action. 

The Examiner raises two concerns in the Advisory Action. First, the Examiner 

states that amending the claims from neonates to patients under the age of 18 raises 

new obviousness issues and would require additional search. In particular, the 

Examiner contends that a pediatric patient just under 18 years of age will be medically 

equivalent to an adult just over 18 years of age. Consequently, the Examiner 

concludes, a prior art reference such as Loh relating to adult patients may render 

obvious a claim that covers patients who are just short of their 181
h birthday. 

Applicants respectfully disagree with the Examiner's arguments on this point. 

The adults at issue in the Loh reference had an average age of 52 +/- 3 years and 

suffered from ischemic cardiomyopathy (heart failure due to coronary artery disease 

and resultant partial cardiac muscle death) and idiopathic dilated cardiomyopathy, which 

resulted in systolic left ventricular failure. These are symptoms of older adults, and 

Loh's teachings would not be understood as referring to an "adult" of age 18, and 

certainly not to a pediatric patient. 

Nevertheless, to facilitate the present prosecution, the claims presented in this 

second after-Final amendment are directed to neonates, and (without prejudice to 

Applicants' right to submit further amendments in the future in this or related 

applications), Applicant has not attempted in this response to amend the claims to cover 

patients under the age of 18. 
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Second, the Examiner contends that Atz et al. is not limited to patients with right­

to-left shunting of blood at the patent ductus arteriosus but also allegedly refers to 

patients with extreme left-to-right shunting at the foramen ovale in newborns with left 

ventricular dysfunction. It is respectfully submitted that the Examiner is simply incorrect 

in his reading of Atz et al. on this point. 

Atz et al., page 452, states in pertinent part: 

'~ different, but related phenomenon may be operative in the newborn 

with severe left ventricular dysfunction and pulmonary hypertension. In 

these patients, the systemic circulation may depend in part on the 

ability of the right ventricle to sustain cardiac output through a right-to­

left shunt across the patent ductus arteriosus. Selective pulmonary 

vasodilation may redirect the right ventricular output to the lungs and 

away from the systemic circulation. Therefore, in newborns with severe 

left ventricular dysfunction, predominantly left to right shunting at the 

foramen ovale and exclusively right to left shunting at the ductus 

arteriosus, NO should be used with extreme caution. (emphasis 

added)" 

With all due respect, the operative key word is "and." The Examiner seems to be 

interpreting Atz et al. as describing two separate conditions, "predominantly left to right 

shunting at the foramen ovale" and "exclusively right to left shunting at the ductus 

arteriosus." That is simply not a correct reading of Atz et al. Atz et al. is referring to a 

single condition, one in which patients exhibit a right to left shunt across the patent 

ductus arteriosus and a left-to-right shunt at the foramen ovale. 

Left-to-right shunt at the foramen ovale is not, in and of itself, a form of LVD. 

Indeed, a foramen ovale is not even located or associated with a left or right ventricle. 

Rather, as shown in Figure 1 below, a foramen ovale is an unintended opening between 

the right and left atrium. 
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Figure 1 

In particular, prior to birth, the fetal heart utilizes the foramen ovale as a means 

for blood to pass from the right atrium directly into the left atrium. This "bypass" allows 

fetal blood to circumvent the nonfunctional fetal lungs, while the fetus obtains its oxygen 

from the placenta. A layer of tissue called the septum primum acts as a valve over the 

foramen ovale during fetal development. After birth, the pressure in the pulmonary 

circulatory system drops, thus causing the foramen ovale to close entirely. In certain 

instances, the foramen ovale may not entirely seal after birth. In this case, elevation of 

pressure in the pulmonary circulatory system (i.e., pulmonary hypertension due to 

various causes) can cause the foramen ovale to remain open. This is known as a patent 

foramen ovale. Indeed, the use of inhaled nitric oxide to decrease pulmonary 

hypertension is known to be a successful treatment for right-to-left shunting through a 
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patent foramen ovale (see Right-to-Left shunting through a patent foramen ovale in right 

ventricular infarction: improvement of hypoxemic and hemodynamics with inhaled nitric 

oxide; Fessler MB et al, J Clin Anesth. 2003 Aug; 15(5): 371-4 ). 

By contrast, it has long been known that the use of inhaled nitric oxide is 

contraindicated in patients dependent on right-to-left shunt across the patent ductus 

arteriosus. Atz implies that the risk may be even greater if the newborn patient has 

both a dependency on right-to-left shunt across the patent ductus arteriosus combined 

with left to right shunt at the foramen ovale. In other words, Atz et al. is describing 

neonates with predominantly left-to-right shunting at the foramen ovale and exclusively 

right-to-left shunting at the ductus arteriosus, which is a subset of the well-known 

broader contraindication for the use of iNO in neonates (i.e., newborns) dependent on 

right-to-left shunt across the patent ductus arteriosus. But Atz et al. teaches nothing 

about patients with left-to-right shunt at the foramen ovale, in and of itself. This 

condition is neither a contraindication for inhaled nitric oxide (rather inhaled nitric oxide 

is used to treat it in specific instances), nor is it considered to be representative of "left 

ventricular dysfunction" (rather it is a defect of the atrium, not a ventricle). 

Support for the amendments and new claims is found in the specification of the 

application, as filed, including the original claims as filed and paragraphs [0007], [0020], 

[0023] and [0052] of the specification. Notably, the reference in claim 22 to patients 

"eligible to receive inhaled nitric oxide treatment" is original language in claim 11 as filed 

and is also found in paragraph [0007] of the application as filed. In addition, with 

respect to claim 20, both the contraindication for neonates dependent on right to left 

shunting of blood recited in part (b) of the claim and the warning recited in part (c) of the 

claim are expressly found in the prescribing label for inhaled nitric oxide incorporated by 

reference in the specification at paragraph [0020] (copy attached as Appendix A). 

In light of the above, Applicant respectfully submits that the application as 

amended is in condition for allowance and respectfully requests the same. Examiner 

Arnold is invited to contact Chief Patent Counsel for the patent owner, Jonathan 
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Provoost (Reg. No. 44,292) at 908-238-6392 to discuss any of the amendments or 

remarks set forth above. 

The application as amended contains one independent claim, one total claim, 

and no multiple dependent claims. As such, the application continues to comply with 

the 3/20 claim limitation for accelerated applications. 

No fees are believed to be due with this submission. Please apply any 

necessary charges or credits to deposit account 12-0769, referencing Attorney Docket 

No. 1001-0002USC1. 

Respectfully submitted, 

/Jonathan N. Provoost, Reg. No. 44,292/ 
Jonathan N. Provoost 
Attorney for Applicant and Assignee 
Associate General Counsel 
lkaria 
6 Route 173 
Clinton, NJ 08809 
Direct phone: (908) 238-6392 
Cell: (908) 391-3440 
Fax (legal dept.): (908) 238-6773 
jonathan.provoost@ikaria.com 
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Amendments to the Claims 

Please cancel claims 1-10 and 12-19. 

1-10. Canceled. 

11. (Twice Amended) A method of reducing the risk of the occurrence, in a 

patient a neonate or near-term neonate patients, of one or more adverse events or 

serious adverse events associated with a medical treatment comprising inhalation of 

nitric oxide, said method comprising: 

(a) identifying a patient eligible for in need of inhaled nitric oxide treatment~:;: 

(b) determining identifying if said patient has a first condition. said first condition 

being has pre existing left ventricular dysfunction evidenced by an elevated pulmonary 

capillary wedge pressure dependency on right-to-left shunting of blood at the patent 

ductus arteriosus; aRG, 

(c) further identifying if said patient has a second condition. said second condition 

being pre-existing left ventricular dysfunction. independent and separate from whether 

said patient has right-to-left shunting of blood at the patent ductus arteriosus; and 

.(Qladministering said inhaled nitric oxide medical treatment to said patient if said 

patient does not have the first condition or the second condition. pre existing left 

ventricular dysfunction, wherein said patient is excluded from being administered said 

medical treatment if said patient has pre existing left ventricular dysfunction; 

thereby reducing the risk of the occurrence of the g serious adverse event 

associated \Nith said medical treatment. 

12-19. Canceled. 
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REMARKS 

Claims 1-10 and 12-19 have been cancelled. Claim 11 has been amended. 

Allowance of the present application in light of the above amendments and the following 

remarks is respectfully requested. 

Applicants would like to thank Examiner Arnold for the comments and discussion 

provided in the Examiner interview of March 3, 2011. 

Based on the discussion during the interview, Applicants have attempted to 

amend claim 11 to reflect the agreement reached during the interview. In sum, 

amended claim 11 more clearly distinguishes between the step of identifying patients 

depending on right-to-left shunting of blood at the patent ductus arteriosus, and with 

respect to the present invention, further identifying patients with pre-existing left 

ventricular dysfunction, independent of whether such patients have right-to-left shunting 

of blood at the patent ductus arteriosus. 

To reiterate, the prior art (Atz et al., page 452) discloses the well known 

contraindication (also found on the prescribing information of INOMAX®, submitted with 

prior communications) that neonates dependent on right-to-left shunting of blood 

through a patent ductus arteriosus should not be administered inhaled nitric oxide. 

Indeed, at the time of the invention, it was widely recognized by those of skill in the art 

that this class of patients should not be given inhaled NO therapy. In contrast to the 

prior art and the contraindication, the claimed invention relates to an important 

discovery of an elevated risk for the use of inhaled NO within a newly identified and 

separate patient population - pediatric patients with pre-existing left ventricular 

dysfunction, independent and separate from those dependent on a right-to-left shunting 

of blood. 
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Turning to the specific language of amended claim 11, step (b) relates to 

identifying patients who are dependent on right-to-left shunting of blood at the patent 

ductus arteriosus- i.e., the prior art. Conversely, step (c) separately and independently 

from (b), relates to the nature of the invention- i.e., further identifying patients with pre­

existing left ventricular dysfunction, independently of those captured in step (b). Finally, 

as discovered during INOT22, step (d) relates to excluding from treatment with inhaled 

nitric oxide, those patients found to have either (b) or (c). 

Support for the amendments and new claims is found in the specification of the 

application, as filed, including the original claims as filed and paragraphs [0007], [0020], 

[0023] and [0052] of the specification. 

In light of the above, Applicant respectfully submits that the application as 

amended is in condition for allowance and respectfully requests the same. Examiner 

Arnold is invited to contact Chief Patent Counsel for the patent owner, Jonathan 

Provoost (Reg. No. 44,292) at 908-238-6392 to discuss any of the amendments or 

remarks set forth above. 

The application as amended contains one independent claim, one total claim, 

and no multiple dependent claims. As such, the application continues to comply with 

the 3/20 claim limitation for accelerated applications. 
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No fees are believed to be due with this submission. Please apply any 

necessary charges or credits to deposit account 12-0769, referencing Attorney Docket 

No. 1001-0002USC1. 

Respectfully submitted, 

/Jonathan N. Provoost, Reg. No. 44,292/ 
Jonathan N. Provoost 
Attorney for Applicant and Assignee 
Associate General Counsel 
lkaria 
6 Route 173 
Clinton, NJ 08809 
Direct phone: (908) 238-6392 
Cell: (908) 391-3440 
Fax (legal dept.): (908) 238-6773 
jonathan.provoost@ikaria.com 
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Advisory Action 
Before the Filing of an Appeal Brief 

Application No. 

12/820,866 

Examiner 

ERNST ARNOLD 

Applicant(s) 

BALDASSARRE ET AL. 

Art Unit 

1613 

--The MAILING DATE of this communication appears on the cover sheet with the correspondence address -­

THE REPLY FILED 03 March 2011 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE. 

1. ~ The reply was filed after a final rejection, but prior to or on the same day as filing a Notice of Appeal. To avoid abandonment of this 
application, applicant must timely file one of the following replies: (1) an amendment, affidavit, or other evidence, which places the 
application in condition for allowance; (2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or (3) a Request 
for Continued Examination (RCE) in compliance with 37 CFR 1.114. The reply must be filed within one of the following time 
periods: 

a) [8J The period for reply expires .1_months from the mailing date of the final rejection. 
b) D The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later. In 

no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection. 
Examiner Note: If box 1 is checked, check either box (a) or (b). ONLY CHECK BOX (b) WHEN THE FIRST REPLY WAS FILED WITHIN TWO 
MONTHS OF THE FINAL REJECTION. See MPEP 706.07(f). 

Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate extension fee 
have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The appropriate extension fee 
under 37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally set in the final Office action; or (2) as 
set forth in (b) above, if checked. Any reply received by the Office later than three months after the mailing date of the final rejection, even if timely filed, 
may reduce any earned patent term adjustment. See 37 CFR 1.704(b). 
NOTICE OF APPEAL 
2. D The Notice of Appeal was filed on __ . A brief in compliance with 37 CFR 41.37 must be filed within two months of the date of 

filing the Notice of Appeal (37 CFR 41.37(a)), or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. Since a 
Notice of Appeal has been filed, any reply must be filed within the time period set forth in 37 CFR 41.37(a). 

AMENDMENTS 

3. [8J The proposed amendment(s) filed after a final rejection, but prior to the date of filing a brief, will not be entered because 
(a) [8J They raise new issues that would require further consideration and/or search (see NOTE below); 
(b) [8J They raise the issue of new matter (see NOTE below); 
(c) [8J They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for 

appeal; and/or 
(d) D They present additional claims without canceling a corresponding number of finally rejected claims. 

NOTE: See Continuation Sheet. (See 37 CFR 1.116 and 41.33(a)). 

4. D The amendments are not in compliance with 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324). 

5. D Applicant's reply has overcome the following rejection(s): __ . 

6. D Newly proposed or amended claim(s) __ would be allowable if submitted in a separate, timely filed amendment canceling the 
non-allowable claim(s). 

7. [8J For purposes of appeal, the proposed amendment(s): a)~ will not be entered, or b) D will be entered and an explanation of 
how the new or amended claims would be rejected is provided below or appended. 
The status of the claim(s) is (or will be) as follows: 
Claim(s) allowed: __ . 
Claim(s) objected to: __ . 
Claim(s) rejected: 1-19. 
Claim(s) withdrawn from consideration: __ . 

AFFIDAVIT OR OTHER EVIDENCE 

8. D The affidavit or other evidence filed after a final action, but before or on the date of filing a Notice of Appeal will not be entered 
because applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and 
was not earlier presented. See 37 CFR 1.116(e). 

9. D The affidavit or other evidence filed after the date of filing a Notice of Appeal, but prior to the date of filing a brief, will not be 
entered because the affidavit or other evidence failed to overcome§.!! rejections under appeal and/or appellant fails to provide a 
showing a good and sufficient reasons why it is necessary and was not earlier presented. See 37 CFR 41.33(d)(1 ). 

1 0. D The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached. 
REQUEST FOR RECONSIDERATION/OTHER 

11. ~ The request for reconsideration has been considered but does NOT place the application in condition for allowance because: 
See Continuation Sheet. 

12. D Note the attached Information Disclosure Statement(s). (PTO/SB/08) Paper No(s). __ 

13. D Other: __ . 

U.S. Patent and Trademark Off1ce 
PTOL-303 (Rev. 08·06) 

/Ernst V Arnold/ 
Primary Examiner, Art Unit 1613 

Advisory Action Before the Filing of an Appeal Brief Part of Paper No. 20110314 
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Continuation Sheet (PT0-303) Application No. 12/820,866 

Continuation of 3. NOTE: The term 'patent ductus arteriosus' is not in the speciation as filed and appears to be new matter. 

Continuation of 11. does NOT place the application in condition for allowance because: After consultation with a quality assurance 
specials it, it has been determined that: 1) the amendment raise issues of proper incorporation by reference of essential subject matter; 2) 
raises the issue of a need for applicant to UPDATE both their search and examination support documents; 3) requires additional search by 
the Examiner; 4) requires modification of existing rejections; 5) does not simplify issues for appeal; and 6) does not place the case in 
immediate condition for allowance. 
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Do Not Enter 
/EA/ 
3/14/11 

Title of Application 

First Named Inventor 

Mail Stop After Final Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Methods of Treating Term and Near-Term 
Neonates Having Hypoxic Respiratory 
Failure Associated with Clinical or 
Echocardiographic Evidence of Pulmonary 

ertension 

REPLY AFTER FINAL (37 CFR 1.116) 
ACCELERATED EXAM- TRANSMITTAL REPLY 

This communication is responsive to the Examiner Interview of March 3, 2011, 

and the Advisory Action mailed Feb. 23, 2011. 

Applicant respectfully requests entry of this 3nd Reply After Final, reconsideration 

of the pending rejections, and allowance of the application. A listing of the claims and 

amendments thereof is shown starting at page 2. 

Applicant further asserts that this 3nd Reply After Final has been diligently filed 

and that the application is in compliance with MPEP 708.02(a)(IV) After-Final and 

Appeal Procedures, thus maintaining the application's status as an accelerated 

application. 

Remarks to the pending Office Action begin at page 3. 
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PTO/SB/30 (07-09) 
Approved for use through 07/31/2012. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
u d th p n er e aoerwor k R d ct' Act f 1995 e u 1on 0 no oersons are reau1re d t o resoon d t II t' f. f t' I "t t . l"d OMB t I b o a co ec 1on o 1n orma 1on un ess 1 con a1ns a va 1 con ro num er. 

Request Application Number 12/820,866 ' for 
6/22/2010 Filing Date 

Continued Examination (RCE) 
James S. Baldassarre Transmittal First Named Inventor 

Address to: Art Unit 1613 
Mail Stop RCE 
Commissioner for Patents 
P.O. Box 1450 

Examiner Name Ernst V. Arnold 

Alexandria, VA 22313-1450 Attorney Docket Number 1001 - 0002USC1 

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8, 
1995, or to any desiqn application. See Instruction Sheet for RCEs (not to be submitted to the USPTO) on paqe 2. 

1. [Submission required under 37 CFR 1.114j Note: If the RCE is proper, any previously filed unentered amendments and 
amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant instructs otherwise. If 
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such 
amendment(s). 

a. D Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be 
considered as a submission even if this box is not checked. 

i. D Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

li. D Other 

b. [ZJ Enclosed 

I. [l] Amendment/Reply iii. [l] Information Disclosure Statement (IDS) 

ii. D Affidavit(s)/ Declaration(s) iv. [ZJ Other Accelerated exam support docs 

2. [Miscellaneous ) 

D 
Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a 

a. period of months. (Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required) 

b. D Other 

3. [ Fees) The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed. 

[l] The Director is hereby authorized to charge the following fees, any underpayment of fees, or credit any overpayments, to 
a. Deposit Account No. 12-0769 

i. [ZJ RCE fee required under 37 CFR 1.17(e) 

ii. [ZJ Extension of time fee (37 CFR 1.136 and 1.17) 

iii. D Other 

b. D Check in the amount of$ enclosed 

C. [ZJ Payment by credit card (Form.P:f8-283&enelesee)- Payment made via EFS-Web. 

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit 
card information and authorization on PT0-2038. 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 
Signature I /Christopher P. Roqers ReqNo 36334/ I Date I May 2 2011 
Name (Print/Type) I Christopher P. Rogers 1 Registration No. I 36.334 

CERTIFICATE OF MAILING OR TRANSMISSION 

I hereby certify that this correspondence is being deposited with the United States Postal Service with sufficient postage as first class mail in an envelope 
addressed to: Mail Stop RCE, Commissioner for Patents, P. 0. Box 1450, Alexandria, VA 22313-1450 or facsimile transmitted to the U.S. Patent and Trademark 
Office on the date shown below. 
Signature I Filed via EFS WEB 
Name (Print/Type) I 1 Date 

Th1s collection of 1nformat1on 1s requ1red by 37 CFR 1.114. The 1nformat1on 1s requ1red to obta1n or reta1n a benefit by the public wh1ch 1s to f1le (and by the USPTO 
to process) an application. Confidentiality is governed by 35 U .S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Mail Stop RCE, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE (USPTO) 
Application Serial Number 12/820,866 
Confirmation Number 2913 
Filing Date June 22, 201 0 
Title of Application Methods of Treating Term and Near-Term 

Neonates Having Hypoxic Respiratory 
Failure Associated with Clinical or 
Echocardiographic Evidence of Pulmonary 
Hypertension 

First Named Inventor James S. Baldassarre 
Assignee lkaria, Inc. 
Group Art Unit 1613 
Examiner Arnold, Ernst V. 
Attorney Docket Number 1001-0002USC1 

UPDATED ACCELERATED EXAMINATION SUPPORT DOCUMENT 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This Updated Accelerated Examination Support Document (AESD) is submitted 

in support of the Petition for Accelerated Examination filed herewith. 

Pending claims 20-27 are shown starting at page 2 herein. 

Consideration and grant of the Petition to Accelerate Examination is respectfully 

requested. 

A tty Docket No: 1001-0002USCJ Page 1 of 7 Lee & Hayes PLLC 
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CLAIMS 

20. A method of reducing the risk of the occurrence, in a neonate or near-term 

neonate patient, of one or more adverse events or serious adverse events associated 

with a medical treatment comprising inhalation of nitric oxide, said method comprising: 

(a) identifying a patient in need of inhaled nitric oxide treatment; 

(b) identifying if said patient has a first condition, said first condition being where 

the patient is known to be dependent on right-to-left shunting of blood; 

(c) further identifying if said patient has a second condition, said second condition 

being pre-existing left ventricular dysfunction, independent and separate from whether 

said patient is dependent on right-to-left shunting of blood; and 

(d) administering said inhaled nitric oxide treatment to said patient if said patient 

does not have the first condition or the second condition. 

21. A method of reducing the risk of one or more adverse events or serious 

adverse events associated with the use of inhaled nitric oxide in term or near-term 

neonate patients, said method comprising: 

a. providing a source of pharmaceutically acceptable nitric oxide gas for 

inhalation to a medical provider; 

b. informing the medical provider of a first risk factor, said first risk factor being 

that nitric oxide is contraindicated in the treatment of neonates known to be dependent 

on right-to-left shunting of blood; and, 

c. informing the medical provider of a second risk factor, said second risk factor 

being independent and separate from said first risk factor, said second risk factor being 

that in patients with elevated pulmonary capillary wedge pressure, inhaled nitric oxide 

may increase pulmonary wedge pressure leading to pulmonary edema. 

22. The method of claim 20 wherein the patients have an elevated pulmonary 

capillary wedge pressure greater than or equal to 20 mg Hg. 

A tty Docket No: 1001-0002USCJ Page 2 of 7 Lee & Hayes PLLC 
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23. The method of claim 20 wherein the neonate patients are receiving inhaled 

nitric oxide for the treatment of hypoxic respiratory failure associated with clinical or 

echocardiographic evidence of pulmonary hypertension. 

24. The method of claim 20 wherein the source of inhaled nitric oxide is a 

pressurized cylinder containing nitric oxide and one or more inert gases. 

25. A method of reducing the risk of one or more adverse events or serious 

adverse events associated with the use of inhaled nitric oxide in term or near-term 

neonates, said method comprising: 

a. providing a source of pharmaceutically acceptable nitric oxide gas for 

inhalation to a medical provider; 

b. informing the medical provider of a first risk factor, said first risk factor being 

that nitric oxide is contraindicated in the treatment of neonates known to be dependent 

on right-to-left shunting of blood; and, 

c. informing the medical provider of a second risk factor, said second risk factor 

being independent and separate from first risk factor, wherein said second risk factor 

being that in children with pre-existing left ventricular dysfunction, inhaled nitric oxide 

may increase pulmonary wedge pressure leading to pulmonary edema. 

26. The method of claim 25 wherein children with pre-existing left ventricular 

dysfunction are characterized by a condition selected from the group consisting of 

elevated pulmonary capillary wedge pressure, diastolic dysfunction, hypertensive 

cardiomyopathy, systolic dysfunction, ischemic cardiomyopathy, viral cardiomyopathy, 

idiopathic cardiomyopathy, autoimmune disease related cardiomyopathy, drug-related 

cardiomyopathy, toxin-related cardiomyopathy, structural heart disease, valvular heart 

disease and congenital heart disease. 

27. The method of claim 25 wherein children with pre-existing left ventricular 

dysfunction are characterized by systolic dysfunction and a pulmonary capillary wedge 

pressure of greater than or equal to 20 mg Hg. 

A tty Docket No: 1001-0002USCJ Page 3 of 7 Lee & Hayes PLLC 
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9(A) References Deemed Most Closely Related 

An Information Disclosure Statement in compliance with 37 CFR 1.98 has been 

filed herewith citing each of the following references deemed most closely related to the 

subject matter of the claims. 

List of Most Closely Related References 

Rosenberg, Adam A., Inhaled nitric oxide in the premature infant with severe 

hypoxemic respiratory failure: A time for caution, J Pediatr 1998:133:720-2. 

("Rosenberg"). 

lchinose, F. et al., Inhaled Nitric Oxide: A Selective Pulmonary Vasodilator: 

Current Uses and Therapeutic Potential, Circulation 2004;1 09;31 06-3111. ("lchinose"). 

Konduri GG et al., A randomized trial of early versus standard inhaled nitric oxide 

therapy in term and near-term newborn infants with hypoxic respiratory failure, 

Pediatrics 2004;113;559-564. ("Konduri"). 

Soto, FJ et al., Cardiopulmonary Hemodynamics in Pulmonary Hypertension: 

Pressure Tracings, Waveforms, and More, Advances in Pulmonary Hypertension, 

Winter 08-09, Vol. 7, No.4, pp. 386-393. ("Soto"). 

Malloy R., Nitric Oxide Weaning, RT: For Decision Makers in Respiratory Care 

(December 2000). ("Malloy"). 

Delivery of Inhaled Nitric Oxide Therapy through an Adult or Pediatric Nasal 

Cannula, UTMB Respiratory Care Services (2005). ("UTMB Procedure"). 

Fraisse A et al., Doppler echocardiographic predictors of outcome in newborns 

with persistent pulmonary hypertension, Cardiol Young 2004; 14:277-283. ("Fraisse"). 

9(8) Identification of Limitations Disclosed by References 

Rosenberg is a review article of a selection of then-published studies concerning 

inhaled nitric oxide in premature infants with severe hypoxemic respiratory failure. No 
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new studies or data is reported. As such, Rosenberg is concerned with respiratory 

failure as opposed to heart failure. 

lchinose is a review article concerning inhaled nitric oxide being a selective 

pulmonary vasodilator. lchinose reviews current uses and discusses the therapeutic 

potential of inhaled nitric oxide. No new studies or data is reported. 

Konduri reports the results of a randomized trial that enrolled neonates born at~ 

34 weeks gestation. The authors concluded that inhaled nitric oxide (iNO) improved 

oxygenation but does not reduce the incidence of ECMO/mortality when initiated at an 

oxygenation index of 15-25 compared to initiation at >25 in-term and near-term 

neonates with respiratory failure. (See Abstract). 

Soto is a continuing medical education paper concerning cardiopulmonary 

hemodynamics in patients with pulmonary hypertension. Under the heading 

"Vasodilator challenge," Soto discusses a patient receiving iNO resulting in increased 

PCWP and V wave pressure upon vasodilation. (Seep. 389). The findings point to LVD 

being the likely cause of pulmonary hypertension in the patient. 

Malloy is an article pointing out that iNO is contraindicated in neonates 

dependent on right-to-left shunting of blood. 

UTMB Procedure includes guidelines for iNO therapy. Under the heading 

"Indications", it discloses that iNO is indicated for use in term and near-term neonates 

with hypoxic respiratory failure associated with various conditions. 

Fraisse discusses a study involving neonates with persistent pulmonary 

hypertension. The authors concluded that "an exclusively left-to-right shunt across the 

atrial septum increases the risk of failing to respond to nitric oxide." (P. 282 left column). 

Fraisse is concerned with the "predictive features of echocardiography in persistent 

pulmonary hypertension of the newborn." (ld. at right column). 

9(C) Detailed Explanation of Patentability 
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Independent claim 20 involves identifying the first condition (right-to-left shunt) 

and the second condition (pre-existing LVD). Independent claims 21 and 25 involve 

informing the medical provider of the first and second risk factors (right-to-left shunt and 

pre-existing LVD). Claim 20 has the additional step (d) of administering iNO if the 

patient does not have right-to-left shunt or pre-existing LVD. Claims 21 and 25 have the 

additional step (a) of providing NO gas for inhalation. 

None of the references disclose an increased risk of adverse events or severe 

adverse events associated with iNO treatment in a pediatric patient population 

(comprising neonates and near-term neonates) that have been diagnosed as having 

pre-existing left ventricular dysfunction (LVD), separate and independent from the 

known contraindication of iNO for neonates dependent on right-to-left shunting of blood. 

Thus, claims 20-27 are patentably novel and nonobvious over the new prior art 

set forth herein at least because it fails to disclose or render obvious the increased risk 

of adverse events or serious adverse events associated with iNO treatment in a 

pediatric population. 

9(0) Concise Statement of Utility 

The instantly claimed invention is eligible subject matter under 35 USC 101 for 

patentable utility in that the claims are generally directed to a method of reducing the 

risk of adverse events and serious adverse events in patients in need of being treated 

with inhaled nitric oxide. 

9(E) Showing of Support under 35 USC 112. First Paragraph 

Support for the new claims is found in the specification of the application, as filed, 

including the original claims as filed and paragraphs [0007], [0011], [0014], [0020], 

[0023] and [0052] of the specification. In addition, with respect to the contraindication 

for neonates dependent on right to left shunting of blood, this language is expressly 

found in the prescribing information for inhaled nitric oxide, incorporated by reference in 

the specification at paragraph [0020], and as per the amendment to the specification 

above, this language is now expressly included in paragraph [0020]. 
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9(F) Identification of References Disqualified as Prior Art under 35 USC 1 03(c) 

None of the cited references are disqualified as prior art under 35 USC 1 03(c). 

Respectfully Submitted, 

/Christopher P. Rogers. RegNo 36.334/ 
Christopher P. Rogers 
Lee & Hayes PLLC 
601 W. Riverside Ave. 
Suite 1400 
Spokane, WA 99201 
(509)944-4 785 

Date: May 2. 2011 
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REPLY AMENDMENT 37 CFR 1.111(a) 
ACCELERATED EXAM- TRANSMITTAL REPLY 

This communication is responsive to the Final Office Action mailed November 2, 

2010, setting a shortened statutory period for reply of 3 months. 

Applicant respectfully requests entry of this Reply Amendment, reconsideration 

of the pending rejections, and allowance of the application. 

Amendments to the Specification begin on page 2 of this paper. 

Amendments to the Claims are reflected in the listing of claims beginning on 

page 3 of this paper. 

The Remarks begin on page 6 of this paper. 
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Amendments to the Specification 

Please amend paragraph [0020] as follows: 

[0020] INOmax® (nitric oxide) for inhalation was approved for sale in the United 

States by the U.S. Food and Drug Administration ("FDA") in 1999. Nitric oxide, the 

active substance in INOmax®, is a selective pulmonary vasodilator that increases the 

partial pressure of arterial oxygen (Pa02) by dilating pulmonary vessels in better 

ventilated areas of the lung, redistributing pulmonary blood flow away from the lung 

regions with low ventilation/perfusion (V/Q) ratios toward regions with normal ratios. 

INOmax® significantly improves oxygenation, reduces the need for extracorporeal 

oxygenation and is indicated to be used in conjunction with ventilatory support and other 

appropriate agents. The current FDA-approved prescribing information for INOmax® is 

incorporated herein by reference in its entirety. Section 4 of the prescribing information. 

Contraindications. states that INOmax® is contraindicated in the treatment of neonates 

known to be dependent on right-to-left shunting of blood. 
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Amendments to the Claims 

Please cancel claims 1-19. Please add new claims 20-27. 

1-19. Canceled. 

20. (New) A method of reducing the risk of the occurrence, in a neonate or 

near-term neonate patient, of one or more adverse events or serious adverse events 

associated with a medical treatment comprising inhalation of nitric oxide, said method 

comprising: 

(a) identifying a patient in need of inhaled nitric oxide treatment; 

(b) identifying if said patient has a first condition, said first condition being where 

the patient is known to be dependent on right-to-left shunting of blood; 

(c) further identifying if said patient has a second condition, said second condition 

being pre-existing left ventricular dysfunction, independent and separate from whether 

said patient is dependent on right-to-left shunting of blood; and 

(d) administering said inhaled nitric oxide treatment to said patient if said patient 

does not have the first condition or the second condition. 

21. (New) A method of reducing the risk of one or more adverse events or 

serious adverse events associated with the use of inhaled nitric oxide in term or near­

term neonate patients, said method comprising: 

a. providing a source of pharmaceutically acceptable nitric oxide gas for 

inhalation to a medical provider; 

b. informing the medical provider of a first risk factor, said first risk factor being 

that nitric oxide is contraindicated in the treatment of neonates known to be dependent 

on right-to-left shunting of blood; and, 

c. informing the medical provider of a second risk factor, said second risk factor 

being independent and separate from said first risk factor, said second risk factor being 
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that in patients with elevated pulmonary capillary wedge pressure, inhaled nitric oxide 

may increase pulmonary wedge pressure leading to pulmonary edema. 

22. (New) The method of claim 20 wherein the patients have an elevated 

pulmonary capillary wedge pressure greater than or equal to 20 mg Hg. 

23. (New) The method of claim 20 wherein the neonate patients are receiving 

inhaled nitric oxide for the treatment of hypoxic respiratory failure associated with 

clinical or echocardiographic evidence of pulmonary hypertension. 

24. (New) The method of claim 20 wherein the source of inhaled nitric oxide is 

a pressurized cylinder containing nitric oxide and one or more inert gases. 

25. (New) A method of reducing the risk of one or more adverse events or 

serious adverse events associated with the use of inhaled nitric oxide in term or near­

term neonates, said method comprising: 

a. providing a source of pharmaceutically acceptable nitric oxide gas for 

inhalation to a medical provider; 

b. informing the medical provider of a first risk factor, said first risk factor being 

that nitric oxide is contraindicated in the treatment of neonates known to be dependent 

on right-to-left shunting of blood; and, 

c. informing the medical provider of a second risk factor, said second risk factor 

being independent and separate from first risk factor, wherein said second risk factor 

being that in children with pre-existing left ventricular dysfunction, inhaled nitric oxide 

may increase pulmonary wedge pressure leading to pulmonary edema. 

26. (New) The method of claim 25 wherein children with pre-existing left 

ventricular dysfunction are characterized by a condition selected from the group 

consisting of elevated pulmonary capillary wedge pressure, diastolic dysfunction, 

hypertensive cardiomyopathy, systolic dysfunction, ischemic cardiomyopathy, viral 
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cardiomyopathy, idiopathic cardiomyopathy, autoimmune disease related 

cardiomyopathy, drug-related cardiomyopathy, toxin-related cardiomyopathy, structural 

heart disease, valvular heart disease and congenital heart disease. 

27. (New) The method of claim 25 wherein children with pre-existing left 

ventricular dysfunction are characterized by systolic dysfunction and a pulmonary 

capillary wedge pressure of greater than or equal to 20 mg Hg. 

Page 5 of 27 

Ex. 2007-0645



USSN: 12/820,866 

REMARKS 

In the specification, paragraph [0020] was amended to include language from the 

INOMAX® prescribing information, which was expressly incorporated by reference 

within paragraph [0020] of the original specification. The language added to paragraph 

[0020] is material previously incorporated by reference and the amendment to 

paragraph [0020] contains no new matter (see 37 CFR 1.57(f) and MPEP 608.01 (p)). 

Claims 1-19 have been canceled. 

New claims 20- 27 have been added. In particular, new claim 20 is analogous 

to claim 11, as presented in the 4th After Final Reply of March 3rd, 2011, subsequent to 

a discussion with Examiner Arnold on March 3, 2011. Support for the new claims is 

found in the specification of the application, as filed, including the original claims as filed 

and paragraphs [0007], [0011], [0014], [0020], [0023] and [0052] of the specification. In 

addition, with respect to the contraindication for neonates dependent on right to left 

shunting of blood, this language is expressly found in the prescribing information for 

inhaled nitric oxide, incorporated by reference in the specification at paragraph [0020], 

and as per the amendment to the specification above, this language is now expressly 

included in paragraph [0020]. 

The amendments and new claims address matters discussed during the 

Examiner Interview conducted on January 10, 2011, a discussion with Examiner Arnold 

on March 3, 2011, and Advisory Actions of February 23, 2011 and March 25, 2011. 

Applicant submits that the amendments herein are in compliance with revised 37 

CFR 1.121. 

On March 3rd, after a telephone conference with Examiner Arnold, Applicants 

submitted a 4th Reply After Final seeking to amend a single claim (claim 11) that would 
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distinguish the present invention from the prior art. In response, on March 25, 2011 the 

Examiner issued an Advisory Action indicating that the March 3, 2011, amendments did 

not put the application in condition for allowance due to the fact that the term "patent 

ductus arterious" was not found in the original specification. To redress this objection, 

the term "patent ductus arterious" is not presented within new claims 20-27. Further, 

the Examiner noted that the amendments require an update to the search and 

examination support documents. Accordingly, with this Request for Continuation, 

applicants include an updated Accelerated Examination Support Document. 

Applicants remain hopeful that there remains agreement with respect to the 

underlying fact that the IN022 study resulted in a significant medical invention not 

taught in the prior art and that the question presented is how appropriately to claim that 

invention. 

Applicant sought to establish three points during the January 10, 2011, interview: 

1. That the present invention is not directed to neonates reliant on right-to-left 

shunting of blood at the patent ductus arteriosus because it was already well known in 

the art at the time of the IN022 study that such patients were ineligible to receive 

inhaled nitric oxide treatment. This is demonstrated by the Atz et al. article cited by the 

Examiner and the original FDA label for inhaled nitric oxide issued by the FDA which 

specifically states that inhaled nitric oxide is contraindicated for this patient population. 

Rather, the invention claimed in the present application is directed to pediatric patients 

with pre-existing left ventricular dysfunction that are not reliant on such right-to-left 

shunting. 

2. That the risk of increased adverse events and serious adverse events from 

administering inhaled nitric oxide to pediatric patients that are not reliant on right-to-left 

shunting, represented a highly surprising result to those skilled in the art, as 

demonstrated, e.g., by the fact that it was not recognized or considered by any of the 18 
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independent review boards (IRBs) at medical institutions in the United States and 

Europe, nor two independent National Health Authorities (the US FDA and the 

European Medicines Agency) as a risk to be considered in the original protocol for the 

IN022 study. 

3. That the references cited by the Examiner are directed solely either (a) to 

neonates reliant on right-to-left shunting (e.g., Atz et al.); or (b) to adults suffering from 

an entirely different category of left ventricular dysfunction than the type that affects 

children. Adults with LVD suffer from diastolic dysfunction (stiff, non-compliant heart 

that cannot fill properly) caused by ischemic cardiomyopathy (heart failure due to 

coronary artery disease and resultant partial cardiac muscle death) and idiopathic 

dilated cardiomyopathy. By contrast, children with LVD suffer from systolic dysfunction 

(soft flabby heart that cannot push blood out) caused by congenital (structural) defects 

or cardiomyopathies (muscle diseases). For this reason, there were no existing 

concerns about left ventricular dysfunction in children or neonates until the I NOT 22 

study was analyzed and understood despite the known teachings of Loh and others with 

respect to adults. 

It is respectfully submitted that if the above three points are agreed, the only 

barrier to allowance of the present application is identifying claim language that both the 

Examiner and Applicant agree captures the distinction between the claimed invention 

and the prior art. With this background, applicant respectfully submits that the new 

claims presented herein are believed to address the concerns raised by the Examiner in 

the in the Advisory Action of March 25, 2011. 

As amended, claims 20-27 more clearly distinguish between the step of 

identifying neonates depending on right-to-left shunting of blood at the patent ductus 

arteriosus, and with respect to the present invention, further identifying patients with 

pre-existing left ventricular dysfunction, independent of whether such patients have 

right-to-left shunting of blood at the patent ductus arteriosus. To further clarify this 
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distinction, dependent claim 26 further limits the claimed definition of pre-existing left 

ventricular dysfunction in children to only include children characterized by a condition 

selected from the group consisting of elevated pulmonary capillary wedge pressure, 

diastolic dysfunction, hypertensive cardiomyopathy, systolic dysfunction, ischemic 

cardiomyopathy, viral cardiomyopathy, idiopathic cardiomyopathy, autoimmune disease 

related cardiomyopathy, drug-related cardiomyopathy, toxin-related cardiomyopathy, 

structural heart disease, valvular heart disease and congenital heart disease. 

Dependent claim 27 limits the claimed definition of pre-existing left ventricular 

dysfunction to children with pre-existing left ventricular dysfunction are characterized by 

systolic dysfunction and a pulmonary capillary wedge pressure of greater than or equal 

to 20 mg Hg. 

Final Office Action of November 2, 2010 

Rejections Under 35 USC § 1 02(b) 

Former claim 1 was rejected as being anticipated by the NIH Clinical Center, 

Department Policy and Procedure Manual for the Critical Care therapy and Respiratory 

Care Section; Nitric Oxide Therapy, 2000 (hereinafter the "NIH Manual") and Atz, et al., 

Seminars in Perinatology, 1997 (hereinafter "Atz"). 

"Anticipation" under 35 USC1 02 requires that a rejection must be based on a 

single prior art reference. For a claim to be anticipated, each claim element must be 

disclosed, either expressly or inherently, in a single prior art reference, and the claimed 

arrangement or combination of those elements must also be disclosed, either expressly 

or inherently, in that same prior art reference. 

In particular, the Examiner states that the NIH Manual contains a relative 

contraindication to the use of inhaled nitric oxide in severe left ventricular failure and 

that such contraindication applies to the treatment of term or near term neonates. 

During the interview of January 10, 2011, Applicants provided an email from Dr. Dennis 
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T. Brown, Section Chief, at the NIH Hospital in Bethesda, Maryland, to Jeffrey R. Smith, 

Esq, an attorney and expert witness at the firm representing Applicant, confirming that 

the NIH manual reference is limited to the use of inhaled nitric oxide therapy in adult 

patients being treated in the intensive care unit (a reproduction of the email is attached 

in Appendix A) and that the NIH Hospital does not contain a neonatal intensive care unit 

for the treatment of adults. Further, applicants highlight the fact that section 5.0 of the 

NIH Manual, Contraindications (both absolute and relative contraindications), is virtually 

an exact duplicate of the same Contra indications (both absolute and relative 

contraindications) described in B.H. Cuthbertson, P. Dellinger, O.L., Dyar, T.E. Evens, 

et al., UK guidelines for the use of inhaled nitric oxide therapy in adult /GUs. Intensive 

Care Med (1997) 23:1212-1218 (see page 1216, Table 1 ), which is cited in Section 19.0 

References of the NIH Manual. Thus, the NIH Manual describes the risks associated 

with the use of iNO in adult patients, not patients under the age of 18 (e.g., non-adults). 

Atz, page 452, states in pertinent part: 

"Caution should be exercised when administering NO to patients with 

severe left ventricular dysfunction and pulmonary hypertension. In 

adults with ischemic cardiomyopathy, sudden pulmonary vasodilation 

may occasionally unload the right ventricle sufficiently to increase 

pulmonary blood flow and harmfully augment preload in a compromised 

left ventricle. The attendant increase in left atrial pressure may produce 

pulmonary edema. . .. A different, but related phenomenon may be 

operative in the newborn with severe left ventricular dysfunction and 

pulmonary hypertension. In these patients, the systemic circulation 

may depend in part on the ability of the right ventricle to sustain cardiac 

output through a right-to-left shunt across the patent ductus arteriosus. 

Selective pulmonary vasodilation may redirect the right ventricular 

output to the lungs and away from the systemic circulation. Therefore, 

in newborns with severe left ventricular dysfunction, predominantly left 
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to right shunting at the foramen ovale and exclusively right to left 

shunting at the ductus arteriosus, NO should be used with extreme 

caution." 

Thus, Atz describes two distinct phenomenon- (i) the potential effects of inhaled 

nitric oxide in adults, and (ii) the potential effects of inhaled nitric oxide in newborns 

dependent on right-to-left shunt across the patent ductus arteriosus. 

A. Adults 

Atz and the NIH Manual describe the potential effects of inhaled nitric oxide on a 

first patient population, adults with left ventricular dysfunction due primarily to ischemic 

or hypertensive cardiomyopathy. As explained during the interviews, adult patents are 

clearly distinct from children due to the fact that the etiology and pathophysiology of the 

left ventricular dysfunction present in non-adult patients is markedly different from adult 

patients (systolic vs. diastolic dysfunction). Accordingly, adults are not clinically 

analogous to children, particularly with respect to left ventricular dysfunction. 

In particular, it should be noted that left ventricular dysfunction comes in two 

broad types: diastolic dysfunction (stiff, non-compliant heart that cannot fill properly) or 

systolic dysfunction (soft flabby heart that cannot push blood out). As detailed in the 

accompanying declaration of Dr. Douglas A. Greene, in children, left-sided ventricular 

dysfunction is generally associated with a soft, overly elastic heart that cannot push 

blood out, resulting in impaired emptying ("systolic dysfunction"). Conversely, in adults, 

left-sided ventricular dysfunction is generally ischemic or hypertensive in origin, and is 

associated with a stiff, non-compliant left ventricle that cannot fill properly ("diastolic 

dysfunction"). Because of this important clinical and etiological distinction, one would 

not expect an elevated risk of pulmonary edema or cardiac complications when using 

inhaled nitric oxide in children with impaired left ventricular dysfunction. For this reason, 
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there were no existing concerns about left ventricular dysfunction in children until the 

I NOT 22 study was analyzed. 

B. Neonates with Right-to-Left Shunt 

In addition, Atz is further directed to the potential effects of inhaled nitric oxide 

in a second, distinct patient population- neonates dependent on right-to-left shunting 

of blood through a patent ductus arteriosus. As discussed during the interview of 

January 10, 2011, pre-existing left ventricular dysfunction, as enumerated in the 

claims, does not include neonates dependent on right-to-left shunting of blood 

through a patent ductus arteriosus. In particular, patent ductus arteriosus is a 

congenital disorder in the heart wherein the ductus arteriosus of a neonate (a 

vascular connection between the pulmonary artery and the aortic arch that allows 

most of the blood from the right ventricle to bypass the fetus lungs) fails to close 

naturally after birth (see paragraph 12 of the Declaration of Dr Greene). This 

condition is very specific and rather uncommon; it has essentially no clinical or 

physiologic overlap with any other condition discussed in this patent application. At 

the time of the instant invention, it was widely recognized by those of skill in the art 

that neonates dependent on right-to-left shunting of blood should not be treated with 

inhaled nitric oxide (see paragraph 14 of the Declaration of Dr Greene). In fact, this 

contraindication has been presented in the prescribing information (sometimes 

referred to as the drug "label") for INOMAX® (nitric oxide) for inhalation, since the 

approval of the drug by the FDA in December 1999 (see Section 4 of the INOMAX 

Prescribing Information- Attached hereto as Appendix B). Consequently, patients 

with this specific condition, were, of course, excluded from the INOT22 study that 

resulted in the discovery that is the subject of the presently claimed invention (see 

paragraph 20 of the Declaration of Dr Greene). Moreover, in 2009, based on the 

findings from the INOT22 study, the FDA approved the addition of the following new 

warnings to the INOMAX® prescribing information, independent of the existing 

contraindication for neonates dependent on right-to-left shunting of blood: 
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"Heart Failure: In patients with pre-existing left ventricular dysfunction, 

inhaled nitric oxide may increase pulmonary capillary wedge pressure 

leading to pulmonary edema" and "5.4 Heart Failure: Patients who had 

pre-existing left ventricular dysfunction treated with inhaled nitric oxide, 

even for short durations, experienced serious adverse events (e.g., 

pulmonary edema)." 

One would have to suppose that the FDA would not add new warnings and 

precautions to the label of a drug that essentially restate a known contraindication 

already existing on the approved drug label. Indeed, the new FDA-approved warnings 

for the use of nitric oxide are clinically distinct from the existing, original INOMAX 

contraindication disclosed by Atz, with respect to neonates with right-to-left shunt. 

In contrast to Atz, the NIH Manual and other prior art references cited by the 

Examiner, the claimed invention relates to an important discovery in a third patient 

population--non-adult patients (i.e., children and neonates) with pre-existing left 

ventricular dysfunction who are eligible to receive inhaled nitric oxide treatment (i.e., 

those not dependent on a right-to-left shunting of blood). As discussed during the 

interview of January 10, 2011, adult patents are clearly distinct from children due to the 

fact that the etiology and pathophysiology of the left ventricular dysfunction present in 

non-adult patients markedly different from adult patients. Further, the pre-existing left 

ventricular dysfunction in non-adult patients, as claimed in the present invention, is 

clinically distinct from the pathophysiology within neonates dependent on right-to-left 

shunting of blood through a patent ductus arteriosus. 

Again, to anticipate a claim, a single prior art reference must be enabled and 

teach each and every element of the claimed invention. In this case, the NIH manual 

and Atz (with respect to the adult disclosure within Atz) fail to anticipate the claimed 

invention in that the prior art only discloses a risk associated with the use of inhaled 
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nitric oxide in adults. In contrast, the present claims are limited to neonates and 

children, a patient population that is clinically differentiated from adults. With respect to 

the disclosure in Atz regarding the use of iNO in neonates dependent on right-to-left 

shunting of blood through a patent ductus arteriosus, the claimed invention pertains to a 

separate and distinct clinical condition, independent from neonates dependent on right­

to-left shunting of blood, such clinical condition being pre-existing LVD. Dependent 

claims further define LVD to clinical conditions known to those skilled in the art as 

conditions clinically different from dependency on right-to-left shunting of blood (e.g., 

systolic dysfunction and elevated PCWP). 

Rejection and withdrawal of the anticipation rejections in view of Atz and the NIH 

manual are respectfully requested. 

Rejections Under 35 USC § 1 03(a) 

The Examiner rejected claims 1-19 under 35 USC§ 1 03(a) as being obvious 

over five different references. In addition to Atz and the NIH Manual, the Examiner 

further sites Kinsella et al. (The Lancet 1999, 354 1061-1 065), Bolooki (Clinical 

Application of the Intra-Aortic Balloon Pump 1998, 3rd Ed. pp 252-253) and Loh et al. 

(Circulation 1994, 90, 2780-2785). 

Section 35 USC 1 03 states that "a patent may not be obtained ... if the 

differences between the subject matter sought to be patented and the prior art are such 

that the subject matter as a whole would have been obvious at the time the invention 

was made to a person having ordinary skill in the art to which said subject matter 

pertains.". The foundation for any determination of obviousness is dependent on the 

facts of each case and is subject to the factual inquiries announced by the Supreme 

Court in Graham v. John Deere, 383 U.S.1 (1966): (i) the scope and content of the prior 

art, (ii) differences between the claimed invention and the prior art, (iii) the level of 

ordinary skill in the art, and secondary indicia of nonobviousness. 
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As explained previously, Atz and the NIH manual describe the use and potential 

risks of inhaled nitric oxide therapy in adults, a patient population clinically distinct from 

the patients enumerated in new claims 20-27. Further, Atz describes the well known 

contraindication with regard to the use of inhaled nitric oxide in neonates dependent on 

right-to-left shunting of blood through a patent ductus arteriosus. 

Kinsella discloses a double blind study that evaluated 80 premature infants with 

severe hypoxic respiratory failure. The exclusion criteria was "fatal congenital anomalies 

or congenital heart disease (except atrial and ventricular septal defects) and the study 

noted the rate and severity of intracranial hemorrhage, pulmonary hemorrhage, duration 

of ventilation and chronic lung disease. Kinsella described the potential adverse effects 

of inhaled nitric oxide on platelet adhesion and the attendant risks of intracranial 

hemorrhage. Kinsella concluded that low dose iNO improved oxygenation and 

decreased the need for mechanical ventilation, as well as lowered the frequency of 

chronic lung disease, but did not improve survival in severely hypoxic neonates. 

Kinsella is silent with respect to the use of inhaled nitric oxide in non-adult patents 

having pre-existing left ventricular dysfunction. 

Bolooki describes uses of an intra-aortic balloon pump in adult patients, as well 

as nitroglycerin and calcium channel blockers in the treatment of left ventricular 

dysfunction (pages 252-253). Bolooki is silent respect to the use of inhaled nitric oxide 

in non-adult patients. 

Loh is a study of 19 adult patients with an average age of 52 +/- 3 years suffering 

from ischemic cardiomyopathy (heart failure due to coronary artery disease and 

resultant partial cardiac muscle death) and idiopathic dilated cardiomyopathy, which 

resulted in diastolic left ventricular (LV) failure. The patients also had reactive 

pulmonary artery hypertension (HTN) secondary to LV failure. The patients were 

identified as having heart failure due to LV dysfunction as classified by adult NYHA 
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classifications (class Ill and class IV). The study found that in patients with heart failure 

due to LV dysfunction, inhalation of nitric oxide causes a decrease in the pulmonary 

vascular resistance associated with an increase in LV filling pressure. Unlike the 

claimed invention, Loh does not disclose the use of inhaled nitric oxide in children, a 

patient population clinically distinct from those treated in Loh and fails to suggest or 

anticipated an elevated risk for the use of inhaled nitric oxide in children subject to 

distinct cardiac myopathies than those possessed by the adult patient in the Loh study. 

As described herein, contrary to the prior art references cited by the Examiner, 

the claimed invention relates to an important discovery in non-adult patients with pre­

existing left ventricular dysfunction who are eligible to receive inhaled nitric oxide 

treatment (i.e., those not dependent on a right-to-left shunting of blood). As explained 

during the interviews, and in the accompanying Declaration of Dr. Douglas A. Greene, 

those of ordinary skill in the art, prior to the instant invention, would not have found it 

obvious to withhold inhaled NO treatment from the claimed patient population because 

the etiology and pathophysiology of left ventricular dysfunction present in adult patient 

populations and neonates with right-to-left shunt is markedly different from the non-adult 

patients of the claimed invention. In fact, as described in greater detail below, the 

members of the INOT22 Screening Committee who designed the study and the 

approximately 18 Institutional Review Boards and 2 National Health Authorities who 

reviewed and approved the study prior to its initiation, would have been aware of the 

cited prior art, yet failed to predict that any untoward effects would be caused by the 

administration of inhaled NO within the claimed patient population. 

The INOT22 Study 

The INOT22 study, entitled "Comparison of supplemental oxygen and nitric oxide 

for inhalation plus oxygen in the evaluation of the reactivity of the pulmonary 

vasculature during acute pulmonary vasodilatory testing" was conducted both to assess 

the safety and effectiveness of INOMAX® as a diagnostic agent in patients undergoing 
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assessment of pulmonary hypertension (primary endpoint), and to confirm the 

hypothesis that iNO is selective for the pulmonary vasculature (secondary endpoint). 

Upon final analysis of the INOT22 study results, applicants discovered that 

rapidly decreasing the pulmonary vascular resistance, via the administration of iNO to a 

patient in need of such treatment, may be detrimental to patients with concomitant, pre­

existing left ventricular dysfunction (LVD). 

The INOT22 study was an open, prospective, randomized, multi-center, 

controlled diagnostic trial, with an expected total enrollment of a minimum of 150 

patients, in approximately 18 study sites in the US and Europe over approximately 2 

years. The expected patient population for enrollment into the INOT22 trial were 

subjects between the ages of four (4) weeks and eighteen (18) years undergoing 

diagnostic right heart catheterization scheduled to include pulmonary vasodilation 

testing to assess pulmonary vasoreactivity. The anticipated study population were 

subjects with idiopathic pulmonary arterial hypertension, congenital heart disease with 

pulmonary hypertension and cardiomyopathies. 

The INOT22 study was established and designed by the study sponsor, INO 

Therapeutics LLC (INOT) and a Steering Committee comprising internationally 

recognized experts in the field of pediatric heart and lung disease. 

The original INOT22 protocol contained the following inclusion and exclusion 

criteria: 

Inclusion Criteria 

The patient must meet the following criteria: 

1. Have any one of the three disease categories: 

a. Idiopathic Pulmonary Arterial Hypertension 

i. PAPm >25mmHg at rest, PCWP ~ 15mmHG, and PVRI > 3 u.m2 

or diagnosed clinically with no previous catheterization 
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b. CHD with pulmonary hypertension repaired and unrepaired, 

i. PAPm >25mmHg at rest, and PVRI > 3 u.m2 or diagnosed 

clinically with no previous catheterization 

c. Cardiomyopathy 

i. PAPm >25mmHg at rest, and PVRI > 3 u.m2 or diagnosed 

clinically with no previous catheterization 

2. Schedule to undergo right heart catheterization to assess pulmonary 

vasoreactivity by acute pulmonary vasodilation testing. 

3. Males or females, ages 4 weeks to 18 years, inclusive 

4. Signed IRB/IEC approved informed consent (and assent if applicable). 

Exclusion Criteria 

The patient will be excluded from enrollment if any of the following are true: 

1. Focal pulmonary infiltrates on chest radiograph. 

2. Diagnosed with severe obstructive or restrictive pulmonary disease that is 

significantly contributing to the patient's pulmonary hypertension. 

3. Received treatment with nitric oxide for inhalation within 30 days prior to study 

initiation, are on other investigation medications, nitroglycerein, sodium 

nitroprusside, sildenafil, other PDE-5 inhibitors, or prostacyclin. 

4. Pregnant (urine HCG +). 

The original INOT22 investigational plan and study protocol were further 

reviewed and approved by the Institutional Review Board (IRB) and/or Independent 

Ethics Committee (lEG) at each of the participating study institutions, including review 

by the principal investigator within each study institution. 
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At no time did any member of the Steering Committee, I NOT, nor any member of 

an IRB, IEC, or individual principal investigator, appreciate, recognize or otherwise 

suggest that the exclusion criteria be amended to exclude study subjects (i.e., children) 

with pre-existing left ventricular dysfunction, due to an anticipated or predicted risk of 

adverse events or serious adverse events arising from the use of iNO within these 

patients. 

After initiation and enrollment of the first 24 subject in INOT22, there were 5 

serious adverse events- a rate much higher than expected based on prior clinical 

experience. Each of these 5 SAEs were cardiovascular events, and included 

pulmonary edema, cardiac arrest and hypotension (low blood pressure). 

Thereafter, in February 2005, INOT and the Steering Committee convened to 

review the unexpected SAEs described above, and upon review and discussion, 

expressed concern that the unexpected SAEs may be due to the administration of iNO 

in subjects having pre-existing LVD. Accordingly, based upon a review of the SAE 

cases, the exclusion criteria of the INOT22 protocol was amended to thereafter exclude 

subjects with pre-existing L VD. For the purpose of the study, the exclusion criteria was 

amended to exclude subjects from enrollment if the subjects demonstrated an elevated 

pulmonary capillary wedge pressure (PCWP), defined within the study as subjects 

having a PCWP greater than 20 mmHg. All study sites were notified immediately. The 

exclusion criteria was amended as follows: 

Exclusion Criteria 

The patient will be excluded from enrollment if any of the following are true: 

1. Focal pulmonary infiltrates on chest radiograph. 

2. Diagnosed with severe obstructive or restrictive pulmonary disease that is 

significantly contributing to the patient's pulmonary hypertension. 
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3. Received treatment with nitric oxide for inhalation within 30 days prior to study 

initiation, are on other investigation medications, nitroglycerein, sodium 

nitroprusside, sildenafil, other PDE-5 inhibitors, or prostacyclin. 

4. Pregnant (urine HCG +). 

5. Baseline PCWP > 20 mmHg. 

Upon conclusion of the INOT22 study and completion of the final study report, 

INOT noted that subsequent to excluding patients with pre-existing LVD, the rate of 

serious adverse events (including serious adverse events associated with heart failure) 

was significantly reduced. There were 5 SAEs amongst the first 24 subjects of this type 

prior to the additional exclusion criteria, but only 2 SAEs amongst the last 80 subjects in 

the study after the additional exclusion. Furthermore, there were 2 SAEs amongst the 4 

subjects with evidence of pre-existing LVD, but only 5 SAEs amongst the 120 subjects 

without evidence of L VD. 

Therefore, based on this unexpected finding, on February 25, 2009, INO 

Therapeutics LLC (owner of NDA 20845) submitted a label supplement to the US Food 

and Drug Administration (FDA) seeking to amend the prescribing information for 

INOMAX® to include a warning statement for physicians such that the use of iNO in 

patients with pre-existing L VD could cause serious adverse events, such as pulmonary 

edema. On August 28, 2009, the FDA approved the INOMAX® label supplement to 

include the following new information: 

WARNINGS AND PRECAUTIONS 

Heart Failure: In patients with pre-existing left ventricular dysfunction, 

inhaled nitric oxide may increase pulmonary capillary wedge pressure 

leading to pulmonary edema (5.4). 

5 WARNINGS AND PRECAUTIONS 

Page 20 of 27 

Ex. 2007-0660



USSN: 12/820,866 

5.4 Heart Failure: Patients who had pre-existing left ventricular 

dysfunction treated with inhaled nitric oxide, even for short durations, 

experienced serious adverse events (e.g., pulmonary edema). 

Thereafter, similar warnings were added to the INOMAX label worldwide, such as 

Japan, Europe, Canada and Australia. 

Person of Ordinary Skill in the Art 

As is well known, the determination of obviousness, while a question of law, is 

based on underlying factual inquiries that include the level of ordinary skill in the 

pertinent art. Factors that may be considered are (i) the educational level of the 

inventor, (ii) the type of problems encountered in the art, (iii) prior art solutions to those 

problems; (iv) the rapidity with which innovations are made; (v) the sophistication of the 

technology; and (vi) the education level of active workers in the field. Applicant notes 

that the members of the Steering Committee were retained because they were well 

recognized experts in the field, not because they were considered to have "ordinary 

skill in the art". Thus, although the Steering Committee did not predict or anticipate the 

risk of adverse events or serious adverse events associated with the use of iNO in study 

subjects with pre-existing LVD, this level of anticipation is not representative of those of 

ordinary skill in the art, but rather of those of presumptively extraordinary skill. Thus, it 

is all that much more surprising, and supportive of the non-obviousness of the claims, 

that the Steering Committee, INOT, the various Institutional Review Board (IRB) and/or 

Independent Ethics Committee (IEC) and the individual Principal Investigators, upon 

review of the original INOT22 protocol, and in view of prior art cited by the Examiner, 

did not predict or anticipate the risk of adverse events or serious adverse events 

associated with the use of iNO in non-adult patients with preexisting L VD. 

Accordingly, as evidenced and supported by the findings of the INOT22 study 

which gave rise to the present invention, in view of the prior art, one skilled in the art at 

Page 21 of 27 

Ex. 2007-0661



USSN: 12/820,866 

the time of the invention would not have predicted or anticipated that pediatric patients 

with pre-existing L VD would be at risk of experiencing adverse events or serious 

adverse events arising from treatment with inhaled nitric oxide. Indeed, as described 

above, not only was the invention not obvious to one of ordinary skill, but even those of 

extraordinary skill (i.e., those directly involved in the development and analysis of the 

INOT22 clinical trial) failed to appreciate the unexpected clinical risks and undesirable 

clinical outcomes giving rise to the present invention. Importantly, based on prior 

clinical experience and knowledge of the prior art, these experts predicted the opposite 

outcome- that the use of iNO in children with pre-existing LVD would not raise an 

undesired safety risk. Clearly, if such a risk would have been obvious, one of the many 

skilled medical professionals expert in the field of pediatric cardiology that reviewed the 

original INOT22 protocol would have noted a predicted increased risk in the claimed 

patient population. Put simply, they did not. As further support of the non-obviousness 

of the invention, in view of the prior art, Applicants point out that the senior author of 

Atz, Dr. David Wessel, was a member of the Steering Committee that designed the 

original INOT22 protocol. As an author of the Atz reference and the disclosures therein, 

Dr. Wessel did not predict or anticipate that non-adult patients with pre-existing LVD 

would be at increased risk of experiencing adverse events or serious adverse events 

arising from the treatment with inhaled nitric oxide. 

Therefore, the documented chain of decisions regarding the original development 

and subsequent amendment of the INOT22 protocol provides direct evidence of the 

exact perspective and clinical reasoning of a person skilled in the art (or in this instance, 

those of extraordinary skill) at the time of the invention. The piecing together of multiple 

prior art references, without support for doing so, fails to establish the obviousness of 

the present invention in view of the overwhelming evidence to the contrary presented 

herein. 
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In light of the above, Applicant respectfully submits that the application, as 

amended is in condition for allowance and respectfully requests the same. Examiner 

Arnold is invited to contact Chief Patent Counsel for the patent owner, Jonathan 

Provoost (Reg. No. 44, 292) at 908-238-6392 to discuss any of the amendments or 

remarks set forth above. 

Please apply any additional necessary charges or credits to deposit account 12-

0769, referencing Attorney Docket No. 1001-0002USC1. 

Respectfully submitted, 

/Jonathan N. Provoost, Reg. No. 44,292/ 
Jonathan N. Provoost 
Attorney for Applicant and Assignee 
Associate General Counsel 
lkaria 
6 Route 173 
Clinton, NJ 08809 
Direct phone: (908) 238-6392 
Cell: (908) 391-3440 
Fax (legal dept.): (908) 238-6773 
jonathan.provoost@ikaria.com 
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From: Brown, Dennis (NIH/CC/CCMD) [E] [mailto:DBrown@cc.nih.gov] 
Sent: Wednesday, December 29, 2010 11:27 AM 
To: Jeffrey Smith 
Cc: Allen, Sarah (NIH/CC/CCMD) [E] 
Subject: RE: NIH Policy/ Procedure 

Jeff, 

USSN: 12/820,866 

Sorry for the delay in responding to you. We have a process in place for outside inquiries and I wanted 
to make sure I was in compliance. The answers to your questions are as follows: 

So, just to make sure that I am not way off base in my analysis of this document, can you provide me 
with some direction? 
Specifically: 

(1) Is this document used as a policy and procedure for RT's in the MICU, giving them guidelines in the 
delivery of iNO to adult patients? 

Yes. This is a policy/procedure in place to provide direction to respiratory therapists in the 
implementation of NO in the M!CU to adult patients in the !CU. 

(2) Does the Clinical Center (for which the attached policy pertains) have a neonatal ICU? 

No. The Clinical Center at the National Institutes of Health does not have a neonatal ICU nor do we 
care for neonates. 

Once again I apologize for the delay. Hopefully the information will provide you with the requested 
clarification. 

Dennis T. Brown 

Section Chief, CCTRCS, CCM D, CC 
National Institutes of Health 
Critical Care Medicine Department 
Critical Care Therapy and Respiratory Care Section 
10 Center Drive Bldg. 10 CRC Rm. 4-5551 
Bethesda, Maryland 20892 
Main Office: 301-496-0758 
Desk: 301-435-2348 
Cell: 301-807-0904 
FAX: 301-402-9030 
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From: Jeffrey Smith [mailto:JeffreyS@LeeHayes.com] 
Sent: Tuesday, December 21, 2010 12:49 PM 
To: Brown, Dennis (NIH/CC/CCMD) [E] 
Cc: Allen, Sarah (NIH/CC/CCMD) [E] 
Subject: NIH Policy/ Procedure 
Importance: High 

Hi Dennis: 

USSN: 12/820,866 

Last week I contacted Sarah Allen regarding a question about an NIH policy dealing with iNO (see my 
email to her below). She contacted me this morning and felt like you would be the appropriate contact 
regarding the request below. I have reattached the document in question. 

Thanks for your help. Please let me know if you have any questions. I can be reached at my office, (509-
944-4786) or via email. 

Have a great day. 

Jeff 
Jeffrey R. Smith, Esq. 
Corporate Practice Group 
Life Science Practice Group 
(509) 944.4786 
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Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

DECLARATION OF DOUGLAS A. GREENE. M.D. 
UNDER 37 C.F.R. § 1.132 

I, Douglas A. Greene, do hereby declare the following: 

USSN: 12/820,866 

1. I currently hold the position of Executive Vice President and Head, Research and 

Development at INO Therapeutics LLC ("INO"). A copy of my curriculum vitae is attached as 

Exhibit 1. 

2. I received an undergraduate degree in biology (cum laude) from Princeton 

University in 1966 and a doctoral degree in medicine (M.D.) from Johns Hopkins School of 

Medicine in 1970. 

3. I spent the next thirty years of my medical career (1970-2000) practicing and 

teaching medicine at some of America's foremost academic medical centers, including Johns 

Hopkins, Penn, Pitt, and the University of Michigan. At Michigan, I was a full professor of 

internal medicine, director of the Michigan Diabetes Research and Training Center, and chief of 

the Division of Endocrinology and Metabolism. 
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4. In 2000, I left Michigan to join Merck as Executive Vice President in charge of 

clinical sciences and product development. In this role, I supervised and directly managed all 

clinical research at Merck Research Laboratories, among other duties. 

5. In 2003, I left Merck for Sanofi-Aventis, where I became a Senior Vice President 

and Chief Medical Officer. My duties at Sanofi-Aventis included overseeing all aspects of pre­

clinical and clinical regulatory development of the company's products and overseeing all 

medical aspects of the company's US business. 

6. In 2010, I joined INO, where- as noted above- I am presently Executive Vice 

President and Head of Research and Development. 

7. INO markets pharmaceutical grade nitric oxide (NO) gas under the brand name 

INOmax®. INOmax® is administered to patients using INO's proprietary INOvent® and 

INOmax® DS devices. 

8. INOmax® was approved for sale in the United States by the U.S. Food and Drug 

Administration ("FDA") in 1999 for the treatment of term and near-term (2:: 34 weeks gestational 

age) neonates with hypoxic respiratory failure ("HRF") associated with clinical or 

echocardiographic evidence of pulmonary hypertension, a condition also known as persistent 

pulmonary hypertension in the newborn ("PPHN"). From 2000 to the present, INO has been 

selling INOmax® throughout the United States, Canada and certain other overseas markets. 

9. In addition to the approved indication, physicians employ INOmax® to treat or 

prevent pulmonary hypertension and improve blood oxygen levels in a variety of other clinical 

settings, including in both pepiatric and adult patients suffering from acute respiratory distress 

syndrome ("ARDS"), pediatric and adult patients undergoing cardiac or transplant surgeries, 

pediatric and adult patients for testing to diagnose reversible pulmonary hypertension, and in 

pediatric patients with congenital diaphragmatic hernia. In most, if not all, of these applications, 

INOmax® acts by preventing or treating reversible pulmonary vasoconstriction, and improves 

pulmonary gas exchange. 

Ex. 2007-0669



Applicant : Baldassarre et al 
12/820,866 
22JUN10 

Attorney's Docket No.: 1001-0002USC1 
Serial No. : 
Filed 
Page 3 of 10 

10. The mechanism of action of INOmax® - the selective relaxation of pulmonary 

blood vessels - is particularly relevant to the transition of the newborn from the fetal to the 

neonatal environment. During in utero development, the fetal lungs are not filled with air. 

Accordingly, the fetus obtains oxygen from the mother across the placenta into the systemic 

circulation, whereas the circulation through the lungs is largely shut down because the 

pulmonary vessels are tightly constricted. Instead of the blood being pumped from the right side 

of the heart through the fetal lungs and then returning to the left side of the heart to be pumped to 

the rest of the body, as it is normally after birth, blood from the right side of the fetal heart 

bypasses the fetal lungs through a patent ductus arteriosis, a blood vessel connecting the outflow 

of the right heart directly to the systemic circulation. 

11. In addition to the patent ductus arteriosis, the fetal heart contains a second 

anatomical distinction from the neonatal heart - the foramen ovale - as a means for fetal blood to 

circumvent the nonfunctional fetal lungs while the fetus obtains its oxygen from the placenta. 

The foramen ovate is a "hole" located in the wall that separates the right and left atria of the 

heart. The foramen ovale is usually covered by a flap of tissue known as the septum primum, 

which is located on the inner wall of the left atrium. The septum primum and the foramen ovale 

together act as a one-way valve that permits blood to be shunted from the right atrium, where 

blood pressure is usually high due to the high vascular resistance present in the non-functional 

fetal lungs, into the left atrium for distribution to the body via the left ventricle. As discussed 

below, nonclosure of a patent foramen ovale after birth, as well as other forms of congenital 

heart disease, are often associated with a large persistently patent ductus arteriosis. 

12. After birth, the pressure in the pulmonary circulatory system drops, reducing the 

right atrial pressure below that of the left atrium. This shift in pressure causes the septum 

primum to close off the foramen ovale, and this flap of tissue eventually becomes incorporated 

into the intra-atrial wall. In certain instances, however, the foramen ovale may remain open or 

"patent" after birth. In one such case, elevation of pressure in the pulmonary circulatory system 

(i.e.: pulmonary hypertension due to various causes) can prevent the pressure shift that leads to 

the closure of the foramen ovale. This condition is known as patent foramen ovale, and the use 
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of inhaled nitric oxide to decrease pulmonary hypertension is known to be a successful treatment 

for right-to-left shunting through a patent foramen ovale. 1 

13. At birth, the ductus arteriosis closes and pulmonary vessels relax, thereby 

redirecting the outflow of the right heart to the now oxygenated lungs, with oxygenated blood 

then returning to the left side of the heart to be pumped to the rest of the body from the left 

ventricle. However, in some instances, neonates are born with severe congenital heart disease 

involving the left ventricle, wherein the left side of the heart lacks the ability to pump blood to 

the rest of the body. In these instances, a ductus arteriosis that remains open or "patent" is 

actually beneficial, and in fact is life-saving when combined with pulmonary hypertension, 

because the reverse pressure created by the pulmonary hypertension creates a right-to-left shunt 

through the patent ductus arteriosis, thereby permitting the right ventricle to pump oxygenated 

blood directly to the systemic circulation to maintain organ function; simply put, the patent 

ductus arteriosis permits the right ventricle to subsume the role of nonfunctional left ventricle in 

circulating blood to the body. In these circumstances, stealing blood circulation away from the 

ductus arteriosis would be potentially fatal, and significantly, pulmonary vasoconstriction is also 

absolutely essential for survival in order to divert sufficient blood from the right heart through 

the patent ductus arteriosis to the systemic circulation, thus bypassing the non-functional left side 

of the heart to maintain life. The terminology to describe this situation is "neonates dependent 

upon right-to-left shunting of blood" for survival. 

14. Administration of inhaled nitric oxide (iNO) in the context of such right-to-left 

shunting would be catastrophic, because reducing or eliminating the pulmonary vasoconstriction 

would permit blood to be diverted to the lungs and away from the patent ductus arteriosis.l 

Accordingly, an absolute contraindication for the use of iNO in babies dependent upon right-to-

2 

See Fessler MB et al., Right-to-left shunting through a patent foramen ovale in right 
ventricular infarction: improvement of hypoxemic and hemodynamics with inhaled nitric 
oxide. J. Clin. Anesth. 15: 371-4, 1993, at 371. 

See, e.g., Atz AM, Wessel DL. Inhaled nitric oxide in the neonate with cardiac disease. 
Sem. Perinatol. 21:441-455,1997, at452. 
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left shunting of blood has been contained in the INOmax® prescribing information since the 

original approval of INOmax® by the FDA in December, 1999.3 

15. Pulmonary engorgement also occurs in adults with serious left-sided heart disease 

due to coronary artery disease ("ischemic cardiomyopathy"), hypertensive heart disease 

("hypertensive cardiomyopathy") or obstructive valvular disease or other conditions that 

similarly restrict the inflow of blood to the left side of the heart such that engorgement of the 

pulmonary blood vessels ensues. It is important to note that restriction of left-sided inflow is 

particularly prominent in the above cardiomyopathies, and is described as diastolic dysfunction.4 

Diastolic dysfunction is extremely common in adult heart disease, especially in the elderly, but is 

extremely rare in childhood heart disease, which is generally caused by either congenital 

malformations or viral infections. 5 

16. To summarize, in adults, left-sided ventricular dysfunction is generally ischemic 

or hypertensive in origin, and is associated with a stiff, non-compliant left ventricle that cannot 

3 

4 

5 

See, Exhibit 2, section 4, Prescribing Information, INOMAX. 

See "Diastolic Dysfunction" American Heart Association "Learn and Live" website 
visited April 13, 2011: "The heart contracts and relaxes with each heartbeat. The 
contraction part of this cycle is called systole (SIS'-to-le). The relaxation portion is called 
diastole (di-AS'-to-le). In some people with heart failure, the contraction function is 
normal but there's impaired relaxation of the heart. This affects the heart's lower, 
pumping chambers (the ventricles) specifically. If the relaxation part of the cycle is 
abnormal, it's called diastolic (di"as-TOL'-ik) dysfunction. Because the ventricle doesn't 
relax normally, the pressure in it increases and exceeds what's normal as blood for the 
next heartbeat. (It's harder for all of the blood to go into the ventricle.) This can cause 
increased pressure and fluid in the blood vessels of the lungs. (This is called pulmonary 
congestion.) It can also cause increased pressure and fluid in the blood vessels coming 
back to the heart. (This is called systemic congestion.) People with certain types of 
cardiomyopathy (kar"-de-o-my-OP'-ah-the) may also have diastolic dysfunction." 

Diastolic dysfunction in children has been described in rare genetic diseases such as 
Marfan's syndrome [that directly affects the elasticity of connective tissue of the heart 
and elsewhere], Kawasaki's disease [that creates cardiac ischemia similar to that in adult 
ischemic cardiomyopathy] or sickle cell disease [that produces fibrotic scars in the 
myocardium]. 
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fill properly ("diastolic dysfunction"). In contrast, in children, left-sided ventricular dysfunction 

is generally not of ischemic or hypertensive in origin and is not associated with impaired filling, 

but rather is associated with a soft, overly elastic heart that cannot push blood out, resulting in 

impaired emptying ("systolic dysfunction"). Thus, adult left ventricular diastolic dysfunction, 

but not childhood left ventricular systolic dysfunction, would lead to pulmonary vascular 

engorgement, requiring caution in the use ofiNO. 

17. Since the approval of iNO in December 1999, INO has from time-to-time 

sponsored, supported or otherwise facilitated - under its own FDA Investigational New Drug 

(IND) application or IND applications filed by other investigators - clinical research exploring 

the efficacy and safety of iNO in clinical contexts outside the approved indication for PPHN. 

The results of these investigations are submitted to the FDA and are often published in the 

medical literature. In May 2004, following detailed consultations with an expert steering 

committee composed of leading world authorities in pediatric heart and lung disease, 6 INO 

initiated a multinational randomized controlled 150-patient study entitled "Comparison of 

Supplemental Oxygen and Nitric Oxide for Inhalation Plus Oxygen in the Evaluation of the 

Reactivity of the Pulmonary Vasculature During Acute Pulmonary Vasodilator Testing" 

("INOT22"). Prior to its initiation, the INOT22 study was reviewed and approved by the 

Institutional Review Board (IRB) and/or Independent Ethics Committee (IEC) at each of the 18 

participating study institutions, and by two independent National Health Authorities (the U.S. 

FDA and the European Medicines Agency (EMEA)). At no time did any of the members of 

these boards, committees or agencies counsel against giving inhaled nitric oxide to the proposed 

patient population because of the risk of severe adverse events in pediatric patients (i.e., 

children) with left ventricular dysfunction. 

18. INOT22 was designed and purposed to compare the diagnostic utility of short-

term (10 minute) inhalation of iNO alone, iNO plus oxygen ("02") or 0 2 alone to children 

between the ages of 4 weeks and eighteen years with either idiopathic pulmonary arterial 

6 The steering committee included Dr. David Wessel of the Department of Cardiology, 
Children's Hospital and the Department of Pediatrics, Harvard Medical School. 
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hypertension, congenital heart disease with pulmonary arterial hypertension, or childhood forms 

of cardiomyopathy undergoing diagnostic right heart catheterization and acute pulmonary 

vasodilatation testing to assess pulmonary vasoreactivity. The rationale for INOT22 were: (1) 

that in patients with right ventricular failure and lung disorders, the prognosis and course of 

treatment are determined by acute pulmonary vasodilatation testing (APVT); (2) a reduction in 

the mean pulmonary artery pressure and pulmonary vascular resistance with acute vasodilator 

treatment may be used to predict therapeutic efficacy of long-term vasodilator medication; and 

(3) APVT is also used to evaluate patients being considered for heart or heart/lung 

transplantation; elevated pulmonary artery pressures and pulmonary vascular resistance place a 

strain on the right ventricle leading to an increased risk of perioperative morbidity and mortality 

due to right heart failure post heart transplant. Accordingly, the primary objective of INOT22 

was to compare the number of patients who exhibited reversible pulmonary hypertension 

(vasoreactivity) in response to iNO or iNO plus and oxygen as compared to 100% oxygen alone. 

19. Under the direction of the expert steering committee, inclusion and exclusion 

criteria were established that were intended to ensure the safe use of iNO during the conduct of 

the study. For example, patients dependent on right-to-left shunting and thereby contraindicated 

for iNO treatment were not included. Patients also were excluded if they had focal pulmonary 

infiltrates on chest radiograph, a diagnosis of severe obstructive or restrictive pulmonary disease 

that significantly contributed to the patient's pulmonary hypertension, had received treatment 

with iNO within 30 days prior to study initiation or were on other investigational medications, 

nitroglycerin, sodium nitroprusside, sildenafil, other PDE-5 inhibitors, or prostacyclin, or were 

pregnant. 

20. However, smce the inclusion criteria included congenital heart disease or 

cardiomyopathy, many of the patients had, by design, significant childhood heart disease. This 

was not considered to pose a significant risk by the experts on the steering committee (1) based 

on the exclusion of right-to-left shunt-dependent patients, (2) based on prior extensive safe 

experience with iNO in pediatric patients with congenital heart disease or cardiomyopathy by the 
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investigators and published in the medical literature/ and (3) the very different nature of non­

ischemic non-hypertensive childhood heart disease from the ischemic or hypertensive adult form 

marked by diastolic dysfunction. 

21. Surprisingly and unexpectedly, severe adverse events including pulmonary edema 

and death were noted during the early phase of the study, and the study was stopped. Analysis of 

the cases revealed that the patients suffering severe adverse events had severe left ventricular 

dysfunction, largely due to viral cardiomyopathy, and exhibited during their right-sided cardiac 

catheterizations an increased pulmonary capillary wedge pressure ("PCWP") of greater than 20 

mm Hg, indicative of elevated pressures in the upper chamber of the left side of the heart (the 

left atrium). 

22. To determine if there was a correlation between the severe adverse events and the 

left ventricular dysfunction of the patients that had suffered them, a protocol amendment was 

submitted to FDA to exclude - on an ongoing basis - patients with severe left ventricular 

dysfunction with a PCWP greater than 20 mm Hg from further enrollment in the study. The 

study was then completed. On analyzing the data from the study, the inventors concluded that a 

correlation did, in fact, exist between the severe adverse events that had occurred during the 

study and the left ventricular dysfunction of the patients that had suffered them. Accordingly, 

INO subsequently requested that the FDA add an additional warning to the product labeling for 

INOmax concerning use of the drug within patients with left ventricular dysfunction. The FDA 

agreed and included an additional warning in section 5.4 and the Warnings and Precautions 

section ofthe INOmax prescribing information (in the US and worldwide).8 

23. Competent practitioners would understand that the warnings included in section 

5.4 and the Warnings and Precautions section of the INOmax prescribing information are 

intended as a separate warning generally applicable to all patients with left ventricular 

dysfunction and not limited to those patients having left ventricular dysfunction that also rely on 

7 

8 

See Atz AM et al. Combined effects of nitric oxide and oxygen during acute pulmonary 
vasodilator testing. J. Amer. Coli. Cardio. 33:813-819, 1999, at 814,818. 

See EXHIBIT 2. 
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right to left shunting of blood. This second category of patients is the subject of a separate 

section of the US Package Insert which expressly provides that INOmax is contraindicated for 

patients with this condition. The fact that administration of INOmax would be harmful to 

patients dependent on right to left shunting of blood has been well known for many years as 

demonstrated by several of the references that are of record in the present case including [e.g., 

Atz AM, Wessel DL. Inhaled nitric oxide in the neonate with cardiac disease. Sem. Perinatol. 

21:441-455, 1997]. 

24. Furthermore, no competent practitioner would understand the separate warnings 

in section 5.4 and the Warnings and Precautions section of the INOmax prescribing information, 

or the disclosure in the present application of the potential for severe adverse events in patients 

with left ventricular dysfunction as referring to patients dependent on right to left shunting of 

blood, since it has long been known that the use of INOmax is contraindicated in such patients. 

Rather, the competent practitioner would understand the additional warnings added at section 5.4 

and within the Warnings and Precautions section of the INOmax prescribing information, and the 

disclosure in the present application of the potential for severe adverse events in patients with 

left ventricular dysfunction, as a distinct and separate warning and disclosure that administration 

of INOmax to patients with left ventricular dysfunction generally (even those not dependent on 

right to left shunting of blood) may result in serious adverse events. 
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25. l hereby declare that all statements made herein of my o\vn knowledge are true 

and that all statemt.~nts made on inli.xmahon and belief are believed to be true~ and further that 

thest.~ statements \.Vere made \vith the kno•vledge that \ViJiful hllse staten1ents and tht.~ lih~ so 

rnade are punishable by fine or imprisonment;. or both, under Section 1001 of 'fitle 18 of the 

United States Code, and that such ,, .. illful false statements may jeopardize the validity of the '359 
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o:-:1\.wn;:~uon ;3nd ir:c:rt!asin;J putmonar:,t art,3rv pr:s.:>sur~ ~S.1}. 
r:t:t~n:e:~~OiJiotJinanlia: M t:U:f~mCh}~::m:r: i~Gn:-ast:s · .. '!iim trte co;;e uf 
r:~tr:s ux:~j.;;; toH::·~'iing di:3ct.·~t~~~;.~atJon ~)r i·t:d·uct~on of :~::trlc o:.:Jde. 
mt:H:en1:.1glmm: ~-~v:_~i& rf:h~m tt! ba:3~:~i;;:3 ov~:.: a pet!od o~ lv.J:wr~ {52}. 

BevB:::·u ~{02 Lt:v;~I::: Nt\: ~~-...l~Hs stwuld be monHo;ed {5.3). 

:::":. ~:~~~t:::tt· ~-..~:~h ·:?r~~~-~~-:~t;:~::~ ::~tj: :.··~=~'!~r:t::~~~=:=· cv.:~f~~=·:.c:~t~n. 

.:):~i(~:~. ::::~::i ::·:~:·=:?:~~~::~ w:::::·:<=r~:~{~: ;(;:~:~i~:~f'>' '}">~='~~~:~.- ::::-~:-s:~~~rt: 

······--····················---------Jm\IEH$!::: ilEACTWNS--
MrtiH:rnoglollint::"ilia r:r,t! E:IE:vatod N02 1-e'iiils art; dm<e dependeni 
;3_dvef~e <.wmlt~i. \·Vor~~~ninu or:y{lenaiion anti ~m:rBtm\ng ~>vlrnormt)' 
mtery pres~ure occur il INOma~ i<; (li~c\mtlnl:e<j abn;pl!v. OthE!r adverse 
reactions Hmt or:.cwr"fed in mow man 5% ol patient< r1:c~ivi::g !NOma:< in 
illll Clt<Fl.GI study Wert:: UlromtwcytopE:nia, hy!mka!emia. bllin:tlmemi3, 
ahllt:ctasis, 3!16 !lyf:Ohmsi(lfl i6). 

To WPiltt SUSPECTl:.O AOVEHSF. REACTIONS, contact !NO 
T1mmpeutics at Hl77~m>tHl<lf>fl anl! tmn:JJ»'.,~s~dtlQlll1lX&!lmL or 
fDA at 1 ·l>fJO-f-OA-1 lUlU Ot \W!WJ~l.<J: . .Ilfl'\'Lm!i(J.~~iit!<h. 

"'""''"'''""""··--······--DilUf> lNTEf!Al~'OONS·····--···············--··----··--·~ 
Nitric i.l>ill~ dtHiut <l\lll!ll.s: Ni::ic C>>:id<: ,~:):~c)r Cc·mpounds. stdl ;,s 
pdk··~·cwr:e, S:J:dbw nitro:~r:J:!~:idi:. -:md nlt:utlf)'ceri:~ .. ~.;:her: at3ml~r:.:ste:·ed 

~~$ ot~L p~i:·t:::ih:::·::~i: or to~Jlc;~~ fm:::ubtio:-:s, nmy mive :3~j a~.:i'dH:ve ettect 
v..:~H11NGrr;lJx ~.;.:~ tt\t: :·isk ~:i dh~H?-io~:~::g met:-..en-:GUit:C\n.:3m~~i ~!). 

Hl. 
11. 
12. 

13. 

1<1. 

tlVEBDOSAGE 
f.JESCRWTlON 
1::UNICi\l fl}V\!'11\:l.•\COtHG'f 

~ ~· .~~ :~h:1HH<~CI~:!:;lEW~iC;: 
~ :t .::.{ t>h3tn11!t:::;,.~;H:e~:~:s. 

·t:::A P'l:;:::m1;.~i.O$\im:tic~;: U~JtE~k1 ~:nd D::;:r:tw~:;:m 

12.5 t:nc~wl:::c~:k:m~:tc:;. M~;tttb:Ji:s.n~ 

~ ·:~ !) Fh;3nn;:t-:oh:n::lk:s: :.:~;~~;~:~~m{ln 
NONCUUIGAL lOXICOLO(;Y 
i J l Carcintt~JGlltis~:; .. Mt:t~:ri•:m::~is. lrnp:Jjr!:~imt o;- rerWli\( 
CU~IICAL STUfJIES 
1 /~ l 1ie;;mrH:n~ o; Hvpnxic R::smf::!Oiy hti!Uff: o-m::j 
:4.2 1m:H1xtwe !fl ;\dun Hr.:::;pir"3tOr~· Dlstro~:s Synd;mm~ {AHOS} 

·10. HOW SUPI'UEO/STOBAG.E ANiJ BAHOUNG 
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fiJLl f'!lESCRIU!fiG !N.f!lRMhi!Q~ 

UHl!CJ'\JIONS .I!JW USI\ttt: 
1,1 Tt~;;~lment uf Hy;w:<l!! R:m.;pir<;l!)l"f f'lllhm: 
tNOm.:l:{~;. i;s t: ~:B::odih3:1lli~ •,\~hid:. in Cl)ni:mct~0:; ~~lim iii!nt: ::~h:fr;i E~~~P:i)G!1 
<~r~c t:the-:- app-r:::·priate ag::r:ts., !s imHeated fnr m-t: keair~"=m>1 .£~f tHr:~~ 

ar~-:1 :u:.:3r-tt~rm {>34 i};esks} n!:nt:aiHS w:ti~ ::ypo>~lc :;~:!pir<~k:ry :'E:U:,):·B 
as:3uch:H:t: wit!i cHnicaf or ectlUC.3Jd!cyr3phic ev:t!(!:lC<3 t:i pulmonary 
t':;.tpm!im~~i.On~ Wh.era it tmprOV!!S O>:)fijt:naUon an1j i"t:d:__:c::s HW nes~·j t~Jf 
EoxiJ~'t!:mpomal mmntlmne oxyue,nauon. 
Utili;:;: add.<tiunai 1h~ra!lit:s to ma&imize ox'men (leliverv In [}lltients ·,'lith 
t.o~~:.psHd al'Jnuli. <tddition:ll therapir:~ rnig;~t ir:~:luC~3 ~urfactB.ni i!fld h~gh~ 
fzi:que-r.!~Y osciliamry ver:tif~:t!on_ 
The ~:afety and ~Hectfvt;nt!S~-: ot jnm~:erj ruttic oxide fmv~ i)tWn m~tctb~15hed 
w a i>CPBlMton r€':e~:htiHtl mnt:r 1B~:r-~lf}!es. to:· t;~~pox:c ;t~sp:~-ah~ry fam.:r~. 
tn:.:~J:.:tH:r:~ ;:;>;:::xJil:,~tfKS .. 1nL;av·mwus fh.!W~~ i)k:~·:rbt:ft~.'i~i:" tht!fctPt .:::nd 
rm~cha::k:Bi ~·i;:m!at~")D. D!fft:H:frt \1n::t: -:·eglmm-l~~ tcr :m:k m~:-d~ '!''ef~ 

us :3?3 ;n U',(: d1a:~n st.,__:.Cie.s [s~J CHr::t:-:aJ StUi1r'{~H (f ;;.?.!. 
M~:):-:iki: fm r~D2 . :m.:t::emo.~km:n, an!} i::spln~d NQ1 ~~uri::~ ~NOm~~:-: 

<tdrri:nt~ratton. 

1 DOS.ii££ J!JJO AIJJ\mJlSTHATWtJ 
2.·1 Dosage 

I§rr::jm~Lflt?r.-t:t~~m r:ec-~;afes ~-..:H~1.JlYRQ::;.lLE;A~~~~~~tY.J~jJ;tft 

"iht! :m::c~mm•3'ndN.1 duse t:f INOfnz::" is 2D ;}pHi. lh:::.Y~r:eni ~;:::culd t:~ 

rrmid~ll:::td 1m :o 14 d~ys or l!n~it the unde;i~:fng 0~-':-'qt:f': rJG~::.:tt>...:r<-:.t:cn f1<1S 
W&Gi¥<x1 an(! ttle neormw IS nca·:ly to be wB<m~c !rom INOm<>t them>h 

A! I :ni!ia! ;irlSS oi 20 ppm >'<'ll.S used in il!:i NINQS ami ClfJBGi ili<:ls. in 
C~NriGI; pdtients whose o>~~~ger:ation impnlvt:O witit ~o mun v~-t!re do;3::· 
ft:ctuectJ to 5 P:i!il! as to~eratllii at H:r. end o~ 4 hours of !re:Hm!~i:t.t:; the 
NiNO~ tdaf. pr~Uents \.{;':;css uxygmmtkm f;:;{t!rJ W lmpnwe (rf1 20 ppm 
t.owa t:e tntfH{~SHr] t\) ?5-D ppm, b:n H;m:e pau~~ts dli:· n~H m::n :mrrn;.:B 
t:n ttw !":ig;wi £k:·se. As t~"'<e risk of ·meu~em~'~;{t~bineml~: and ~?i~:vsti:-d 
l2~~ls in::~!~·:ci~.e:~ signift~2a1?.y \:~~~t:a INQm(~:.; :~:. 1~:~m:ni:31i::mj at r3nse-:~ 

::>2G pptn~ dt:ses ~~oo·l~ !!J!s hr~·t~; orCina:Hy shnnio ftnt ~-;B- u::,£:tt. 

Th~ t~ltiie oxid~ Cm~ve;y :l:fS!E::~:s. t:!;~:(~ ~n m~: ::~:t:k;.;~! t:t:~ls: p:-~;-:;.·idect 

~:~:::r~~~~i ~~~~~~~~~~;~~~t.:~~~i~~~,;{~~,~~~i;~~;~~ei;;~, ',;~;:;;,':::~;,~~,~~;;;: 
;;-.;o:-:-:_:n· must Oa 0€i!V€Xed t~-~ougtt a system \~!iH: ;iwse d:ar::ctt7rfslks 

~:;~ii~~~·~:;~ ~~~;,;~~' ~~~~:./!!::~~;~~;~': ~::s:~::~:;::~~:~::!i~:~,~~~:,;:;~~:;;~:~ 
·h'{_~:·~i_ tr~t:t~ :n the tJinicaf u;als 1hB V:t:i :Wi3~~~·1 m! UN<te-. prccts€ 
monitorinq of im:;!}t!t:d n:tnc CAide <md NO:.? snm:W t:D mstib..:tBrt Ht:~ng 
:: prupGrlv ca<iorat(;'d ana!vsis clevire wi!ll a:<:mw Tm: sy:.ii;m :sliOllltl be 
~:HiitH<lWt1 u~ang a precls;;~y ttt:tlnmi C?jlit~r.aun:·1 ml:<tun.:~ [:f nHr~c oxtds 
i~nd niirogen d~Jxitie:. such as !NOcaf~:_ Sample 9as ;~or anajy~.:·3 ~)::mtld 
ta:: \jm\Vh bBfv:-e the y .. piece. pro} !mat to fh:: patimJL (h:y~1m1 ~~\'f:lS 

shot~!d also be measured. 
in th~ ~3¥"t:11t of a system faHtKe nr a ~~<fd!··O!;U::;t pnwe:- f(:ilwe. a {;~kwp 
b~~Br)' p;<Jwbr supp!)t anD rr:s:enm r:it:~G t::-:i:j::;: <i•~HvHy S~··~tt:m ~:ht:m!d 
bt: :Wt:iL~t;.:~. 
0(~ ::-ct c:s;::,c~:rtir.m: H·~Omax ahn3~}Hy, a-s it n~ct~' ;t:·~~in in .ar~ ~f~(.:·~:ast: ·;~i 

~~~~~~~,,~,;t:,;~~~;;i~~~:~:~:~,:e~:j:;~~~~~ ;!~~~:~~.';;\:2~,;~;~',;~,;~:~~~~~~;;::; 
in ::.hildn~r~· ~~·~u1 no appa:-er:t rt:~~p::rnse tt) ;~~Grr:..::.~-. 01sc~~nH:~:.i~:./~".:·B.:n 

cauticu::I;:. 

3 
Niin;:: o:d1j" i~; a \JiiS a:tailat>le in :GO p;::m a:;lj t.DO ppm (.o;:cm;tr<:!i(>r.s. 

il comRAmmcAm.ms 
;NGmj~}h- iH2i{tf~:k:CH::.::: t:~:;~~: :h:: t:~? 
:.~•3Ft:td~~~~: ~r~ :=-~;:_:~~,_;_£::--+~{~ -~::n~~:zt:::-;\.l· n~ 

5 WARNlfiGS AND PflECiUJlltms 
5.1 Rehomul 
Nm;p1 oi:;continuat:or. d INOmax may li:<~d Ei wor::eniiHJ oxygE\natbn 
amj ~:1crea:;~ng r.:wr::ut:({ry arter-:; PfBHs~r~~. 

5..2 MeHmmosloll!namia 
r:.·~~t!-~:~H'fK,giDt?merr:i:3 ~nc.re.sscs \~::~h the tivse G~ r~it:·K: n:<id~ :n 
c.HrHt;.~! tr:3l2:, m:3:<imvm m:_:t~:emog;::;Dl:: 1!3\!{!~:; u~:.E}~~Y ·:.·~.:t:-:-t: n::::::(l:::d 

appro>:tma~dy S ~~o:.:rs aHr.r t:-~:tl3~~:::; of lni:ak~.t:cr:, ~dthcugh 
ma~l1en;ni+it:tli:~ ~e"Je!~i tm~1{?. ;Je.:J~~~~c! as ·:stz as 4£} l~0:..::s ~Bibwin§ 

~t!:a!i~d ~{}11h iNOin:a~< SUp~~: hBrl rneU:en~GUittbin le:\:&ts ~xceetiit:t_: 7~;~ 
ronm: ... ~ir:g d!~;cm~Hnu-a!bn \):' !"{3f3HGi~m {)t niui::· ox!d~:. th:e n:-mr:~:f~K~glob~n 
~e\~r::s ret...:rn~d to ~35t:l~e o:.w-r ~: p~rlod of· f:,.J!.HS. 

5.3 Elevated f:IU2 levels 
!n t!ne studl_,:~ NO~ leveis were <~J :} pprn 'Nh~n r.a<rnaia~~ v~ert! ·!n:-.atOO 
::viii' pfo;(:ello. 5 pprn, awl 20 ppm nit~ic o~kle over tl:f: tirs1 4S twurs. n~c 
80 pp;n group i1ac a m~'«fl peal·: NG, level of Z.U ppm. 

5.4 He5n·t f1lllilt& 
:Y~-(;:~::t:\:,-',l~ l~!:!t->.:e:R:·i{:(!tt~- df~1:~nct~~~: tr~atB-ct ".:\•Hh 

tr:h~j~:.~~ .:.;~i~I:::~ f~~f .stnr:t: ctu:-;:itk:~m. ~:.x~~~tl-:y~(.-t:'d:: ~:~:i'):.:s 

Btcause cH::~ictti ttl=,l~~ ar..: ~~:Jnduct~~: u:Et.:0!" -;.··~·idti;t "'.i~r~:hg ~wvJit:orr:;. 
a~l_:-£:r:~~~ rB~ct:t::1 mt~:.r~ -c:~;:: .. sr\··~0 :n H1~~ ~~H=-!k:.:~! 1ri;JJ:s of a dn;g ~:{innut 
t:e c:~·ecU~{ cur.n~~~<.:"t:d 1~~ r;1-te:-: ~n 'ti~B cli::k:a~ tr~a;s Di ar:mhe~ drug {:f!t~ 
m:::y not n:.H::ct t~:c t:!t;?:: eh:~~:fV~!C} i:~ p:~~ct~:t:. Ti:-l:· a~3vt:r~t~ n~H!:~~i~H 
:r:k:rn::~~im: :·r~;m tfle c;ir:~(::3J ~::3!itt~8 do8~. :E:·~¥ev~r, ~rut..•kt:: ;} h:!s~s to:­
:cent~fyi::g the i3~J;.:~::·~;e evm~ts- thot appe;3:- tc h:: f:~:ated tc {~rvg u~;e {:nt: 
to:- <~ppro>;!m:nfn~J ra!r:::: .. 
!>. i J:;-!inicat Trials C..~pafillnca 
C~::t:·oHed ~~tmHe.s hn:.•~: fncb:~:;d :~~~::~ ~~m:~~nts en lNOma); Dn:;t~~ .ui ~} to 
ao ppm amj 251 p:BlHf:t~t o:: plm:t:bo Tott~l rncrtaiil)' if: the pcGid! !ri:~fs 
~·.ta~: 1 ·: ~::; m: p!ac;ebt) and ~~% m~ iNOmw<, a r~:sult nctequ:jte tn e:-;c!uctt: 
iNti'nax mc;'taii;y !wing mere \i1;Jn 40% wa:!;f: tha;; p!;~cet>o. 

in !JC~U; t:-te NINCJS Wl(i CiNBGl <:tudi!l!l. ihe dumJi(:,l ot i1ospiiaiizailon "''<iS 
s~m:lcu· in INO:m:x and pft:t:eDo-tnJt:!ed nroup:::. 
Frmr· ;:;If cvr:t:oile:j st;..teies: ~:t {t1r:st 5 u:unths of fu~:m>;Tup {s a\•aHabin 
for 276 prrtte:~ts who ~:~:cr::~·Bd iNOnw_:...: antj 212 p&t!en~:3 whD E:tt:-~:.tml 
:::iaceb0. l:.munfJ the'3H O'r!;=~~nt~:, t::5n~ w'~s ::u ::~i~de~;;.:e {if an ad~(ers!: 
etfsct of tr<:a~mem o:f tfii: m~~;d 1cr :eh:I~:p:ta~l~:a~J:m. snt:(::ai n~~!dicH! 
X::"\''k~e~~: pdrnm~mv ~ii~.:::::~~~;s: {1r r:em-:v\.~::~]it~f ~~t:q:Jeia:~. 

tn :h; NfNCS s:t~(~y; ~H~~<~mt:n~ ~~fuups v-:'ff'fi :::.:mt:ar ,~-!~h .:es~~?t to ~n~ 
fncldem:e Hn!3 ~ev!:£Hy c~f j?~h~3crar;~:: hG:n-:mrh3g.:J~ G:·~~:Je lV ~~~::Y:t:r:na.~~t:, 
!~t::-t~~;nti}:::IIar Jm.il-~(lfflaiac:<l, ct:ft;-t.·r~l infz~rct:un, s::t::utes :-e-qt.: :~-:=:~~1 
~nt~Gm:vt;ls:!:::t the:·ap~:. ~?;;mon~:ry ~1emo:rl{!~i~~' ~~~ g:a"Si::JinH-=~~i:·:;:d 

:·:emDrrhage. 
The- taC~e befo~~i sliD~vs ctG:..;ef:-;t~ nmctions th;ii ·oecurt0!f ::: m l:;~:st S'}~ 
of patient~: rt:(.~~vin~i i~jOrml:< ~n ~ht: CINRGI sE:Dy :.;:it!1 :;va~t :·ates >0'1{. 
and prt!alm t::BD placBtto t:ve:~i rotes. None oi the diifnn;nces :n th&si3 
3ti'.Jt(se read ions v1-3rr: ~;t&tl·S~kaU~~ :;t9n:t:ctm! '}~:.~hen !nha~~{j nitric o;..:j{]i: 
pati~nts '-'~·e:re· cornp~~r~:(} to p;~ti·jBt! wt:eh::ng p:acebo 

Table 1: 
Ad~ce,.~e flem:llnm; ln Ule G!NR!il Study 

r--~----

S.:! Pusf-M:lrkBli ''9 tltpnriem:e 
The fotlo\< . .:ing a6vm:if~ n:actiGns t~~tV0 i:\iHn identified (1ur~ng ptl:Sl­
approvai :JSB of INOmax. fl::<:aus;; these reactio:>SarB reported >'chm!mily 
tmm a pupula!ion of ~ncmt;;i;; <:iz~:. it is not ::k:a)'S possible tc e::i!rnat& 
H~:::~r tr~qua;;\~Y reliably ur to e:::iatHis:} a c~msai re~atjgnship w dru9 
~:<po~)Urr:. Hl~: !i~lting is <ilpbGbBikal: iK::S0 t~r:u;;s ;:ssc;ciated ~~·iii1 th~ 
~ieti;:ery ~}·swm. :lt:adat:$t:S n~~;ocl{-~Wc~ wilh en~ro:-:.:1~Bmai exRt.~t:rt: ot 
~NOr:~s::: if~ hospH~!! stan·: twpott;nsk~n <iss~:t~~ate!3 >Vith acl3:~ w1t;;cr~:w<~i 
>::i ~11~ dn;g: ::ym:xe-:;~ :a a.:)SOCb~ed v~·:th ~::::..:18 \~·~ti:~i:_c:woJ cJ t!!:e t"i~UtL 
ou::r:cnm~; !!:£~~m<~ !r: PI}i~:.:flts '.f:'/~U~ CEEST s;·n:j;~Jt:w, "" 
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7 DRUG INTERACTIONS 
No formal aruc-!nlerar.:ion studies have oem1 pe:1armet! .. ancl " 
clinica!Jy s:gnifi~ant interaction wiL1 otller .medications use•j in HH< 
treatment of hypoxic wspiralor>' ia11um cannot be exciudm! tms<liJ 
on the available dn!~. lNOmax has been administered with tolawline, 
t!opamine., dobutamine, swro1tls, surfactant, and tl!gtl-lrequt:nc:y 
ventliation. Althountl them am nu studv data to evaluate the po5sillilily, 
mtric o:<ide dono~ compounds. lnclurJ:ng sodium niiroprus::ide amJ 
n~trontvcerin, m~!V r~ave an tWdWve ej1ec! wiHl !HOmaK on tm: risk of 
deveio.p!ng methemcgfubinemia. ;\n assodmion m:tl,\'een pri!n:.:a:ne 
.:::r:d an ir.c:-e.ased r~s:~ o1 m:::m~:rnog:~Jb!::emia. paf!k:u!ar:y k: !::f~mts .. 
i"J.~s spt:c:t!c~Uy been t:t:scrim:cf ~n a meratt:re cas0 mpmt Th:s ris.i-; 
l:; pre::::ent \:';:hether Wt~ drug:; are c:dmir.isten:o as cr.aL p.amnte:J:. m 
topical lormu~<tio~s. 

a USE m SPECIFIC POPULATIONS 
a. 1 Pregnancy 
Pregmwr.y CoWgory C 

l<nfmul reprO!Juclion :;!l!clies tlave not been conducted witt! INOma:< 
I! is not known it INOmax can cause Mal twm when admlr!istamd to 
a pregnant woma~ or c~n ;;f!ncl mproouctl•;e capacity. INOmax is nat 
imer:tled tor adulis. 

8.2 Labor and DeHvcry 
rhe t:ffect nt ~NOma);~:~ ~ai.Jor a:~{j d~Hvefy in !":umar~s ~s unknm'.:n. 

8,3 Nursing Mothers 
Nitric oxide is not !notated for use i:: the aduit pupuialio::. i;;ci~!iln~ 
nursing mothers. It is r:oi ~ne>wn whether niiric o>:!de lo exl:r5Wd in 
human milk. 

8.4 Pediatric Use 
Nitric oxide ior inhalation has been studied in a neonatal pnpulatinn (up 
to "14 days of age). No in!mma1iDn about ils effecti\•mwss in oliiGr il!Jl' 
populations is availaole. 

8.5 Geriatric Use: 
~li!ri:: oxidels not mdicalCE:i for use in l!le adult population. 

10 01/ERD!JSAGE. 
o~(erctcs~3g~ v~ith !NOmaY. ~ ... ;W b'3 ma~i.i~st o~~ elevations ln msmemogiubln 
a.nc pu~mona:y toxfcmes assoc;ated :.-v~tfl inspked NO~:- Elev(~!tW NO::­
rnay c:;use aww iling Injury. EJe;·ations in methemO<Jie>binemia r<:du~e 
the oxygen deii'lery capacity of 1t'6 circulation. In clinical :iiud1es. N02 
leve Is >3 ppm or methemoglobin levels > 7% were treated ily r~il uc:i 119 
the dose ot, or diSContinUing, INOmax. 

MeHwmog!obinemia tl1at 1lous not resolve afwr reduc!ion or 
disconiinuation oi iller:lp}' can im !maWd with inlravenOLtS vitamin 
C, fntrav!ll1ous rnethylm11r bflm. or blood :mnsfusion, based upon ti1e 
clinical silual!or::. 
11 DESCRtPTION 
INOmax (nil1ic o-.ide ~ta~} is a c!ru(l mJminisiered by inl<a.iation. l·;ilric 
a:<ice, :tle ac1ive s;;!i~<tance in lNOmax, is :: p<t!monary \'a%-:!ii;J.to;. 
!NOmax is a ~:ase~ns bl::m! of narf.~: oxlde n.n(! nitrogen {0.Gt1%: and 
99.92%. r!l3pe!:tivsl)' fm SOD ppm: 0.01% ::r:d 99.99%. respect:vel)' for 
100 ~Jpm). IN Om a:< is supplied i.n aium1num c;,Hnders as a compressacl 
gas under high pressun: (~>ooo poundo per square inch gaug;,; fpsi(lj). 

The slruc!ural formula ot nilric oxi-de (NO) is shown be!OI'I: 

·N==O: 
12 CliNICAl. PHARMACOLOGY 
12.1 Mechanism of Action 
Nrtric oxide is a compownd produced by mo;:Jy cel!s ci ill:: bocy. ll 
reiaxes vascuiBr sm-~olll muscia by !Jir.dir:g to lim t:eme nmwty d 
cytosc!ic glianylate cyclase, acth·ating gu<>nylat<O G'Yclase <:ml incre::~:ing 
l ::tracej ~uiat· ievels of cycHr. guanosme 31 ,5' .. monophosp::.ate~ wnlch 
men ieads to v>JSadiliilinn. When inlmled, niiri~ oxide selectively dilates 
ttle pulmonary vascw!at1rw. and !J;:.(:aus:: of efficient scavenginq tly 
~:emoglotlm, !las minimal effect onlil;: sy:;Wmlc vasculatur€ 

INOmax appears to incre<ts~ lill: pa1"tial pressure of mteria! oxy{)en 
(PaO<\ ll':l ;Ji-\ating pwlme>nary ves«eis in better ventiiaterl area:;. ol the 
l!my, rmJ!striblllmg pulrnonary tllood fiO\N away from lung r;:gion:; with 
low ventiiatmnlp;:rf;,c[;icm f,_liiJj ratios towan:l regions wil!1 nwmal ratio:>. 

12.. 2 Pharmacodynamics 
Eflecls uil Pu!mona1'1 Va~cular Tone in PPHN 

P&rsi:;tent pulmonary hYPBilillision al the mmbom lPPHN} occurs as 
a ilrimary dEvelopmental deiad or as a cnmiition secondary to other 
disBases suet: as meconium aspiration syndrome (rMS), pneumonia, 
sepsis, t:yaline nmmuram; disam<e, congenital diaphragmatic lwrnia 
(CDH), and pulmonmy hypo1~1asia. In lhese states. pulmor\ary vascular 
rr:sismnce {P\IR) is hiu!i. which re;;u!ts in 11ypoxemia secondary to 
nl!ht-lo·leil shurning nf t;tc;od thrnligh the pateni du::t::s arteriosus .;;ml 
tOmme:: o~'a!e. :n rmmmt~$ with PPHN, tNOnm:< ~mp:o~'m: nxygenai!nn 
(as imi:r.s.ted hy ~:ignili::<ml :ncreas::s in P30;). 

12.3 Pilarmacokln!ltics 
~n:e plmrmamkineliL':o o! nitric e>:l(le ilas n;:en st1xiie<! in aculi:;. 

12.4 Pharmacokinetics: Uptake and lllstrihution 
Nilri1: e>xi;Je is at1soroec !;)'8temi1:all;< ;;fW< Inhalation. Mosi (ill\ traverscl:: 
li1e pulmonary rapif!ary bed where it cmnblnes with lmmoglobin mal 
is 60% to 100% o~ygen-Haturated. At 1fli;; level ot oxygen saluration. 
nltflt. oxide combines prt:(Jomi nanlly wil!l oxyt1e rnoglobi ii to produce 
meihemcgiobin anc! nitrate. At low oxygen saturation, nilric O):itle can 
combine with <:!eo);yhemoglollin lo lransler:t!y torm nltrcsylhemogiobin, 
1Vhich is converted to niirogan oxi(ies and methemoglobin u~cm expC!sure 
to oxygen. Witi1in the puimWlt'.J)' systt:m, nitric oxide can combine \o;}tth 
o:-:ygen and water to p:-cctuce nitm·Qen dioxide ar:C ~itjite. res~J~~GUvety: 

~vhicf~ interact \·vail OX)'hem0~Jiob:n to prcDuc:: me:u-~-emugfl:tJin and 
nitrate, Thus, the end prmJucts of r:ilrl>:: oxide tt:at ::ntur li~e sy:a,;mlc 
circulation are pr<JdomimmHy me!hemogiC>bin ami nitrate 

12,5 Pharmm:okirmtics: Metabolism 
Metflemoglobin dh;posiHml has bE:en investigated :;s a function of time 
and nitric oxide t:xposum conc~:ntra!ion in neonates wim respiratory 
fail!lm. The nwitmme>glollin (M;!lHb) concentmliorHirrw profiles during 
the !irs! 12 hours of expo:;uw 1o o. 5, 20. and BG ppm JrWnm:< am shown 
in Figure 1 

Ffgure 1: 
Methemoglobin Conc<!lntration- Time Profiles 
Neonates lnha!infl 0, 5, 20 or 80 ppm INOmax 

$ ~ Hf 1! 

!tour~ of INOmnx. Mmlnl>tw!ion 

i\·\~tllilmogloilin cma:er:trmions incmnsed dur:r:g the !irs> a hours 
nl nitric oxidn uxposure. The mean me1llamoglobl:1 !eve! remained 
be!e>w 1% ir. the placdw !Jruup and ln the 5 ppm and 20 ppm !NOmax 
gmups, but reached appro~ima!ofy 5% i~ the 80 ppm !NOma>: group. 
Mt:themoglobin levels >'1% were attained only in patients rec[:lvino 
80 ppm. where they Ctimprfsed 35% of the g1·oup. Tlw averagB llnw lo 
reach peak methei11C)Jiobin was 1 0 ::· 9 (SDl r1ours (median. 8 heum) 
in these 1 3 patie~ts, but one patient did r.ol exceed 7% umil 4fl ho:.:rs. 

12.6 PharmaooklneHcs: Elimination 
Nilrale 11as ilat:n itler.tilled <>S lhe r>redomimmt nil;ic nxlde metaboiiir: 
e::(cre1ed ir: Hm· uiine, acc{:.unung f•.?r > ?O~'Z-1 of me nl~rfc oxld·~ des·::: 
!nhai~Et NHraw is cleared tforn tha p~asma by the ~.idne}} a: mlt:s 
apr>roac!Jing the ratE> ot glem;:mlm llitr<won. 

13 NONCUNICAL T{)XICOLOGY 
13.1 Carclno.genesis, Mul<lgenesis, Impairment of Fertility 
No evidence of a carcinogenic effect was apparent, at inhalalion 
exposures up to the re~.:ornmeflded do"e (20 ppm). in rats for 20 hr/oay 
lor 1.m 10 two y~ars. Higher exposure~; t1av<J noi tJeen inves!igaW(!. 
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Nitric oxide has demonstrated genotoxiclty in Salmonella (Ames Test), 
human lymphocytes, and after in vivo exposure in rats. There are no 
animal or human studies to evaluate nitric oxide for effects on fertility. 
14 CUNICAL STUDIES 
14.1 Treatment of Hypoxic Respiratory Failure (HRF) 
The efficacy of INOmax has been investigated in term and near-term 
newborns with hypoxic respiratory failure resulting from a variety 
of etiologies. Inhalation of INOmax reduces the oxygenation index 
(01::: mean airway pressure in em H20 x fraction of inspired oxygen 
concentration [ROiJx 100 divided by systemic arterial concentration in 
mm Hg [PaOiJ) and increases Pa02 [see Clinical Pharmacology (12. 1 )}. 
NiNOSStudy 
The Neonatal Inhaled Nitric Oxide Study (NINOS) group conducted a 
double-blind, randomized, placebo-controlled, multicenter trial in 235 
neonates with hypoxic respiratory failure. The objective of the study was 
to determine whether inhaled nitric oxide would reduce the occurrence 
of death and/or initiation of extracorporeal membrane oxygenation 
(ECMO) in a prospectively defined cohort of term or near-term neonates 
with hypoxic respiratory failure unresponsive to conventional therapy. 
Hypoxic respiratory failure was caused by meconium aspiration 
syndrome (MAS; 49%), pneumonia/sepsis (21 %), idiopathic primary 
pulmonary hypertension of the newborn (PPHN; 1 7%), or respiratory 
distress syndrome (RDS; 11%). Infants s14 days of age (mean, 1.7 
days) with a mean Pa02 of 46 mm Hg and a mean oxygenation index 
(01) of 43 em H20 I mm Hg were initially randomized to receive 1 00% 02 
with (n=1 14) or without (n:::121) 20 ppm nitric oxide for up to 14 days. 
Response to study drug was defined as a change from baseline in Pa02 
30 minutes after starting treatment (full response ::: >20 mm Hg, partial 
= 1 D-20 mm Hg, no response ::: <1 0 mm Hg). Neonates with a less 
than full response were evaluated for a response to 80 ppm nitric oxide 
or control gas. The primary results from the NINOS study are presented 
in Table 2. 

Table2: 
Summary of Clinical Results from NiNOS Study 

Control NO P value 
(n=121l ln=114) 

Death or ECMO'·' 77 (64%) 52(46%) 0.006 

Death 20(17%) 16(14%) 0.60 

ECMO 66 (55%) 44 (39%) 0.014 

• Extracorporeal membrane oxygenation 
t Death or need for ECMO was the study's primary end point 

Although the incidence of death by 120 days of age was similar in both 
groups (NO, 1 4%; control, 1 7%), significantly fewer infants in the nnric 
oxide group required ECMO compared with controls (39% vs. 55%, p 
= 0.014). The combined incidence of death and/or initiation of ECMO 
showed a significant advantage for the nitric oxide treated group 
(46% vs. 64%, p = 0.006). The nitric oxide group also had significantly 
greater Increases in Pa02 and greater decreases in the 01 and the 
alveolar-arterial oxygen gradient than the control group (P<0.001 for all 
parameters}. Significantly more patients had at least a partial response 
to the initial administration of study drug in the nitric oxide group (66%) 
than the control group (26%, P<0.001 ). Of the 1 25 infants who did not 
respond to 20 ppm nitric oxide or control, similar percentages of NO· 
treated (1 8%) and control (20%) patients had at least a partial response 
to 80 ppm nitric oxide for inhalation or control drug, suggesting a 
lack of additional benefit for the higher dose or nitric oxide. No infant 
had study drug discontinued for toxicity. Inhaled nitric oxide had no 
detectable effect on mortality. The adverse events collected in the NINOS 
trial occurred at similar incidence rates In both treatment groups [see 
Adverse Reactions (6. 1}]. Follow-up exams were performed at 18-24 
months for the infants enrolled in this trial. In the infants with available 
follow-up, the two treatment groups were similar with respect to their 
mental, motor, audlologic, or neurologic evaluations. 
CINRGI Studv 
This study was a double-blind, randomized, placebo-controlled, 
multicenter trial of 1 86 term and near-term neonates with pulmonary 
hypertension and hypoxic respiratory failure. The primary objective of 
the study was to determine whether INOmax would reduce the receipt 

of ECMO In these patients. Hypoxic respiratory failure was caused by 
MAS (35%), idiopathic PPHN (30%), pneumonia/sepsis (24%), or RDS 
(8%). Patients with a mean Pa02 of 54 mm Hg and a mean 01 of 44 em 
H20 I mm Hg were randomly assigned to receive either 20 ppm INOmax 
{n=97) or nitrogen gas (placebo; n=89) in addition to their ventilatory 
support. Patients who exhibited a Pa02 >60 mm Hg and a pH< 7.55 
were weaned to 5 ppm INOmax or placebo. The primary results from the 
CINRGI study are presented in Table 3. 

Table 3: 
Summary of Clinical Results from CINRGI Study 

Placebo INOmax Pvalue 
ECMO*·' 51189 (57%) 30/97131%} <0.001 
Death 5189 (6%) 3197 (3%) 0.48 

• Extracorporeal membrane oxygenation 
t ECMO was the primary end point of this study 

Significantly fewer neonates in the INOmax group required ECMO 
compared to the control group (31% vs. 57%, p<0.001). While the 
number of deaths were similar in both groups (INOmax, 3%; placebo, 
6%), the combined incidence of death and/or receipt of ECMO was 
decreased In the INOmax group (33% vs. 58%, P<0.001 ). 
In addition, the INOmax group had signilicantly improved oxygenation 
as measured by Pa02, 01, and alveolar-arterial gradient (p<0.001 for 
all parameters). Of the 97 patients treated with INOmax, 2 {2%) were 
withdrawn from study drug due to methemoglobin levels >4%. The 
frequency and number of adverse events reported were similar in the 
two study groups [see Adverse Reactions (6. 1)]. 

14.2 lneffecuve in Adult Respiratory Distress Syndrome (ARDS) 
ARDS Study 
In a randomized, double-blind, parallel, multicenter study, 385 patients 
with adult respiratory distress syndrome (ARDS) associated with 
pneumonia (46%), surgery (33%), multiple trauma (26%), aspiration 
(23%), pulmonary contusion (1 8%), and other causes, with PaOiR02 
<250 mm Hg despite optimal oxygenation and ventilation, received 
placebo (n=193) or INOmax (n=192), 5 ppm, for 4 hours to 28 days or 
until weaned because of improvements In oxygenation. Despite acute 
improvements in oxygenation, there was no effect of INOmax on the 
primary endpoint of days alive and off ventilator support. These results 
were consistent with outcome data from a smaller dose ranging study of 
nitric oxide {1 .25 to 80 ppm). INOmax is not indicated for use in ARDS. 
16 HOW SUPPUED/STORAGE AND HANDUNG 
INOmax (nitric oxide) is available in the following sizes: 

SizeD Portable aluminum cylinders containing 353 liters at STP 
of nitric oxide gas in 800 ppm concentration in nitrogen 
(delivered volume 3441iters) (NDC 64693·002·01) 

Size 0 Portable aluminum cylinders containing 3531iters at STP 
of nitric oxide gas in 1 00 ppm concentration in nitrogen 
(delivered volume 344 liters) (NDC 64693-001 ·01) 

Size 88 Aluminum cylinders containing 1 963lilers at STP of nitric 
oxide gas in 800 ppm concentration in nitrogen (delivered 
volume 191 Bliters) (NDC 64693·002-02) 

Size 88 Aluminum cylinders containing 1 963 liters at STP of nitric 
oxide gas in 1 00 ppm concentration in nitrogen (delivered 
volume 1918 liters) (NDC 64693·001 ·02) 

Store at 25°C (77°F) with excursions permitted between 1 5-30°C (59-
860F) [see USP Controlled Room Temperature]. 
Occupational Exposure 
The exposure limit set by the Occupational Safety and Health 
Administration (OSHA) for nitric oxide Is 25 ppm, and for N02 the limit 
is 5 ppm. 

INO Therapeutics 
6 Route 1 73 West 
Clinton, NJ 08809 
USA 

© 2009 INO Therapeutics SPC-0303 V:4.0 
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Title of Application Methods of Treating Term and Near-Term 

Neonates Having Hypoxic Respiratory 
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Examiner Arnold, Ernst V. 
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Updated Pre-Examination Search Document 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This Updated Pre-Examination Search Document is provided in support of the 

Petition for Accelerated Examination filed herewith. This Document is provided as an 

update of the Search Document filed on June 22, 201 0. 

An updated pre-examination search was conducted involving U.S. patents and 

patent application publications, foreign patent documents and non-patent literature as 

indicated below. The results of the search are provided on an Information Disclosure 

Statement filed concurrently herewith. 

The search primarily includes the following aspects: 

• The method of reducing the risk of the occurrence in neonates or near-term 

neonates of adverse events or serious adverse events associated with 

inhalation of nitric oxide (iNO) by identifying such patient in need of iNO, 

administering iNO to the patient unless the patient is identified as having left 

ventricular dysfunction (LVD) or right-to-left shunting of blood. (See new claim 

20). 
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• The method of reducing the risk of adverse events or serious adverse events 

in a neonate or near-term neonate associated with iNO by providing NO gas 

to a medical provider, informing the provider that right-to-left shunting of blood 

is contraindicated, and that elevated capillary wedge pressure (PCWP) is a 

risk factor leading to pulmonary edema. (See new claim 21 ). 

• Specifically, that PCWP ~ 20 mm Hg is a risk factor. (See new claim 22). 

• Specifically, that neonate patients are receiving iNO for treatment of 

respiratory failure associated with clinical or echocardiographic evidence of 

pulmonary hypertension. (See new claim 23). 

• Specifically, that the iNO is sourced from a pressurized cylinder containing 

NO and inert gases. (See new claim 24 ). 

• The method of reducing the risk of adverse events or serious adverse events 

using iNO in term or near-term neonates by providing iNO to a medical 

provider, and informing the provider of two risk factors being a 

contraindication for right-to-left shunting of blood and the risk of increasing 

PCWP if there is pre-existing LVD. (See new claim 25). 

• Specifically, that the LVD is characterized by elevated pulmonary capillary 

wedge pressure, diastolic dysfunction, hypertensive cardiomyopathy, systolic 

dysfunction, ischemic cardiomyopathy, viral cardiomyopathy, idiopathic 

cardiomyopathy, autoimmune disease related cardiomyopathy, drug-related 

cardiomyopathy, toxin-related cardiomyopathy, structural heart disease, 

valvular heart disease or congenital heart disease. (See new claim 26). 

• Specifically, that the LVD is characterized by PCWP ~ 20 mm Hg. (See new 

claim 27). 

A pre-examination search was conducted involving U.S. patents and patent 

application publications, foreign patent documents and non-patent literature as indicated 

below. The results of the search are provided on an Information Disclosure Statement 

filed concurrently herewith. 

8 (A) Pre-examination Search 
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US patent classification Field of Search: 

Class(es)/Subclass(es) Searched: 

128/200.14, 128/200.24, 128/203.15, 128/20312, 558 /486, 600/481' 600/513 

International patent classification field of Search 

Section(s)/Ciass(es)/Subclass(es)/Main Group(s)/Sub group(s) searched 

A61 K 33/00, A61 K 33/08, A61 P 9/00, A61 P 9/04, A61 P 9/08, A61 P 43/00, C01 B 

21/24 

Date Conducted: April 15, 2011 

Database Searches: 

1) Database Service: MicroPatent, Thomson Innovation 

Data Searched: 

US Patent Document Databases: US-A, US-G 

Foreign Patent Document Databases: EP-A, EP-B, JP, WO, GB-A, INPADOC 

Search Logic: 

1. (inhal*6 OR breath*3 OR gasp*3) NEAR5 (Nitrogen ADJ1 oxide OR Nitric ADJ1 

oxide OR nitrogen ADJ1 monoxide OR NO OR iNO) WITH ((adverse OR 

undesirable OR unfavourable OR unfavorable) ADJ1 (event*1 OR 

consequence*1 OR indication*1 OR effect*1) OR trouble*1 OR risk* OR 

contraindication*1 OR danger* OR threat* OR side ADJ1 effect*1 OR toxin* OR 

toxic* OR safety OR caution* OR precaution OR warning*) 

2. (Nitrogen ADJ1 oxide OR Nitric ADJ1 oxide OR nitrogen ADJ1 monoxide OR 

iNO) WITH ((adverse OR undesirable OR unfavourable OR unfavorable) ADJ1 
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(event*1 OR consequence*1 OR indication*1 OR effect*1) OR trouble*1 OR risk* 

OR contraindication*1 OR danger* OR threat* OR side ADJ1 effect*1 OR toxin* 

OR toxic* OR safety OR caution* OR precaution OR warning*) 

3. (avoid* OR exclud*6 OR except*4 OR omit*4 OR leav*3 ADJ1 out OR tak*3 

ADJ1 out) AND (infant*1 OR child*3 OR neonate*1 OR neonatal OR neo-natal 

OR baby OR babies OR newborn*1 OR term OR pre-term OR near-term) 

4. 2 AND 3 

5. (identif*8 OR select*3 OR choos*3 OR choice OR opt*4 OR pick*3 OR screen*3 

OR find*3 OR segregat*4 OR separat*3 OR distinguish*3 OR detect* OR 

diagnos* OR test*3 OR recogni* OR spot*4 OR determin* OR assess*) NEAR5 

(infant*1 OR child*3 OR neonate*1 OR neonatal OR neo-natal OR baby OR 

babies OR newborn*1 OR pre-term OR near-term) WITH (Nitric ADJ1 oxide OR 

nitrogen ADJ1 (monoxide OR oxide) OR NO OR iNO) 

6. (inhal*6 OR breath*3 OR gasp*3) NEAR5 (Nitrogen ADJ1 oxide OR Nitric ADJ1 

oxide OR nitrogen ADJ1 monoxide OR NO OR iNO) 

7. 5AND6 

8. 3 AND 6 

9. ((RL ORR-LOR RIGHT ADJ5 LEFT OR pulmonary) ADJ5 SHUNT* OR Patent 

ADJ1 ductus ADJ1 arteriosus OR septal ADJ1 defect OR foramen ADJ1 ovale 

OR Pulmonary ADJ1 stenosis OR Overriding ADJ1 aorta OR Ventricular ADJ1 

hypertrophy) 

1 0. (left ADJ 1 ventric* ADJ2 dysfunction*3 OR L VD OR left ADJ 1 ventricle OR 

((diastolic OR systolic) NEAR2 Dysfunction*3) OR Pulmonary ADJ1 Capillary 

ADJ1 wedge ADJ1 pressure OR PCWP OR Pulmonary ADJ1 edema) 

11.6 AND 9 

12.(3 OR 5) AND 6 AND 9 

13.6 AND 10 

14.(3 OR 5) AND 6 AND 10 

15.1 AND 9 

16.2 AND 9 

17.1 AND 10 
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18.2 AND 10 

19. (Treat* OR cure OR curing) NEAR5 (Hypoxic ADJ1 respiratory ADJ1 failure OR 

Pulmonary ADJ1 hypertension OR hypoxia OR hypoxemia) 

20.19 AND 1 

21 . 19 AND 6 AND 9 

22.19 AND 6 AND 10 

Date Conducted: April 16, 2011 

2) Database: Google, Google Scholar, The Journal of Pediatrics, American Academy of 

Pediatrics, MEDLINE, Journal of Medicinal Chemistry, PubMed 

Search Strategy: 

1. (right-to-left OR RL OR R-L) AND (shunt OR shunting OR flow OR pump) AND 

(Nitrogen oxide OR Nitric oxide OR nitrogen monoxide OR NO OR iNO) AND 

(inhalation OR inhaling OR inhale OR breath OR breathing) 

2. (right-to-left OR RL OR R-L) AND (shunt OR shunting OR flow OR pump) AND 

(Nitrogen oxide OR Nitric oxide OR nitrogen monoxide OR NO OR iNO) AND 

(risk OR safety OR caution OR precaution OR warning OR contraindication OR 

contra-indication OR danger OR threat) 

3. (right-to-left OR RL OR R-L) AND (shunt OR shunting OR flow OR pump) AND 

(Nitrogen oxide OR Nitric oxide OR nitrogen monoxide OR NO OR iNO) AND 

(side effect OR adverse OR undesirable OR unfavourable OR unfavorable) 

4. (Pulmonary shunting OR Pulmonary stenosis OR Overriding aorta OR 

Ventricular hypertrophy OR Patent ductus arteriosus OR atrial septal defect OR 

Ventricular septal defect OR foramen ovale) AND (risk OR safety OR caution OR 

precaution OR warning OR contraindication OR contra-indication OR danger OR 

threat) AND (Nitrogen oxide OR Nitric oxide OR nitrogen monoxide OR NO OR 

iNO) 

5. Inhalation AND Nitric oxide AND right-to-left shunting 

6. Inhalation AND Nitric oxide AND Pulmonary shunting 
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7. Inhalation AND Nitric oxide AND risk AND right-to-left shunting 

8. Inhalation AND Nitric oxide AND risk AND Pulmonary Capillary wedge pressure 

9. Inhalation AND Nitric oxide AND risk AND left ventric dysfunction 

1 G. Inhalation AND Nitric oxide AND risk AND left ventricular dysfunction 

11.1nhalation AND Nitric oxide AND risk AND shunt 

Date Conducted: April17, 2011 

8(8) Search Directed to the Invention 

The pre-examination search was directed to the claimed invention, 

encompassing all the features of the claims and giving the claims their broadest 

reasonable interpretation. 

8(C) Search Directed to the Disclosure 

No disclosed features that are unclaimed at this time are currently seen as 

features that may be claimed later. 

8(D) Search Report from a Foreign Patent Office 

No search report from a foreign patent office is provided here as the pre­

examination search. 

8(E) Statement of Good Faith 

All statements above in support of the petition to make special are based on a 

good faith belief that the search was conducted in compliance with the requirements of 

this rule. 
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Respectfully Submitted, 

Lee & Hayes, PLLC 
Representatives for Applicant 

By: /Christopher P. Rogers. Reg No. 36334/ 

Christopher P. Rogers 
(chrisr@leehayes.com; 509-944-4785) 
Registration No. 36334 
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1 See Kind Codes of USPTO Patent Documents at '>Y.'>Y.~'{J)S.lt'JQ/lDV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WI PO 
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English language translation is attached. 
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CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 

D after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 
any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. 

D See attached certification statement. 

D Fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

129 None 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 1 0.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Christopher P. Rogers, RegNo 36334/ Date (YYYY-MM-DD) 2011-05-03 

Name/Print Christopher P. Rogers Registration Number 36,334 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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PATENT COOPERATION TREATY 

From the INTERNATIONAL SEARCHING AUTHORITY PCT 
To: 

Rogers, Christopher.. NOTIFICATION OF TRANSMITTAL OF 

LEE & HAYES, PLLC THE INTERNATIONAL SEARCH REPORT AND 

601 West Riverside Avenue Suite 1400 
THE WRITTEN OPINION OF THE INTERNATIONAL 
SEARCHING AUTHORITY, OR THE DECLARATION 

Spokane WA 99201 

ETATS-UNIS D'AMERIQUE 

(PCT Rule 44.1) 

Date of mailing 
(day/month/year) 

29 July 201 0 (29-07 -201 0) 

Applicant's or agent's file reference 
1001 - 0002PCT FOR FURTHER ACTION See paragraphs 1 and 4 below 

International application No. International filing date 

PCT/US201 0/038652 (day/month/year) 
15 June 201 0 (15-06-201 0) 

Applicant 

lkaria Holdings, Inc. 

20 
3.o 

The applicant is hereby notified that the international search report and the written opinion of the International Searching 
Authority have been established and are transmitted herewith. 

Filing of amendments and statement under Article 19: 
The applicant is entitled, if he so wishes, to amend the claims of the International Application (see Rule 46): 

When? The time limit for filing such amendments is normally two months from the date of transmittal of the 
International Search Report. 

Where? Directly to the International Bureau of WI PO, 34 chemin des Colombettes 
1211 Geneva 20, Switzerland, Fascimile No.: (41-22) 338.82.70 

For more detailed instructions, see the notes on the accompanying sheet. 

The applicant is hereby notified that no international search report will be established and that the declaration under 
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith. 

With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

D 
D 

the protest together with the decision thereon has been transmitted to the International Bureau together with the 
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices. 

no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 

4. Reminders 
Shortly after the expiration of 1 S months from the priority date, the international application will be published by the 
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international 
application, or of the priority claim, must reach the International Bureau as provided in Rules 90bis.1 and 90bis.3, respectively, 
before the completion of the technical preparations for international publication. 

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the 
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an 
international preliminary examination report has been or is to be established. These comments would also be made available to 
the public but not before the expiration of 30 months from the priority date. 

Within19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary 
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority 
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed 
acts for entry into the national phase before those designated Offices. 

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19 
months. 

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the POT Applicant's 
Guide, National Chapters. 

Name and mailing address of the International Searching Authority 

~ 
European Patent Office, P.B. 5818 Patentlaan2 
NL-2280 HV Rijswijk 
Tel. (+31-70) 340-2040 

---=='--Fax: (+31-70) 340-3016 

Form PCT/ISA/220 (July 2009) 

Authorized officer 

HODZIC, Iris 

Tel: +49 (0)89 2399-2084 

(See notes on accompanying sheet) 
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NOTES TO FORM PCTIISA/220 

These Notes are intended to give the basic instructions concerning the filing of amendments under article 19. The 
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions 
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more 
detailed information, see also the PCT Applicant's Guide. 

In these Notes. "Article", "Rule", and "Section" refer to the provisions of the PCT, the PCT Regulations and the PCT 
Administrative Instructions, respectively. 

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19 

The applicant has, after having received the international search report and the written opinion of the International 
Searching Authority, one opportunity to amend the claims of the international application. It should however be emphasized 
that, since all parts of the international application (claims,description and drawings} may be amended during the 
international preliminary examination procedure, there is usually no need to file amendments of the claims under Article 19 
except where, e.g. the applicant wants the latter to be published for the purposes of provisional protection or has another 
reason for amending the claims before international publication. Furthermore, it should be emphasized that provisional 
protection is available in some States only (see PCT Applicant's Guide, Annex 8}. 

The attention of the applicant is drawn to the faci that amendments to the claims under Article 19 are not allowed where 
the International Searching Authority has declared, under Article 17(2}, that no international search report would be 
established (see PCT Applicant's Guide, International Phase, paragraph 296}. 

What parts of the international application may be amended? 

When? 

Under Article 19, only the claims may be amended. 

During the international phase, the claims may also be amended (or further amended) under Article 34 before the 
International Preliminary Examining Authority. The description and drawings may only be amended under 
Article 34 before the International Examining Authority. 

Upon entry into the national phase, all parts of the international application may be amended under Article 28 or, 
where applicable, Article 41. 

Within 2 months from the date of transmittal of the international search report or 16 months from the priority date, 
whichever time limit expires later. It should be noted, however, that the amendments will be considered as having 
been received on time if they are received by the International Bureau after the expiration of the applicable time 
limit but before the completion of the technical preparations for international publication (Rule 46.1 ). 

Where not to file the amendments? 

How? 

The amendments may only be filed with the International Bureau and not with the receiving Office or the 
International Searching Authority (Rule 46.2}. 

Where a demand for international preliminary examination has been/is filed, see below. 

Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of one 
or more of the claims as filed. 

A replacement sheet or sheets containing a complete set of claims in replacement of all the claims previously filed 
must be submitted. 

Where a claim is cancelled, no renumbering of the other claims is required. In all cases where claims are 
renumbered, they must be renumbered consecutively in Arabic numerals (Section 205(a}). 

The amendments must be made in the language in which the international application is to be published. 

What documents musVmay accompany the amendments? 

Letter (Section 205(b)): 

The amendments must be submitted with a letter. 

The letter will not be published with the international application and the amended claims. It should not be 
confused with the "'Statement under Article 19(1 )" (see below, under "Statement under Article 19(1 )"). 

The letter must be in English or French, at the choice of the applicant. However, if the language of the 
international application is English, the letter must be in English; if the language of the international application 
is French, the letter must be in French. 

Notes to Form PCT/ISA/220 (first sheet} (July 2009) 

BNSDOCI D: <XS~~201006011 P4~1~> 
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NOTES TO FORM PCT/ISA/220 (continued) 

The letter must indicate the differences between the claims as filed and the claims as amended. It must, in 
particular, indicate, in connection with each claim appearing in the international application (it being understood 
that identical indications concerning several claims may be grouped),whether 

(i) the claim is unchanged; 

(ii) the claim is cancelled; 

(iii) the claim is new; 

(iv) the claim replaces one or more claims as filed; 

(v) the claim is the result of the division of a claim as filed. 

The following examples illustrate the manner in which amendments must be explained in the 
accompanying letter: 

1. [Where originally there were 48 claims and after amendment of some claims there are 51]: 
"Claims 1 to 29, 31, 32, 34, 35,37 to 48 replaced by amended claims bearing the same numbers; 
claims 30,33 and 36 unchanged; new claims 49 to 51 added." 

2. [Where originally there were 15 claims and after amendment of all claims there are 11]: 
"Claims 1 to 15 replaced by amended claims 1 to 11 ." 

3. [Where originally there were 14 claims and the amendments consist in cancelling some claims and in adding 
new claims]: 
"Claims 1 to 6 and 14 unchanged; claims 7 to 13 cancelled; new claims 15, 16 and 17 added." or 
"Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other claims unchanged." 

4. [Where various kinds of amendments are made]: 
"Claims 1-1 0 unchanged; claims 11 to 13, 18 and 19 cancelled; claims 14, 1 5 and 16 replaced by amended 
claim 14; claim 17 subdivided into amended cla1ms 15, 16 and 17; new claims 20 and 21 added." 

"Statement under article 19(1)" (Rule 46.4) 

The amendments may be accompanied by a statement explaining the amendments and indicating any impact 
that such amendments might have on the description and the drawings (which cannot be amended under Article 19(1 )). 

The statement will be published with the international application and the amended claims. 

It must be in the language in which the international application is to be published. 

It must be brief, not exceeding 500 words if in English or if translated into English. 

It should not be confused with and does not replace the letter indicating the differences between the claims as filed 
and as amended. It must be filed on a separate sheet and must be identified as such by a heading, preferably by 
using the words "Statement under Article 19(1 )." 

It may not contain any disparaging comments on the international search report or the relevance of citations 
contained in that report. Reference to citations, relevant to a given claim, contained in the international search 
report may be made only in connection with an amendment of that claim. 

Consequence if a demand for international preliminary examination has already been filed 

If, at the time of filing any amendments and any accompanying statement, under Article 19, a demand for 
international preliminary examination has already been submitted, the applicant must preferably, at the time of 
filing the amendments (and any statement) with the International Bureau, also file with the International 
Preliminary Examining Authority a copy of such amendments (and of any statement) and, where required, a 
translation of such amendments for the procedure before that Authority (see Rules 55.3(a) and 62.2, first 
sentence). For further information, see the Notes to the demand form (PCT/IPEA/401 ). 

If a demand for international preliminary examination is made, the written opinion of the International Searching 
Authority will, except in certain cases where the International Preliminary Examining Authority did not act as 
International Searching Authority and where it has notified the International Bureau under Rule 66.1 bis(b), be 
considered to be a written opinion of the International Preliminary Examining Authority. If a demand is made, the 
applicant may submit to the International Preliminary Examining Authority a reply to the written opinion together, 
where appropriate, with amendments before the expiration of 3 months from the date of mailing of Form 
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later (Rule 43bis.1 (c)). 

Consequence with regard to translation of the international application for entry into the national phase 

The applicant's attention is drawn to the fact that, upon entry into the national phase, a translation of the claims as 
amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or in addition to, 
the translation of the claims as filed. 

For further details on the requirements of each designated/elected Office, see the PCT Applicant's Guide, 
National Chapters. 

Notes to Form PCT/ISA/220 (second sheet) (July 2009) 

BNSDOCID: <XS~-~201006011 P4_1_> 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

Applicant's or agent's file reference FOR FURTHER 
ACTION 

see Form PCT/ISA/220 

IOOl - 0002PCT as well as, where applicable, item 5 below. 

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year) 

PCT/US2010/038652 15/06/2010 30/06/2009 
Applicant 

Ikaria Holdings, Inc. 

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of 4 sheets. 

[I) It is also accompanied by a copy of each prior art document cited in this report. 

1 . Basis of the report 

2. 

3. 

a. With regard to the language, the international search was carried out on the basis of: 

b. D 
c. D 

D 

D 

[i] the international application in the language in which it was filed 

D a translation of the international application into , which is the language 
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1 (b)) 

This international search report has been established taking into account the rectification of an obvious mistake 
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

Certain claims were found unsearchable (See Box No. II) 

Unity of invention is lacking (see Box No Ill) 

4. With regard to the title, 

D the text is approved as submitted by the applicant 

1}[1 the text has been established by this Authority to read as follows: 

METHODS OF IDENTIFYING A PATIENT POPULATION ELIGIBLE FOR TREATMENT WITH NITRIC 
OXIDE VIA INHALATION 

5. With regard to the abstract, 

D the text is approved as submitted by the applicant 

[I] the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. _____ _ 

b. D 

D as suggested by the applicant 

D as selected by this Authority, because the applicant failed to suggest a figure 

D as selected by this Authority, because this figure better characterizes the invention 

none of the figures is to be published with the abstract 

Form PCT/ISA/21 0 (first sheet) (July 2009) 
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International application No. 

INTERNATIONAL SEARCH REPORT 
PCT/US2010/038652 

Box No. IV Text of the abstract (Continuation of item 5 of the first sheet) 

The invention relates to methods of reducing the risk or preventing the 
occurrence of an adverse event (AE) or a serious adverse event (SAE) 
associated with a medical treatment comprising inhalation of nitric oxide. 

Form PCT/ISN21 0 (continuation of first sheet (3)) (July 2009) 
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INTERNATIONAL SEARCH REPORT 
International application No 

PCT/U$2010/038652 
A. CLASS! FICA TION ~ SUBJECT MATTER 
INV. A61K31 21 A61K33/00 A61K45/06 A61P9/08 A61P9/12 
ADD. 

According to International Patent Classification (I PC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

A61K 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal, BIOSIS, CHEM ABS Data, EMBASE, PASCAL, SCISEARCH, WPI Data 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

X LOH EVAN ET AL: "Cardiovascular Effects 1-30 
of Inhaled Nitric Oxide in patients With 
Left Ventricular Dysfunction" 
CIRCULATION, 
vol . 90, no. 6, 1994, pages 2780-2785, 
XP002577161 
ISSN: 0009-7322 
the whole document 

-----
-1--

[]] Further documents are listed in the continuation of Box C. D See patent family annex. 

* Special categories of cited documents : 
'T" later document published after the international filing date 

'A' document defining the general state of the art which is not 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 

considered to be of particular relevance invention 
'Ec' earlier document but published on or after the international 'X' document of particular relevance; the claimed invention 

filing date cannot be considered novel or cannot be considered to 
'L' document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone 

which is cited to establish the publication date of another 'Y' document of particular relevance; the claimed invention 
citation or other special reason (as specified) cannot be considered to involve an inventive step when the 

'0' document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled 

• P' document published prior to the international filing date but in the art 
later than the priority date claimed '&' document member of the same patent family 

Date of the actual completion of the international search Date of mailing of the international search report 

23 July 2010 29/07/2010 
Name and mailing address of the ISN Authorized officer 

European Patent Office, P.B. 5818 Patentlaan 2 
NL- 2280 HV Rijswijk 

Tel. (+31-70) 340-2040, Albrecht, Sil ke Fax: (+31-70) 340-3016 4 

Form PCTIISN210 (second sheet) (Aprrl 2005) 

page 1 of 3 
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4 

INTERNATIONAL SEARCH REPORT 

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages 

X SEMIGRAN MARC J ET AL: "Hemodynamic 
effects of inhaled nitric oxide in heart 
failure" 

X 

X 

X 

X 

JOURNAL OF THE AMERICAN COLLEGE OF 
CARDIOLOGY, 
vol. 24, no. 4, 1994, pages 982-988, 
XP009131903 
ISSN: 0735-1097 
cited in the application 
the whole document 

HAYWARD C S ET AL: "Inhaled nitric oxide 
in cardiac failure: Vascular versus 
ventricular effects" 
JOURNAL OF CARDIOVASCULAR PHARMACOLOGY, 
vol. 27, no. 1, 1996, pages 80-85, 
XP009131904 
ISSN: 0160-2446 
cited in the application 
the whole document 

OVODOV ET AL: "Nitric oxide: Clinical 
applications" 
SEMINARS IN ANESTHESIA, SAUNDERS, CO, NEW 
YORK, NY, US LNKD­
DOI:10.1053/SA.2000.6785, 
vol. 19, no. 2, 1 June 2000 (2000-06-01), 
pages 88-97, XP005426335 
ISSN: 0277-0326 
page 90, column 1 
page 93, column 2 - page 94 

HENRICHSEN ET AL: "Inhaled nitric oxide 
can cause severe systemic hypotension" 
JOURNAL OF PEDIATRICS, MOSBY-YEAR BOOK, 
ST. LOUIS, MO, US LNKD­
DOI:10.1016/S0022-3476(96)70230-5, 
vol. 129, no. 1, 1 July 1996 (1996-07-01), 
page 183, XP022199226 
ISSN: 0022-3476 
the whole document 

ADATIA ET AL: "Inhaled nitric oxide and 
hemodynamic evaluation of patients with 
pulmonary hypertension before 
transplantation" 
JOURNAL OF THE AMERICAN COLLEGE OF 
CARDIOLOGY, ELSEVIER, NEW YORK, NY, US 
LNKD- DOI:10.1016/0735-1097(95)00048-9, 
vol. 25, no. 7, 1 June 1995 (1995-06-01), 
pages 1656-1664, XP005857183 
ISSN: 0735-1097 
page 1663, column 1 

-1--

Form PCT/ISA/210 (continuation of second sheet) (April2005) 

International application No 

PCT/US2010/038652 

Relevant to claim No. 

1-30 

1-30 

1-30 

1-30 

1-30 

page 2 of 3 
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INTERNATIONAL SEARCH REPORT 

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category• Citation of document, with indication, where appropriate, of the relevant passages 

X CUJEC BIBIANA ET AL: "Inhaled nitric 
oxide reduction in systolic pulmonary 
artery pressure is less in patients with 
decreased left ventricular ejection 
fraction" 

X 

X 

CANADIAN JOURNAL OF CARDIOLOGY, 
vol. 13, no. 9, 1997, pages 816-824, 
XP002577162 
ISSN: 0828-282X 
the whole document 

FINDLAY G P: "Paradoxical haemodynamic 
response to inhaled nitric oxide" 
INTERNATIONAL JOURNAL OF INTENSIVE CARE 
1998 GB, 
vol. 5, no. 4, 1998, pages 134-139, 
XP001536771 
ISSN: 1350-2794 
the whole document 

BOCCHI E A ET AL: "Inhaled nitric oxide 
leading to pulmonary edema in stable 
severe heart failure" 
AMERICAN JOURNAL OF CARDIOLOGY, CAHNERS 
PUBLISHING CO., NEWTON, MA, US LNKD­
DOI:10.1016/0002-9149(94)90496-0, 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. I Basis of the opinion 

1. With regard to the language, this opinion has been established on the basis of: 

t21 the international application in the language in which it was filed 

International application No. 
PCT/US201 0!038652 

0 a translation of the international application into , which is the language of a translation furnished for the 
purposes of international search (Rules 12.3(a) and 23.1 (b)). 

2. 0 This opinion has been established taking into account the rectification of an obvious mistake authorized 
by or notified to tl1is Authority under Rule 91 (Rule 43bis.1 (a)) 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this 
opinion has been established on the basis of a sequence listing filed or furnished: 

a. (means) 

0 on paper 

0 in electronic form 

b. (time) 

0 in the international application as filed 

0 together with the international application in electronic form 

0 subsequently to this Authority for the purposes of search 

4. 0 In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, 
the required statements that the information in the subsequent or additional copies is identical to that in the 
application as filed or does not go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments: 

Form PCTASA/237 (April2007) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCTIUS201 0!038652 

Box No. Ill Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non 
obvious), or to be industrially applicable have not been examined in respect of 

0 the entire international application 

rgJ claims Nos. 16-23 

because: 

rgJ the said international application, or the said claims Nos. 16-23 relate to the following subject matter which 
does not require an international search (specify): 

see separate sheet 

0 the description, claims or drawings (indicate particular elements below) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 

0 the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed (specify): 

0 no international search report has been established for the whole application or for said claims Nos. 

0 a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the 
prescribed time limit: 

0 furnish a sequence listing on paper complying with the standard provided for in Annex C of the 
Administrative Instructions, and such listing was not available to the International Searching 
Authority in a form and manner acceptable to it. 

0 furnish a sequence listing in electronic form complying with the standard provided for in Annex C 
of the Administrative Instructions, and such listing was not available to the International Searching 
Authority in a form and manner acceptable to it. 

0 pay the required late furnishing fee for the furnishing of a sequence listing in response to an 
invitation under Rules 13ter.1 (a) or (b). 

rgJ See Supplemental Box for further details 

Form PCTASA/237 (April 2007) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCTIUS201 0;038652 

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 
No: Claims 

Inventive step (IS) Yes: Claims 
No: Claims 

Industrial applicability (lA) Yes: Claims 
No: Claims 

2. Citations and explanations 

see se~arate sheet 

Form PCTASA/237 (April 2007) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

Re Item Ill 

International application No. 

PCT/US201 0/038652 

Non- establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

Independent claims 16, 20 will not be examined in accordance with Rule 67.1 (v) PCT, 
as their subject- matter is limited to mere presentations of information (i.e. informing 
the medical provider in accordance with feature b of claims 16, 20). Mutatis mutandis 
dependent claims 17-19, 21-23. 

Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

The following documents (01-09) are referred to in this report; the numbering results 
from the order of citations found in the Search Report (SR) and will be adhered to in 
the rest of the procedure. The cited passage (s) for each citation will be considered 
unless otherwise specified. 

Claims 1-15, 24-30 relate to subject-matter considered by this Authority to be covered 
by the provision of Rule 39.1 (iv)/67.1 (iv) PCT. The patentability can be dependent 
upon the formulation of the claims. The EPO, for example, does not recognise as 
patentable claims the use of a compound in medical treatment, but may allow claims 
to a product, in particular substances or compositions for use in a first or further 
medical treatment. 

Claims 1-15, 24-30 do not comply with the requirements of Article 5 PCT, the reasons 
being as follows: 

These claims comprise i.a. the step of identifying near-term neonate, neonate or child 
patients eligible for/ in need of treatment with NO by inhalation. However, in the 
present case, the disclosure in the patent application does not give the skilled person 
any guidance on how to identify these patients (eg method of screening, criteria of 
inclusion/ exclusion etc). Independent of the foregoing claims 1-15, 24-30 also lack 
clarity in the sense of Article 6 PCT, as the wording of feature (a) of claims 9, 24, 25 
and claim 1 is vague and leaves the skilled reader in doubt about the exact scope of 
these claims. Mutatis mutandis dependent claims 2-8, 10-15, 26-30. 

Furthermore, claims 1-"15, 24-30 are also considered to be unclear in that they 
comprise a diagnostic step (eg feature (b) of claims 9, 24, 25), but the said diagnostic 
procedure is not further defined (e.g. omission of the method steps of data collection, 
of comparison of data with standard values, of finding of any significant deviation 
during the comparison). As these features are essential to the definition of the 
invention, but are nevertheless not mentioned in independent claims 1, 9, 24, 25, 

Form PCT/ISA/237 (Separate Sheet) (Shee11) (EPO·April 2005) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT/US201 0/038652 

these claims do not meet the requirement following from Article 6 PCT that any 
independent claim must contain all the technical features essential to the definition of 
the invention. 

In addition, claims 28-30 as dependent claims of claims 16, 20 do not meet the re­
quirements of Article 6 PCT in that the matter for which protection is sought is not 
clearly defined. The reasons are as follows: 

Claims 28-30 refer to a medical treatment of a patient (i.e. reducing left ventricular 
afterload), whereas claims 16, 20 do not relate to any medical treatment of a patient. 
The method described in claims 16, 20 is merely limited to providing a medical 
provider with nitric oxide gas and informing him in accordance with feature b of these 
claims. This contradiction between the subject- matter of claims 16, 20 on one hand 
and claims 28-30 on the other hand produces a lack of clarity as to the scope of 
protection afforded by claims 28-30. 

In view of the foregoing objections, novelty and inventive step cannot be discussed in 
detail at present. However, the following should be noted: 

The core of the invention appears to reside in the discovery that patients with pre­
existing LVO often experience an increased risk of (serious) adverse events when 
treated with NO by inhalation (cf par.5, 50, 52, 61, 68, 69 of the present application). 
However, this finding has already been reported in prior art. In particular, 03- 08 
explicitly recommend to use inhaled NO with caution in patients with LVO. 
Furthermore, the authors of 01 state that inhaled NO may have adverse effects in 
patients with LVO and hence may not be desirable in patients with severe left 
ventricular failure. 02 reports on the haemodynamic effects of inhaled NO in patients 
with LVO and concludes that the increase in left ventricular filling pressure seen during 
NO administration may limit its role to that of a diagnostic agent rather than a 
therapeutic agent in these patients. As for the specific patient group claimed in the 
present claims, this cannot contribute to inventive step either, since 05 and 06 refer to 
neonates and children respectively. 

In light of these teachings, it would be obvious for the skilled person to screen patients 
including neonates and children about to undergo treatment with NO by inhalation and 
to exclude those with LVO therefrom. 

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005) 
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Possible steps after receipt of the international search report (I SR) and 

written opinion of the International Searching Authority (WO-ISA) 

General 
information 

Amending claims 
under 
Art. 19 PCT 

Filing a demand 
for international 
preliminary 
examination 

Filing informal 
comments 

End of the 
international 
phase 

Relevant PCT 
Rules and more 
inform at ion 

BNSDOCID: <XS __ 200704010CK I ~ 

For all international applications filed on or after 01/01/2004 the competent 
ISA will establish an ISR. It is accompanied by the WO-ISA. Unlike the 
former written opinion of the I PEA (Rule 66.2 PCT), the W0-1 SA is not 
meant to be responded to, but to be taken into consideration for further 
procedural steps. This document explains about the possibilities. 

Within 2 months after the date of mailing of the ISR and the WO-ISA the 
applicant may file amended claims under Art. 19 PCT directly with the 
International Bureau of WI PO. The PCT reform of 2004 did not change 
this procedure. For further information please see Rule 46 PCT as well as 
form PCT/1 SA/220 and the corresponding Notes to form PCT/ I SA/220. 

In principle, the W0-1 SA will be considered as the written opm1on of the 
I PEA. This should, in many cases, make it unnecessary to file a demand for 
international preliminary examination. If the applicant nevertheless wishes 
to file a demand this must be done before expiry of 3 months after the 
date of mailing of the I SRI W0-1 SA or 22 months after priority 
date, whichever expires later (Rule 54bis PCT). Amendments under Art. 
34 PCT can be filed with the I PEA as before, normally at the same time as 
filing the demand (Rule 66.1 (b) PCT). 

If a demand for international preliminary examination is filed and no 
comments/amendments have been received the WO-ISA will be transformed 
by the I PEA into an I PRP (International Preliminary Report on Patentability) 
which would merely reflect the content of the WO-ISA. The demand can still 
be withdrawn (Art. 37 PCT). 

After receipt of the ISRIWO-ISA the applicant may file informal comments 
on the WO-ISAdirectly with the International Bureau of WI PO. These 
will be communicated to the designated Offices together with the I PRP 
(International Preliminary Report on Patentability) at 30 months from the 
priority date. Please also refer to the next box. 

At the end of the international phase the International Bureau of WI PO will 
transform the W0-1 SA or, if a demand was filed, the written opinion of the 
I PEA into the I PRP, which will then be transmitted together with possible 
informal comments to the designated Offices. The I PRP replaces the former 
I PER (international preliminary examination report). 

Rule 43 PCT, Rule 43bis PCT, Rule 44 PCT, Rule 44bis PCT, PCT Newsletter 
12/2003, OJ 11/2003, OJ 12/2003 
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Bitte beachten Sie, dass angefOhrte Nichtpatentliteratur (wie z. B. 
wissenschaftliche oder technische Dokumente) je nach geltendem Recht 
dem Urheberrechtsschutz und/oder anderen Schutzarten fOr schriftliche 
Werke unterliegen konnte. Die Vervielfaltigung urheberrechtlich 
geschOtzter Texte, ihre Verwendung in anderen elektronischen oder 
gedruckten Publikationen und ihre Weitergabe an Dritte ist ohne 
ausdrOckliche Zustimmung des Rechtsinhabers nicht gestattet 

Veuillez noter que les ouvrages de Ia litterature non-brevets qui sont 
cites, par exemple les documents scientifiques ou techniques, etc., 
peuvent etre proteges par des droits d'auteur et/ou toute autre protection 
des ecrits prevue par les legislations applicables. Les textes ainsi 
proteges ne peuvent etre reproduits ni utilises dans d'autres publications 
electroniques ou imprimees, ni rediffuses sans l'autorisation expresse du 
titulaire du droit d'auteur. 

Please be aware that cited works of non-patent literature such as 
scientific or technical documents or the like may be subject to copyright 
protection and/or any other protection of written works as appropriate 
based on applicable laws. Copyrighted texts may not be copied or used 
in other electronic or printed publications or re-distributed without the 
express permission of the copyright holder. 

XS CPRTENFRDE 
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56 NPL Documents PJ9198.PDF no 8 
a 1 d96ce1 a 1 c0d2a590601 c2e902c06ab000 

27192 

Warnings: 

Information: 

699187 

57 NPL Documents PJ9209.PDF no 6 
51 Od5ec8081 033997a4ea0fcc6b 1 d419179 

f879 

Warnings: 

Information: 

271187 

58 NPL Documents MJ2488.PDF no 10 
9254509a5c442d2cd7d3a92a0af52dec4b8 

d67c6 

Warnings: 

Information: 

607899 

59 NPL Documents NI3971.PDF no 7 
5 a aS 284 292 7 c2ee 7 caS 7b86 7 c54ea 1 be 73 d 

b0fe7 

Warnings: 

Information: 

76697 

60 NPL Documents PQ9291.PDF no 3 
37bc8039177755e04db414e5d2eb53b28c 

7610ef 

Warnings: 

Information: 

Total Files Size (in bytes) 31440627 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Electronic Acknowledgement Receipt 

EFSID: 10012605 

Application Number: 12820866 

International Application Number: 

Confirmation Number: 2913 

METHODS OF TREATING TERM AND NEAR-TERM NEONATES HAVING 
Title of Invention: HYPOXIC RESPIRATORY FAILURE ASSOCIATED WITH CLINICAL OR 

ECHOCARDIOGRAPHIC EVIDENCE OF PULMONARY HYPERTENSION 

First Named Inventor/Applicant Name: James S. Baldassarre 

Customer Number: 49584 

Filer: Lewis Carl Lee/Anna Goforth 

Filer Authorized By: Lewis Carl Lee 

Attorney Docket Number: 1001-0002USC1 

Receipt Date: 03-MAY-2011 

Filing Date: 22-JUN-201 0 

TimeStamp: 17:20:53 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size( Bytes)/ Multi Pages 
Number Message Digest Part /.zip (ifappl.) 

142639 

1 NPL Documents PR0059.PDF no 3 
801530f285133d7f56eb718be9db231 b465 

69509 

Warnings: 

Information: 
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818488 

2 NPL Documents NU9245.PDF no 6 
5220ea4e3e43dc1 dde06e4a6b7133079e8 

b8ba59 

Warnings: 

Information: 

409460 

3 NPL Documents NU9274.PDF no 7 
496e0bcdc53a949a38d54c751 d6ef2c9f35 

5181 

Warnings: 

Information: 

1846013 

4 NPL Documents NU9554.PDF no 5 
Odc0893c0b381676dafe84b4be12bdfcc70 

c8d59 

Warnings: 

Information: 

557227 

5 NPL Documents OV9562.PDF no 13 
8a2fec9ea31 e5ae786982a420838f9bc1 c9d 

bd9d 

Warnings: 

Information: 

426499 

6 NPL Documents NU9269.PDF no 6 
65140e05b03a2b896bee3183cd814aae53 

57e0a 

Warnings: 

Information: 

255375 

7 NPL Documents NU9260.PDF no 5 
e8a9ce 2cde 24cd2fa 77 c7 a924 963 2e61 04 2 

22e7 

Warnings: 

Information: 

191198 

8 NPL Documents NU9208.PDF no 2 
57382c738bc2bf1 0296787137a9a0fca3e82 

ef3a 

Warnings: 

Information: 

147920 

9 NPL Documents PS5781.PDF no 3 
9cc705762c2457f76cc76c8c2932e26c82f3 

3738 

Warnings: 

Information: 

384261 

10 NPL Documents PS4787.PDF no 3 
d 2f2bbad 8d 65 8cf7 Sd 7bc7f782d 25 687 6a2 

91fc0 

Warnings: 

Information: 

Ex. 2007-0742



188129 

11 NPL Documents KD6589.PDF no 9 
5dfbddab4bd904d4137 c2e20bbef4c82bac 

a028a 

Warnings: 

Information: 

342110 

12 NPL Documents 018417.PDF no 11 
8d 1 fe 14d 2214 7f63 08bf4afad 2df7 a6ca3 7 d 

Bed 

Warnings: 

Information: 

110728 

13 NPL Documents PT3285.PDF no 3 
4231 a6373f636407 e4bafb7ff540415b1755 

eaaa 

Warnings: 

Information: 

106579 

14 NPL Documents EPAugust18.pdf no 6 
75056a 1 b6125e 7a8dfd3f48eca9ed624317 

240b3 

Warnings: 

Information: 

Total Files Size (in bytes) 5926626 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Electronic Acknowledgement Receipt 

EFSID: 10013036 

Application Number: 12820866 

International Application Number: 

Confirmation Number: 2913 

METHODS OF TREATING TERM AND NEAR-TERM NEONATES HAVING 
Title of Invention: HYPOXIC RESPIRATORY FAILURE ASSOCIATED WITH CLINICAL OR 

ECHOCARDIOGRAPHIC EVIDENCE OF PULMONARY HYPERTENSION 

First Named Inventor/Applicant Name: James S. Baldassarre 

Customer Number: 49584 

Filer: Lewis Carl Lee/Anna Goforth 

Filer Authorized By: Lewis Carl Lee 

Attorney Docket Number: 1001-0002USC1 

Receipt Date: 03-MAY-2011 

Filing Date: 22-JUN-201 0 

TimeStamp: 17:48:09 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size( Bytes)/ Multi Pages 
Number Message Digest Part /.zip (ifappl.) 

92093 

1 NPL Documents clinical1.pdf no 2 
8a83b87a 169ba76fb 1546d04ed5d 1915c8f 

b2382 

Warnings: 

Information: 
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157560 

2 NPL Documents clinical2.pdf no 3 
83db81 0270c7e444 7ff041 e2adac6e974fca 

8fde 

Warnings: 

Information: 

188994 

3 NPL Documents clinical3.pdf no 4 
25f8281700c231 04a584e8d706e81 f3049e5 

c835 

Warnings: 

Information: 

234663 

4 NPL Documents clinical4.pdf no 4 
3eceba080e 7896f877f3 67903 bb2e620 1 Od 

85e4e 

Warnings: 

Information: 

223157 

5 NPL Documents medinecinenet.pdf no 2 
3 246d0f5 SbS 631 620b5 d8634c540ecc9f3 c 

8fe6 

Warnings: 

Information: 

122803 

6 NPL Documents fda. pdf no 17 
1 a6f1 ec5626919d 1 edf9c73e28bea3875893 

1c9c 

Warnings: 

Information: 

318637 

7 NPL Documents StudyofComparative.pdf no 5 
27dc3555afd44a241 d24e2e349f5ab33548 

243f8 

Warnings: 

Information: 

Total Files Size (in bytes) 1337907 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Office Action Summary 
for Applications 

Under Accelerated Examination 

Application No. 

12/820,866 

Examiner 

ERNST ARNOLD 

Applicant(s) 

BALDASSARRE ET AL. 

Art Unit 

1613 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -­
Since this application has been granted special status under the accelerated examination program, 

NO extensions of time under 37 CFR 1.136(a) will be permitted and a SHORTENED STATUTORY PERIOD FOR 

REPLY IS SET TO EXPIRE: 

ONE MONTH OR THIRTY (30) DAYS, WHICHEVER IS LONGER, 
FROM THE MAILING DATE OF THIS COMMUNICATION- if this is a non-final action or a Quayle action. 

(Examiner: For FINAL actions, please use PTOL-326.) 

The objective of the accelerated examination program is to complete the examination of an application within twelve 
months from the filing date of the application. Any reply must be filed electronically via EFS-Web so that the papers will 
be expeditiously processed and considered. If the reply is not filed electronically via EFS-Web, the final disposition of the 
application may occur later than twelve months from the filing of the application. 

Status 

1 )~ Responsive to communication(s) filed on 02 Mav 2011. 

2)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C. D. 11, 453 O.G. 213. 

Disposition of Claims 

3)~ Claim(s) 20-27 is/are pending in the application. 

3a) Of the above claim(s) __ is/are withdrawn from consideration. 

4)0 Claim(s) __ is/are allowed. 

5)~ Claim(s) 20-27 is/are rejected. 

6)0 Claim(s) __ is/are objected to. 

7)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

8)~ The specification is objected to by the Examiner. 

9)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

1 0)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

11 )0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
• See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) 0 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) ~ Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 5/2111; 5/3/11. 

U.S. Patent and Trademark Off1ce 

PTOL·326AE (Rev. 08·06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20110601 
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Application/Control Number: 12/820,866 

Art Unit: 1613 

DETAILED ACTION 

Page 2 

A request for continued examination under 37 CFR 1 .114, including the fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1 .114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1 .114. Applicant's submission filed on 5/2/11 

has been entered. 

Claims 1-19 have been cancelled and claims 20-27 are new. Claims 20-27 are pending 

and under examination. 

Information Disclosure Statement 

The information disclosure statements (IDS) submitted on 5/2111 and 5/3111 were filed 

after the mailing date of the Office Action on 11/02110. The submission is in compliance with 

the provisions of 37 CPR 1.97. Accordingly, the information disclosure statement is being 

considered by the examiner to the extent that English language translations, abstracts or 

relevance has been provided for foreign references. References without a date have not been 

considered and a line has been drawn through the reference. 

Withdrawn rejections: 
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Application/Control Number: 12/820,866 

Art Unit: 1613 

Page 3 

Applicant's amendments and arguments filed 5/2111 are acknowledged and have been 

fully considered. Any rejection and/or objection not specifically addressed below is herein 

withdrawn. Since Applicant has cancelled all previously rejected claims, then all previous claim 

rejections have been rendered moot and are withdrawn. 

The following rejections and/or objections are either reiterated or newly applied. They 

constitute the complete set of rejections and/or objections presently being applied to the instant 

application. 

Specification 

The disclosure is objected to because of the following informalities: The attempt to 

incorporate subject matter into the specification by reference to INOmax® is defective because 

the subject matter being incorporated into the claims must also be present in the specification. 

The same exact language is not present in the specification as used in the claims. See MPEP 

608.01(p). 

The incorporation by reference will not be effective until correction is made to comply 

with 37 CPR 1.57 (b), (c), or (d). If the incorporated material is relied upon to meet any 

outstanding objection, rejection, or other requirement imposed by the Office, the correction must 

be made within any time period set by the Office for responding to the objection, rejection, or 

other requirement for the incorporation to be effective. Compliance will not be held in abeyance 

with respect to responding to the objection, rejection, or other requirement for the incorporation 
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Application/Control Number: 12/820,866 

Art Unit: 1613 

Page 4 

to be effective. In no case may the correction be made later than the close of prosecution as 

defined in 37 CPR 1.114(b ), or abandonment of the application, whichever occurs earlier. 

Any correction inserting material by amendment that was previously incorporated by 

reference must be accompanied by a statement that the material being inserted is the material 

incorporated by reference and the amendment contains no new matter. 37 CPR 1.57(f). 

Appropriate correction is required. 

Claim Rejections- 35 USC§ 112 

The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

Claim 24 is rejected under 35 U.S.C. 112, first paragraph, as failing to comply with the 

written description requirement. The claim(s) contains subject matter which was not described 

in the specification in such a way as to reasonably convey to one skilled in the relevant art that 

the inventor(s), at the time the application was filed, had possession of the claimed invention. 

Claim 24 introduces new matter as the claim recites the limitation: "a pressurized cylinder 

containing nitric oxide and one or more inert gases" There is no support in the specification for 

this limitation. The limitation of: " a pressurized cylinder containing nitric oxide and one or more 

inert gases" was not described in the specification as filed, and person skilled in the art would not 

recognize in the applicant's disclosure a description of the invention as presently claimed. The 

specification discloses "a gaseous blend ofNO and nitrogen ... cylinders as a compressed gas 
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Application/Control Number: 12/820,866 

Art Unit: 1613 

Page 5 

under high pressure" [0021] but does not describe the instantly claimed limitation. There is no 

guidance in the specification to select "a pressurized cylinder containing nitric oxide and one or 

more inert gases" which is broader in scope and represents a new concept. From MPEP 2163.06: 

"Applicant should therefore specifically point out the support for any amendments made to the 

disclosure." Applicant has not directed the Examiner to the support in the specification for the 

amendments. Therefore, it is the Examiner's position that the disclosure does not reasonably 

convey that the inventor had possession of the subject matter of the amendment at the time of 

filing of the instant application. 

Claim Rejections- 35 USC§ 112 

The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

Claims 25-27 are rejected under 35 U.S.C. 112, second paragraph, as being indefinite for 

failing to particularly point out and distinctly claim the subject matter which applicant regards as 

the invention. Claims 25 and 27 recite "children" but the method is drawn to "term or near-term 

neonates" which is a different patient population. While Applicant defines "children" to include 

those being around 4 weeks to 18 years of age [0023], the claim is internally inconsistent as a 

'term or near-term neonate' does not embrace up to 18 years of age. This is especially 

problematic when the second risk factor is based on children, which can include 18 year olds, 

and not term or near-term neonates. Claim 26 is rejected as indefinite because it is based on an 

indefinite base claim. The claims will be examined as they read on term or near term neonates. 
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Application/Control Number: 12/820,866 

Art Unit: 1613 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

Page 6 

(a) A patent may not be obtained tbough tbe invention is not identically disclosed or described as set fortb in section 102 of tbis title, if tbe 
differences between tbe subject matter sought to be patented and tbe prior art are such tbat the subject matter as a whole would have been 
obvious at tbe time tbe invention was made to a person having ordinary skill in tbe art to which said subject matter pertains. Patentability 
shall not be negatived by the manner in which tbe invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 

(1966), that are applied for establishing a background for determining obviousness under 35 

U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating obviousness 

or nonobviousness. 

Claims 20-27 are rejected under 35 U.S.C. 103(a) as being unpatentable over Atz et al. 

(Seminars in Perinatology 1997, 21(5), pp 441-455) and Kinsella et al. (The Lancet 1999, 354, 

1061-1065) and Loh et al. (Circulation 1994, 90, 2780-2785). 

This application currently names joint inventors. In considering patentability of the 

claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 

claims was commonly owned at the time any inventions covered therein were made absent any 

evidence to the contrary. Applicant is advised of the obligation under 37 CPR 1.56 to point out 

the inventor and invention dates of each claim that was not commonly owned at the time a later 

invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 

and potential35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 
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Application/Control Number: 12/820,866 

Art Unit: 1613 

Applicants claims, for example: 

~!Har--!,~m tK~~m<~t<1 pat:<:nt, of ore or mom adverse eWcnl:s or setimJ:> m:lv<~me mr~mtr. 

associated '>•li-th .E~ m~::l:c-al tr~~~~m~nt comprisi'1'9 tflh~l!at;on of nitfic o>;~je. :;~lid rr;etho..-:1 

axnpfisong •• 
(a) identifying ~; patient 1n need of inlt<lloo <1l!rtc oxkk-, !reatment; 

(b) :<lentify:ng if Sflid patient hes a first c~dition, s;;id first tXit'ldiik'ln l)eir:g wtere 

th-e p<J!i~mt i<> kr1own to be depe:-!dent on right-to-~eft ~Jb:.mtlnfJ of blood; 

(c) iu;·tl'Hlr inentifying ii said patient hss s s~::coffd condih:m, salct second cond~tion 

be~ng prt'Hlxi:st:r:g left ventric:;:ar dy'::<i:J:1cti<:m, independent an ... i separate fron> wnelt!er 

sskl p<WI'.!nt is !:lepen:(~fll on r:ghHo-IMt stH-!rl\in~J of t;!(x_l(): and 

(d) adminlsror1ng smd intH<led nitric oxide trea~ment to sai:d patient If s;":-d ~«>ti(lnt 

does no! l:mve the lil"\:<i cond~lkm o:- the ~>ewf!f.i condition. 

Determination of the scope and content of the prior art 

(MPEP 2141.01) 

Page 7 

Atz et al. teach methods using inhaled nitric oxide in the neonate with cardiac disease, 

hence an identified patient in need of nitric oxide treatment, (title and Abstract) which 

intrinsically provides pharmaceutically acceptable NO gas for inhalation to a medical provider to 

provide to the patient. Atz et al. warn that sudden pulmonary vasodilation may produce 

pulmonary edema (page 452, left column). Atz et al. teach that: "Caution should be exercised 

when administering NO to patients with severe left ventricular dysfunction and pulmonary 

hypertension." (page 452, left column). Since pulmonary hypetension is instantly claimed, then 

the subject intrinsically has hypoxic respiratory failure. Atz et al. continues with: "Therefore, in 

newborns with severe left ventricular dysfunction, predominantly left to right shunting at the 

foramen ovale and exclusively right to le(t shunting at the ductus arteriosus, NO should be used 

with extreme caution, if at all. We and others have reported adverse outcomes in this 
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circumstance." (page 452, left column) (Examiner added emphasis). Artz et al. thus identify 

conditions in the patients which is screening of the patient. Thus, Atz et al. fairly teaches 

excluding patients which include neonates with left ventricular dysfunction from inhaled NO 

treatment because the Examiner interprets "if at all" to mean no treatment and hence exclusion 

from treatment. The left ventricular dysfunction is intrinsically pre-existing. 

To summarize, the methods disclosed by Atz et al. are interpreted to mean: 

• identifying a patient eligible for NO treatment; 

• diagnosing/identifying if the patient has left ventricular dysfunction; 

• excluding that patient with left ventricular dysfunction from treatment with NO 

but treating the patient with NO for other conditions discussed by Atz et al. with 

inhalation of NO thereby reducing the risk of adverse events associated with the 

medical treatment. 

Atz et al. teach neonates with pulmonary hypertension (Abstract and page 442, left 

column to right column) and it is irrelevant to the Examiner as to how the pulmonary 

hypertension was diagnosed whether by echocardiographic evidence or clinical evidence. The 

fact that matters is that the hypertension is diagnosed in the patient population. 

Kinsella et al. teach excluding patients (premature neonates) from inhaled nitric oxide 

treatment if they have fatal congenital anomalies or congenital heart disease (Abstract and page 

1062, Methods). Since left ventricular dysfunction is a congenital heart disease, as acknowledged 

by Applicant, (see specification [0028]), and it would be pre-existing, then the methods of 

Kinsella et al. intrinsically exclude this patient population from the method. The patients also had 

pulmonary hypertension which would be associated with the cardiac function (Abstract). Thus, 
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one or more adverse events are reduced in the neonates excluded from the method. The neonate 

must breathe oxygen to survive. Furthermore, if the patients are already excluded then any 

further limitations on the treatment are truly irrelevant. The intended patient population is 

intrinsically at risk of one or more adverse events. Patients are intrinsically identified for nitric 

oxide inhalation treatment, diagnosed for congenital heart disease which intrinsically includes 

left ventricular dysfunction, and if the patient meets the criteria than treatment with NO is 

performed thereby reducing the risk of adverse events associated with the treatment. The neonate 

must breathe oxygen to survive. 

Loh et al. teach that inhaled nitric oxide in patients with left ventricular dysfunction may 

have adverse effects in patients with LV failure (Title and Abstract). Loh et al. clearly teaches 

that patients with pulmonary artery wedge pressure, which is synonymous with the instantly 

claimed pulmonary capillary wedge pressure, ofgreater than or equal to 18 mm Hg had a 

greater effect of inhaled NO due to the greater degree of reactive pulmonary hypertension 

present in such patients (page 2784, left column). Loh et al. state: "Since the degree ofreactive 

pulmonary hypertension is generally related to the severity ofhemodynamic compromise in 

patients with LV failure, it might be anticipated that patients with more severe heart failure will 

have a more marked hemodynamic response to inhaled NO." Loh et al. examined this prediction 

further and verified it (page 2784, left column). 

Ascertainment of the difference between the prior art and the claims 

(MPEP 2141.02) 
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1. The difference between the instant application and Atz et al. is that Atz et al. do not 

expressly teach identifying patients with a second condition/risk factor and administering iNO to 

patients that do not have the first or second condition/risk factors of instant claims 20-27 and 

inform the medical provider that patients with a pulmonary capillary wedge pressure greater than 

20 mm Hg that may increase pulmonary edema. This deficiency in Atz et al. is cured by the 

teachings of Kinsella et al. and Loh et al. 

Finding of prima facie obviousness 

Rational and Motivation (MPEP 2142-2143) 

1. It would have been obvious to one of ordinary skill in the art at the time the claimed 

invention was made to perform the method of Atz et al. and identify patients with a second 

condition/risk factor and administer iNO to patients that do not have the first or second 

condition/risk factors of instant claims 20-27 and inform the medical provider that patients with a 

pulmonary capillary wedge pressure greater than 20 mm Hg that may increase pulmonary edema, 

as suggested by Loh et al., and Kinsella et al., and produce the instant invention. 

One of ordinary skill in the art would have been motivated to do this because: 1) it is 

common sense that if the neonate is healthy then iNO therapy can be performed safely; 2) if the 

neonate is not healthy and has left ventricular dysfunction (LVD), then Atz et al. clearly teach 

using extreme caution or not using NO at all in the treatment of patients with L VD which would 

also render obvious all conditions/risk factors associated with LVD; and 3) the art of Kinsella et 

al. establishes excluding certain patients (premature neonates) from inhaled nitric oxide 
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treatment if they have fatal congenital anomalies or congenital heart disease. Thus it is no stretch 

of the imagination to exclude patients with L VD, with right to left shunting of the blood or with 

or without the myriad number of other conditions/risk factors independent and separate from the 

first risk factor, such as in instant claim 26, characterized by various medical parameters claimed 

by Applicant from inhaled nitric oxide therapy in order to avoid adverse outcomes as taught by 

Atz et al. which intrinsically include all the adverse events recited by Applicant including 

pulmonary edema as discussed above. The ordinary artisan would err on the side of caution for 

the benefit of the patient. 

Furthermore, it is already known through the teachings of Loh et al. that a pulmonary 

capillary wedge pressure (PCWP) of greater than 18 mg Hg serves as a guidepost for alerting the 

artisan to adverse events from inhaled NO. Thus, it is not inventive to exclude patients with a 

PCWP of greater than 20 mm Hg when the art already suggests the risk of trouble of treating 

patients with a PCWP of 18 mm Hg because inhaled NO increases the wedge pressure as taught 

by Loh et al. (see entire document). 

In summary, it remains the position of the Examiner, which is in alignment with the 

written opinion of the international search authority, that it is simply not inventive to 'inform' a 

medical provider that a neonate with L VD is at risk of adverse/serious adverse events from iNO 

therapy when the art already has established that fact and the ordinary artisan is alerted to this 

fact. /(the patient has LVD then they are at risk o(adverse and/or serious adverse events (rom 

iNO therapy and it is not inventive to further identify other secondary conditions/risk (actors 

associated with LVD and provide further warnings (or secondary conditions/risk (actors that are 

separate and independent (rom the first condition/risk (actor but nevertheless associated with 
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adverse/serious adverse effects from medical treatment o(iNO is obvious given the teachings 

above. Respectfully, the instantly claimed method steps are in the realm of common sense and 

not in the realm of invention because it is already known in the art that patients with pre-existing 

LVD are at risk of adverse effects from iNO. It is obvious to the ordinary artisan that if the 

neonate has L VD with or without any number of conditions/risk factors, then in order to avoid 

the risk of adverse or serious adverse events associated with iNO, to then exclude the neonate 

from iNO therapy. In other words, given the art as a whole, determination of further 

conditions/risk factors that would exclude the neonate from iNO therapy is obvious given the 

teachings in the art as discussed above which direct the artisan to screen neonates about to 

undergo treatment with NO by inhalation and to exclude those with L VD from such treatment. 

In light of the forgoing discussion, the Examiner concludes that the subject matter 

defined by the instant claims would have been obvious within the meaning of 35 USC 103(a). 

From the teachings of the references, it is apparent that one of ordinary skill in the art 

would have had a reasonable expectation of success in producing the claimed invention. 

Therefore, the invention as a whole was prima facie obvious to one of ordinary skill in the art at 

the time the invention was made, as evidenced by the references, especially in the absence of 

evidence to the contrary. 

Response to Arguments: 

The Examiner has considered Applicants arguments as they pertain to the previous 

rejections of record. This is a new rejection of record and arguments directed to the previous 

rejections of record are now moot since those rejections have been rendered moot by the 
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cancellation of all previously pending claims and introduction of all new claims. As to Atz, the 

Examiner cannot agree with Applicant that Atz is directed to adults as Atz clearly discusses 

neonates as well. Furthermore, Atz clearly discusses a right to left shunting of blood which is the 

same limitation instantly claimed. As to Kinsella, the Examiner is not relying on Kinsella for 

teaching iNO in non-adult patients having pre-existing L VD as discussed above. As to Loh, the 

Examiner is not relying on Loh for teaching administration of iNO in children but rather the 

correlation between PCWP and iNO. As to the INOT22 study, the exclusion criteria was 

amended to exclude subjects with pre-existing LVD, subjects with a baseline PCWP>20 mm Hg 

(pages 19-20 of 27 in Remarks), which is in accordance with the knowledge in the art as 

discussed above. The expected result is a decreased rate of serious adverse events by excluding 

such patients which is simply common sense. 

Applicant asserts that it requires extraordinary skill to recognize the risk of adverse or 

serious adverse events associated with the use of iNO in study subjects with pre-existing LVD. 

Respectfully, the Examiner cannot agree because there is clear and convincing evidence of 

increased risk of adverse or serious adverse events associated with the use of iNO in study 

subjects with pre-existing L VD as discussed in the rejection above. 

Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created doctrine 

grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or 

improper timewise extension of the "right to exclude" granted by a patent and to prevent possible 
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harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection 

is appropriate where the conflicting claims are not identical, but at least one examined 

application claim is not patentably distinct from the reference claim(s) because the examined 

application claim is either anticipated by, or would have been obvious over, the reference 

claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re 

Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 

USPQ 645 (Fed. Cir. 1985); In re VanOrnum, 686 F.2d 937,214 USPQ 761 (CCPA 1982); In re 

Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 

USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CPR 1.321(c) or 1.321(d) may 

be used to overcome an actual or provisional rejection based on a nonstatutory double patenting 

ground provided the conflicting application or patent either is shown to be commonly owned 

with this application, or claims an invention made as a result of activities undertaken within the 

scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal 

disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CPR 

3.73(b). 

1. Claims 20-27 are provisionally rejected on the ground of nonstatutory obviousness-

type double patenting as being unpatentable over claims 21-28 of copending Application No. 

12/820980. Although the conflicting claims are not identical, they are not patentably distinct 

from each other because the instant subject matter embraces or is embraced by the subject matter 

of the copending subject matter. Both applications are drawn to methods of reducing one or more 
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adverse events in a patient population by excluding from treatment anyone with pre-existing left 

ventricular dysfunction. 

The copending application does not expressly teach near-term neonates or neonates. 

However the copending broadly teaches children patient population which would include 

neonates and near-term neonates as clearly neonates are children. The instant specification 

defines 'children' as being 4 weeks old [0023] which would include newborn and hence 

neonatal. 

Therefore one of ordinary skill in the art would have recognized the obvious variation of 

the instant application over the copending application. 

This is a provisional obviousness-type double patenting rejection because the conflicting 

claims have not in fact been patented. 

2. Claims 20-27 are provisionally rejected on the ground of nonstatutory obviousness-

type double patenting as being unpatentable over claims 21-30 of copending Application No. 

12/821020. Although the conflicting claims are not identical, they are not patentably distinct 

from each other because the instant subject matter embraces or is embraced by the subject matter 

of the copending subject matter. Both applications are drawn to methods of reducing one or more 

adverse events in a patient population by excluding from treatment anyone with pre-existing left 

ventricular dysfunction. 

The copending application does not expressly teach the intended population as having 

one or more conditions. 

However the copending application is drawn to the same patient population which 

intrinsically has one or more conditions/risk factors as instantly claimed. 
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Therefore one of ordinary skill in the art would have recognized the obvious variation of 

the instant application over the copending application. 

This is a provisional obviousness-type double patenting rejection because the conflicting 

claims have not in fact been patented. 

3. Claims 20-27 are provisionally rejected on the ground of nonstatutory obviousness-

type double patenting as being unpatentable over claims 21-29 and 37 of copending Application 

No. 12/821041. Although the conflicting claims are not identical, they are not patentably distinct 

from each other because the instant subject matter embraces or is embraced by the subject matter 

of the copending subject matter. Both applications are drawn to methods of reducing one or more 

adverse events in a patient population by excluding from treatment anyone with pre-existing left 

ventricular dysfunction. 

The copending application does not expressly teach the intended population as having 

one or more conditions. 

However the copending application is drawn to the same patient population which 

intrinsically has one or more conditions/risk factors as instantly claimed. 

Therefore one of ordinary skill in the art would have recognized the obvious variation of 

the instant application over the copending application. 

This is a provisional obviousness-type double patenting rejection because the conflicting 

claims have not in fact been patented. 

Conclusion 
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Applicant is reminded that for any amendments to the claims (including any new claim) 

that is not encompassed by the preexamination search and accelerated examination support 

documents previously filed, applicant is required to provide updated preexamination search and 

accelerated examination support documents that encompass the amended or new claims at the 

time of filing the amendment. Failure to provide such updated preexamination search and 

accelerated examination support documents at the time of filing the amendment will cause the 

amendment to be treated as not fully responsive and not to be entered. See MPEP § 708.02(a) 

subsection VIII.D. for more information. 

If the reply is not fully responsive, the final disposition of the application may occur later 

than twelve months from the filing of the application. 

Any reply or other papers must be filed electronically via EFS-Web so that the papers 

will be expeditiously processed and considered. If the papers are not filed electronically via 

EFS-Web, the final disposition of the application may occur later than twelve months from the 

filing of the application. 

Any reply to this communication filed via EFS-Web must include a document that is filed 

using the document description of "Accelerated Exam - Transmittal amendment/reply." 

Applicant is reminded to use proper indexing for documents to avoid any delay in processing of 

follow on papers. Currently document indexing is not automated in EFS-Web and applicant 

must select a particular document description for each attached file. An incorrect document 

description for a particular file may potentially delay processing of the application. A complete 
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Any payment of fees via EFS-Web must be accompanied by selection of a proper fee 

code. An improper fee code may potentially delay processing of the application. Instructions on 

payment of fees via EFS-Web are available at http://www.uspto.gov/ebc/portal/efs/quick-

start.pdf. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ERNST V. ARNOLD whose telephone number is (571)272-

8509. The examiner can normally be reached on M-F 7:15-4:45. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Brian Kwon can be reached on 571-272-0581. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Ernst V Arnold/ 
Primary Examiner, Art Unit 1613 
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Amendments to the Specification: 

Attorney's Docket No.: IOOI-0002USCI 

Replace paragraph [0020) with the following amended paragraph: 

[0020] INOmax® (nitric oxide) for inhalation was approved for sale in the United States by 

the U.S. Food and Drug Administration ("FDA") in 1999. Nitric oxide, the active substance in 

INOmax®, is a selective pulmonary vasodilator that increases the partial pressure of arterial 

oxygen (Pa02) by dilating pulmonary vessels in better ventilated areas of the lung, redistributing 

pulmonary blood flow away from the lung regions with low ventilation/perfusion (V /Q) ratios 

toward regions with normal ratios. INOmax® significantly improves oxygenation, reduces the 

need for extracorporeal oxygenation and is indicated to be used in conjunction with ventilatory 

support and other appropriate agents. The current FDA-approved prescribing information for 

INOmax® is incorporated herein by reference in its entirety. Section 4 of the prescribing 

information, Contraindications, states that INOmax® is contraindicated in the treatment of 

neonates known to be dependent on right-to-left shunting of blood. 
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Amendments to the Claims 

Attorney's Docket No.: 100 I-0002USC I 

This listing of claims replaces all prior versions and listings of claims in the application. 

Listing of Claims: 

1-27. (Canceled) 

28. (New) A method of reducing the risk of occurrence, in a term or near-term 

neonate patient, of one or more adverse events or serious adverse events associated with a 

medical treatment comprising inhalation of nitric oxide gas, said method comprising: 

(a) identifying a term or near-term neonate patient in need of inhaled nitric oxide 

treatment, wherein the patient is not known to be dependent on right-to-left shunting of blood; 

(b) determining that the patient identified in (a) has pre-existing left ventricular 

dysfunction; and 

(c) excluding the patient from inhaled nitric oxide treatment based on the 

determination that the patient has pre-existing left ventricular dysfunction. 

29. (New) The method of claim 28, wherein the patient has pulmonary hypertension. 

30. (New) The method of claim 28, wherein the patient has a pulmonary capillary 

wedge pressure that is greater than or equal to 20 mm Hg. 

31. (New) The method of claim 28, wherein the patient is a term neonate. 

32. (New) A method of reducing the risk of occurrence, in a term or near-term 

neonate patient, of one or more adverse events or serious adverse events associated with a 

medical treatment comprising inhalation of nitric oxide gas, said method comprising: 
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(a) identifying a term or near-term neonate patient in need of inhaled nitric oxide 

treatment, wherein the patient is not known to be dependent on right-to-left shunting of blood; 

(b) determining by diagnostic screening that the patient identified in (a) has pre-

existing left ventricular dysfunction; and 

(c) excluding the patient from treatment with inhaled nitric oxide based on the 

determination that the patient has pre-existing left ventricular dysfunction. 

33. (New) The method of claim 32, wherein the diagnostic screening comprises 

echocardiography. 

34. (New) The method of claim 32, wherein the patient has pulmonary hypertension. 

35. (New) The method of claim 32, wherein the patient has a pulmonary capillary 

wedge pressure that is greater than or equal to 20 mm Hg. 

36. (New) The method of claim 32, wherein the patient is a term neonate. 

3 7. (New) A method of reducing the risk of occurrence, in a plurality of term or near-

term neonate patients, of one or more adverse events or serious adverse events associated with 

medical treatment comprising inhalation of nitric oxide gas, said method comprising: 

(a) identifying a plurality of term or near-term neonate patients who are in need of 

inhaled nitric oxide treatment, wherein the patients are not known to be dependent on right-to­

left shunting of blood; 

(b) determining that a first patient of the plurality has pre-existing left ventricular 

dysfunction and a second patient of the plurality does not; 

(c) administering the inhaled nitric oxide treatment to the second patient; and 

(d) excluding the first patient from treatment with inhaled nitric oxide, based on the 

determination that the first patient has pre-existing left ventricular dysfunction. 
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38. (New) The method of claim 37, wherein the first and second patients have 

pulmonary hypertension. 

39. (New) The method of claim 37, wherein the second patient has congenital heart 

disease. 

40. (New) The method of claim 37, wherein the first patient has a pulmonary 

capillary wedge pressure that is greater than or equal to 20 mm Hg. 

41. (New) The method of claim 37, wherein the first and second patients are term 

neonates. 

42. (New) The method of claim 37, wherein determining that the first patient of the 

plurality has pre-existing left ventricular dysfunction and the second patient of the plurality does 

not have pre-existing left ventricular dysfunction comprises diagnostic screening. 
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REMARKS 

The above amendment cancels all of the pending claims and adds new claims 28-42. The 

new claims are supported throughout the specification and claims as originally filed. For 

example, the concept of a "plurality" of patients in new claim 3 7 is supported by the discussion 

of"patients" (plural) at paragraph [0004] and "a patient population" at paragraph [0007]. 

Paragraph [0007] also supports the recitation in claim 3 7 of a first patient who is determined to 

have left ventricular dysfunction and so is excluded from treatment with inhaled nitric oxide. 

The claim 3 7 recitation of a second patient who is determined not to have left ventricular 

dysfunction and is administered inhaled nitric oxide is supported, e.g., at paragraph [0008]. (Of 

course, the terms "first" and "second" in claim 37 are merely standard linguistic devices useful to 

distinguish between two patients, and do not imply any particular temporal order.) The 

remaining limitations of claim 37 and of the other new claims are supported throughout the 

specification and original claims, e.g. at paragraphs [0004], [0007], [0008], [0012], [0018], 

[0020] (as amended), [0028], [0033], [0051], and [0052]. No new matter has been added. 

Applicants believe that the subject matter of the present claims is encompassed by the 

accelerated examination support documents already on file for this application, so that an 

updated accelerated examination support document should not be needed. 

Information Disclosure Statements 

The Office action dated June 8, 2011 (the "Office action") states at page 2 that certain 

references cited in previously-filed information disclosure statements were not considered and 

their citations were lined-through on the information disclosure statement because the citations 

did not include dates. The enclosed new information disclosure statement includes complete 

citations for those references. As copies of the previously-submitted references are already of 

record, new copies are not being submitted. Applicants will supply new copies if requested. 

Consideration of the cited references is respectfully requested. 
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Objection to Specification 

Attorney's Docket No.: 100 1-0002USC I 

The Office action at pages 3-4 objects to the specification, alleging that the attempt to 

incorporate subject matter into the specification by reference is defective. In the Reply filed 

with an Request for Continued Examination on May 2, 2011, Applicants had requested that 

paragraph (0020] of the specification be amended to include certain language quoted from the 

FDA-approved prescribing information for INOmax®. That Applicants are entitled to do so is 

clear, because the specification as originally filed included the statement, "The current FDA­

approved prescribing information for INOmax® is incorporated herein by reference in its 

entirety." See paragraph [0020] in the original specification. Applicants understand the current 

objection to the specification to be based on the requirement under 37 CFR 1.57(t) that the 

amendment inserting material in the specification be accompanied by a statement that the 

material being inserted is the material incorporated by reference and the amendment contains no 

new matter. In fact, such a statement appeared in the Reply filed May 2, 2011. See the first 

paragraph of the Remarks on page 6 of that Reply. 

Because the amendment to paragraph (0020] in the Reply filed May 2, 2011, was 

apparently not entered, it is repeated in the present amendment above. The amendment adds the 

following language to [0020]: "Section 4 of the prescribing information, Contraindications, 

states that INOmax® is contraindicated in the treatment of neonates known to be 

dependent on right-to-left shunting of blood." The requisite Statement under 37 CFR 1.57(t) 

is being tiled concurrently herewith, along with a copy of the US Food & Drug Administration 

(FDA)-approved prescribing information for INOmax® that was current as of the June 30, 2009, 

priority date (included in the accompanying Information Disclosure Statement and as Exhibit 1 

of the Statement under 37 CFR 1.57(t). The language incorporated by reference is quoted from 

the second page of the prescribing information, left paragraph, Section 4. New independent 

claims 28, 32, and 37 include a limitation based on the material incorporated by reference: 

"wherein the patient(s) is/are not known to be dependent on right-to-left shunting of 

blood." 
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If something more is needed to effect this amendment, the Examiner is respectfully asked 

to clarify. 

Rejection under 35 USC§ 112. first paragraph 

Claim 24 was rejected under 35 USC§ 112, first paragraph, as allegedly failing to 

comply with the written description requirement due to recitation of"a pressurized cylinder 

containing nitric oxide and one or more inert gases." Claim 24 has been canceled. As none of 

the currently pending claims recites that limitation, the rejection is now moot. 

Rejection under 35 USC§ 112. paragraph 2 

Claims 25-27 were rejected under 35 USC§ 112, second paragraph, as being indefinite 

for reciting "children." Claims 25-27 have been canceled and none of the currently pending 

claims recites "children," rendering the rejection moot. 

Rejection under 35 USC § 1 03(a) 

Claims 20-27 were rejected as obvious over Atz & Wessel (Seminars in Perinatology 

1997, 21 (5), 441-455), Kinsella et al. (The Lancet 1999, 354, 1061-1 065) and Loh et al. 

(Circulation 1994,90, 2780-2785). Claims 20-27 are canceled above for reasons unrelated to 

this rejection, rendering the rejection moot as to them. The new claims explicitly require a step 

of excluding from therapy with inhaled nitric oxide neonates with left ventricular dysfunction 

who are not known to be dependent on right-to-left shunting of blood. To the extent the rejection 

may be applied to the new claims now pending in the application, applicants emphatically 

traverse. 

The prima facie obviousness rejection elaborated in the Office action is based on a 

scientifically flawed misreading of the three cited references. Furthermore, the rejection 

improperly fails to give due regard to the powerful objective evidence that is present in this case, 

where none of the many experts who reviewed and approved the initial study protocol for the 
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INOT22 study raised any concern about including pediatric patients with left ventricular 

dysfunction who are not dependent on right-to-left shunting of blood, and where the U.S. Food & 

Drug Administration (FDA), when informed of the present invention, required that the label for 

inhaled nitric oxide therapy include an additional warning about the risk for pediatric patients 

with left ventricular dysfunction who are not known to depend on right-to-left shunting, as first 

taught by the present inventors. 

To further underscore the nonobviousness of the presently claimed subject matter, 

applicants submit herewith additional factual evidence directly contradicting the Examiner's 

interpretation of the references: 

(a) A letter from Dr. David L. Wessel stating that neither the Atz & Wessel article, 

nor the medical literature, taught that a pediatric patient with left ventricular 

dysfunction who is not dependent on right-to-left shunting of blood would be at 

additional risk when treated with inhaled NO. Further, Dr. Wessel states that it is 

ironic that his own publication would be cited to suggest that such a risk would 

have been obvious to predict the unexpected adverse events within the INOT22 

study when he, the senior author of the publication, failed to anticipate or predict 

these unexpected outcomes when assisting in the drafting of the original INOT22 

protocol; 

(b) Evidence that when Dr. Wessel and over 115 other medical experts individually 

reviewed the original INOT22 study protocol, none of them - not a single one -

raised any concern regarding the potential for severe adverse events in pediatric 

patients with left ventricular dysfunction who are not dependent on right-to-left 

shunting of blood; and 

(c) An elucidation by Douglas A. Greene, M.D., of the scientific concepts behind the 

passages of the cited references on which the obviousness rejection relies, 

thoroughly explaining why one of ordinary skill in the art would not have 

interpreted these passages as does the Examiner. 
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New claims 28, 32, and 3 7 are independent. Claim 28 reads as follows: 

28. A method of reducing the risk of occurrence, in a tenn or near-tenn 
neonate patient, of one or more adverse events or serious adverse events 
associated with a medical treatment comprising inhalation of nitric oxide gas, said 
method comprising: 

(a) identifying a tenn or near-tenn neonate patient in need of inhaled 
nitric oxide treatment, wherein the patient is not known to be dependent on right­
to-left shunting of blood; 

(b) determining that the patient identified in (a) has pre-existing left 
ventricular dysfunction; and 

(c) excluding the patient from inhaled nitric oxide treatment based on 
the determination that the patient has pre-existing left ventricular dysfunction. 

Claim 32 is similar to claim 28, adding the phrase "by diagnostic screening" to step (b). 

Claim 37 reads as follows: 

37. (New) A method of reducing the risk of occurrence, in a plurality 
of term or near-tenn neonate patients, of one or more adverse events or serious 
adverse events associated with medical treatment comprising inhalation of nitric 
oxide gas, said method comprising: 

(a) identifying a plurality of tenn or near-term neonate patients who 
are in need of inhaled nitric oxide treatment, wherein the patients are not known 
to be dependent on right-to-left shunting of blood; 

(b) determining that a first patient of the plurality has pre-existing left 
ventricular dysfunction and a second patient of the plurality does not; 

(c) administering the inhaled nitric oxide treatment to the second 
patient; and 

(d) excluding the first patient from treatment with inhaled nitric oxide, 
based on the determination that the first patient has pre-existing left ventricular 
dysfunction. 
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With respect to the primary reference, Atz & Wessel, the Office action focuses on certain 

statements that appear in the section entitled "Severe Left Ventricular Dysfunction" at page 452, 

left column. Page 8 of the Office action provides the following summary of the Examiner's 

interpretation of Atz & Wessel's disclosures: 

"To summarize, the methods disclosed by Atz et al. are interpreted to mean: 
• identifying a patient eligible for NO treatment; 
• diagnosing/identifying if the patient has left ventricular dysfunction; 
• excluding that patient with left ventricular dysfunction from treatment with NO 

but treating the patient with NO for other conditions discussed by Atz et at. with 
inhalation of NO thereby reducing the risk of adverse events associated with the 
medical treatment." 

Applicants maintain that this summary does not accurately represent what Atz & Wessel 

actually disclosed. Rather than teach that all patients with left ventricular dysfunction (L VD) should 

be excluded from treatment with inhaled nitric oxide, as implied by the Examiner's summary, Atz & 

Wessel at page 452 discusses two distinct subsets of L VD patients who may be harmed in 

different ways when their pulmonary hypertension is reduced by treatment with inhaled nitric 

oxide. These two subsets of L VD patients are: 

(1) adults with severe L VD combined with pulmonary hypertension and ischemic 

cardiomyopathy; and 

(2) newborns with severe L VD combined with all of the following: pulmonary 

hypertension, predominantly left to right shunting at the foramen ovate and exclusively 

right-to-left shunting at the ductus arteriosus. 

Neither of these patient populations encompasses the newborns addressed in the present claims, 

which are specified as not being known to be dependent on a right-to-left shunt. 

Regarding the first patient population (i.e., adults with severe L VD combined with 

pulmonary hypertension and ischemic cardiomyopathy), Atz & Wessel says: 

"In adults with ischemic cardiomyopathy, sudden pulmonary vasodilation may 
occasionally unload the right ventricle sufficiently to increase pulmonary blood flow 
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and harmfully augment preload in a compromised left ventricle. The attendant 
increase in left atrial pressure may produce pulmonary edema." 

Note that this teaching from Atz & Wessel pertains solely to adults. 

Regarding the second patient population (i.e, newborns with severe L VD combined with 

pulmonary hypertension, predominantly left to right shunting at the foramen ovate and 

exclusively right-to-left shunting at the ductus arteriosus), Atz & Wessel states: 

"A different but related phenomenon may be operative in the newborn with severe 
left ventricular dysfunction and pulmonary hypertension. In these patients, the 
systemic circulation may depend in part on the ability of the right ventricle to sustain 
cardiac output through a right-to-left shunt across the patent ductus arteriosus. 
Selective pulmonary vasodilation may redirect the right ventricular output to the 
lungs and away from the systemic circulation. Therefore, in newborns with severe 
left ventricular dysfunction, predominantly left to right shunting at the foramen ovale 
and exclusively right-to-left shunting at the ductus arteriosus, NO should be used 
with extreme caution, if at all. We and others have reported adverse outcomes in this 
circumstance.'' 

Thus, Atz & Wessel warns that newborns who have severe LVD and are dependent on a 

right-to-left shunt across the patent (i.e., open) ductus arteriosus may be harmed, rather than helped, 

if their pulmonary hypertension is diminished by inhaled nitric oxide treatment. As explained in 

paragraphs 13-14 ofthe Declaration of Douglas A. Greene, M.D., under 37 CFR § 1.132, submitted 

as Appendix B with the Reply filed May 2, 20 II (the "First Greene Declaration"), the dysfunctional 

left ventricle in these newborns cannot do its usual task of pumping blood into the systemic 

circulation. The affected infant survives without a functioning left ventricle solely because his/her 

ductus arteriosus remains open after birth, permitting the right ventricle to take over the function of 

pumping blood through the patent ductus arteriosus into the systemic circulation, bypassing the left 

ventricle. This is referred to as a right-to-left shunt. Without this shunt through the patent ductus 

arteriosus, the patient may suffer systemic circulatory collapse. Pulmonary vasoconstriction actually 

plays a beneficial role in such infants by helping to maintain a post-natal high blood pressure in the 

pulmonary artery, which in turn helps keep the ductus arteriosus open and the blood flowing through 

the systemic circulation. If the newborn's pulmonary hypertension is reduced by treatment with 
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inhaled nitric oxide, the right ventricle will pump more blood into the newly dilated pulmonary 

circulation and less into the systemic circulation; also, the reduced pressure in the pulmonary artery 

may mean the ductus arteriosus will close, cutting off the right-to-left shunt altogether. Atz & 

Wessel put it this way: "Selective pulmonary vasodilation may redirect the right ventricular 

output to the lungs and away from the systemic circulation." 

Therefore, the warnings of Atz & Wessel about inhaled NO treatment of patients with L VD 

are limited to (I) adult LVD patients who have cardiomyopathy and may suffer pulmonary edema if 

treated with inhaled nitric oxide; and (2) newborn L VD patients who are known to be dependent on a 

right-to-left shunt across the patent ductus arteriosus and may suffer collapse of their systemic 

circulation if treated with inhaled nitric oxide. Contrary to the Office action's summary of Atz & 

Wessel quoted above, Atz & Wessel does not teach, not even by implication, that any and all patients 

diagnosed as having L VD should be excluded from treatment with inhaled NO. In fact, it is clear 

that the warning in Atz & Wessel regarding excluding certain newborns is based upon their 

dependence on right-to-left shunt in conjunction with L VD (since that warning focuses on the danger 

of abrogating the right-to-left shunt by redirecting blood to the lungs and away from the systemic 

circulation in these newborns), and not because ofthe LVD itself. Atz & Wessel's teachings 

regarding such newborns would not apply to newborns who have severe L VD but are not known to 

be dependent on a right-to-left shunt across the patent ductus arteriosus. That is the category of 

patients to which the presently claimed methods are limited. If the authors of Atz & Wessel had been 

aware that newborns with severe L VD who are not dependent on a right-to-left shunt also are at 

increased risk for adverse events when treated with inhaled nitric oxide, or even had suspected that 

would be the case, one would expect them to mention it in their publication. In fact, the senior 

author of Atz & Wessel, Dr. David L. Wessel, 1 explicitly states in the letter to Dr. Douglas A. 

Greene, M.D., enclosed as Exhibit 2 of the Second Declaration of Douglas A. Greene, M.D., under 

37 CFR § 1.132 (attached as Appendix B, the "Second Greene Declaration"). In particular, in his 

letter, Dr. Wessel states that he and his co-author (Atz) "did not disclose or predict ••. that neonatal 

patients with left ventricular dysfunction who are not dependent on right-to-left shunting of 

blood would be at greater risk of adverse events." This directly contradicts the Examiner's 

1 Dr. Wessel's Curriculum Vitae is attached as Appendix A. 
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unduly broad interpretation of what Atz & Wessel discloses, undermining the factual basis for the 

entire prima facie obviousness rejection. 

Furthermore, one of ordinary skill in the art would not have extrapolated from what was 

disclosed in Atz & Wessel about adult LVD to an expectation about what would happen if neonates 

with L VD were treated with inhaled nitric oxide. That person of ordinary skill in the art would have 

realized that Atz & Wessel's teachings about adults with LVD and ischemic cardiomyopathy are not 

applicable to newborns with L VD, because it is well known that L VD in a newborn is very different 

from L VD associated with ischemic cardiomyopathy in an adult. See, e.g., the explanation of the 

differences between adult and newborn L VD provided in paragraphs 15-16 of the First Greene 

Declaration. "L VD" is not a single condition, but rather is a generic label applied to a left ventricle 

that does not function properly, regardless of what causes the dysfunction (e.g., congenital 

malformation, viral disease, or coronary artery disease, to name a few causes) and regardless of how 

the dysfunction is manifested (e.g., stiffness and inability to relax (diastolic dysfunction) or 

"flabbiness" and inability to contract (systolic dysfunction)). Atz & Wessel's teaching that 

treatment of pulmonary hypertension with inhaled NO can precipitate pulmonary edema in adults 

with L VD associated with ischemic cardiomyopathy and diastolic dysfunction tells one of ordinary 

skill in the art of cardiac disease nothing useful about whether inhaled NO can be used safely in 

newborns with L VD typical for newborns, e.g., associated with congenital heart disease and systolic 

dysfunction. 

This point is brought home in a very practical sense by a situation related by Dr. Wessel in 

his letter to Dr. Greene. Dr. Wessel was the Chair of the INOT22 Steering Committee that in 2005 

designed the original protocol for the INOT22 Study, the clinical trial that ultimately led to the 

presently claimed invention. According to Dr. Wessel's letter, 

"At the time of the design of the INOT22 Study protocol, neither myself, the other 
Steering Committee members, nor the study Sponsor appreciated or anticipated that a 
child with left ventricular dysfunction who is not dependent on right-to-left shunting 
of blood would be at additional risk when treated with inhaled nitric oxide (iNO). 
This is the reason such children were not originally excluded from the INOT22 Study 
entry criteria .... 

It is ironic that my own publication [i.e., Atz & Wessel] would be cited to suggest 
that it would have been obvious to predict the adverse events and outcomes of the 
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INOT22 Study when I, the senior author of Atz & Wessel, failed to anticipate or 
predict these unexpected outcomes at the time I participated in drafting the original 
INOT22 Study protocol. If so, I would have been acting either negligently or 
intentionally to harm babies, and I most certainly was not. Furthermore, to my 
knowledge, none of the other members of the INOT22 Steering Committee who 
assisted me in designing the study, nor the approximately 18 Institutional Review 
Boards and 2 National Health Authorities who reviewed and approved the study prior 
to its initiation, predicted the adverse events in children with left ventricular 
dysfunction who are not dependent on right-to-left shunting of blood. 

In summary, although it was known that neonates whose systemic circulation was 
dependent on right-to-left shunt should not receive iNO, and it had been reported that 
adults with pre-existing left ventricular dysfunction (from coronary artery disease) 
may be at risk when provided iNO, it was unanticipated and surprising that children 
with left ventricular dysfunction who are not dependent on right-to-left shunting 
would be at increased risk of adverse events when administered iNO." 

The evidence supplied by Dr. Wessel regarding the failure of multiple experts to predict that 

pediatric patients with left ventricular dysfunction who are not dependent on right-to-left shunting 

should be excluded from treatment with inhaled nitric oxide is fully corroborated by the Second 

Declaration of James S. Baldassarre, M.D., under 37 C.F.R. § 1.132 (attached as Appendix C; the 

"Second Baldassarre Declaration"). Dr. Baldassarre, one of the inventors of the present claims, 

explains in his declaration that the INOT22 study protocol was designed by the study sponsor (INO 

Therapeutics LLC) and a Steering Committee including internationally-recognized experts in the 

field of pediatric heart and lung disease. In addition, INO Therapeutics LLC regularly requested 

input and scientific guidance on clinical trials from its own Scientific Advisory Board. The original 

study protocol was reviewed by an Institutional Review Board (IRB) and/or Independent Ethics 

Committee (IEC) at each of the 18 participating study institutions, including review by the principal 

investigator within each study institution (a detailed explanation of the design, membership and 

responsibilities of an IRB and IEC are contained within paragraphs 9 and 10 ofthe Second 

Baldassarre Declaration). In addition, the original study protocol was reviewed by experts at FDA 

and each national Health Authority (European equivalent to FDA) within the four European countries 

participating in the INOT22 study (United Kingdom, France, Netherlands, and Spain). Neither the 

study sponsor, nor the experts on the Steering Committee, nor the principal investigators, nor the 

IRBs, nor the IECs, nor the Advisory Board members, nor the FDA experts, nor the European Health 
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Authority experts suggested that the exclusion criteria for the INOT22 study protocol be amended to 

exclude study subjects with pre-existing left ventricular dysfunction who are not dependent on right­

to-left shunt. Dr. Baldassarre estimates that the original study protocol was reviewed and approved 

by at least 115 experts, not one of whom raised an issue about potential risk to this population of 

patients. The Second Baldassarre Declaration also provides evidence that FDA, when infonned 

of the present invention, required that the label include an additional warning, separate and 

distinct from the existing contraindication, that inhaled nitric oxide "should not be used in 

treatment of neonates known to be dependent on right-to-left shunting of blood". If the new 

warning had been "obvious" to those of ordinary skill all along, FDA would have required it 

long ago. This is further objective evidence that the presently claimed methods would not have 

been obvious in view of the prior art. 

Applicants submit that this evidence provided by Dr. Wessel and Dr. Baldassarre 

conclusively establishes the nonobviousness of the presently claimed methods to those of ordinary 

skill. No physician who believed it "obvious" that inhaled nitric oxide treatment would be hannful to 

patients who have a particular condition would approve a study of inhaled nitric oxide that includes 

those patients. That is simply common sense. That multiple physicians who are experts in this field 

participated in designing, approving, and implementing the original protocol for the INOT22 Study, 

and none suggested excluding patients with L VD who were not dependent on right-to-left shunt, 

speaks volumes about the nonobviousness of the presently claimed methods. Furthermore, FDA did 

not require a warning regarding LVD be added to the INOmax® (nitric oxide) for inhalation 

prescribing information (i.e., the "label") until 2009, i.e., after the present inventors identified the 

problem (In contrast, the contraindication for neonates dependent on a right-to-left shunt has always 

appeared in the prescribing information for INOmax®). lfthe problem in LVD children had indeed 

been "obvious" to one of ordinary skill at the time Atz & Wessel was published in 1997, then FDA 

would have required the warning at that time, and would not have approved the INOT22 Study 

protocol as originally formulated. 

All of this objective evidence is countered by nothing more than the Examiner's subjective 

interpretation of what Atz &Wessel disclosed. The Examiner is engaging in impennissible 

hindsight reconstruction of the prior art by deeming obvious what none of the experts in this field 
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was able to recognize at the time of the present invention. Given that Atz & Wessel did not 

disclose what the Office action claims it disclosed, the rejection fails on this ground alone. 

The secondary references, Kinsella et al. and Loh et al., also do not support the rejection. 

The Office action at page 8 cites Kinsella et al. as teaching: 

" ... excluding patients (premature neonates) from inhaled nitric oxide treatment if 
they have fatal congenital anomalies or congenital heart disease .... Since left 
ventricular dysfunction is a congenital heart disease ... and it would be pre-existing, 
then the methods of Kinsella et al. intrinsically exclude this patient population from 
the method." 

As explained in the Second Declaration of Douglas A. Greene, M.D, paragraph 17, the 

patients included in the Kinsella et al. trial are differentiated from the term and near-term 

neonates of the present claims by age, etiology and pathophysiology. In particular, unlike the 

term and near-term neonates of the present claims, the premature neonates ("preemies") of 

Kinsella suffer from severe respiratory failure due to immature lungs and surfactant deficiency, 

not pulmonary hypertension. Indeed, none of the premature neonates enrolled in Kinsella et al. 

suffered from pulmonary hypertension. Thus, the patients included in Kinsella et al. were 

clinically dissimilar from the term and near-term neonates addressed in the present claims. 

Additionally, and more importantly, the exclusion of patients from a clinical study may 

occur for a variety of reasons other than safety concerns. While fatal congenital anomalies or 

congenital heart disease were indeed reported to be exclusion criteria for the Kinsella et al. study in 

premature infants, this does not mean the authors taught, or even hypothesized, that inhaling nitric 

oxide would be particularly risky for these or other patients with these congenital conditions. The 

exclusion criteria were most likely designed to eliminate variables (here, underlying potentially fatal 

conditions unrelated to the condition being studied) that would complicate interpretation of the trial 

results. As explained in paragraphs 18-20 ofthe Second Greene Declaration: 

"For example, clinical trial inclusion and exclusion criteria are often chosen to 
define or restrict the study population in order to maximize homogeneity, thereby 
minimizing the presence of potentially confounding factors. This exclusion 
greatly facilitates the interpretation of the study results, and increases the 
soundness of the conclusions reached in the study. Accordingly, patients with 
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background disease sufficiently severe to overwhelm or confound an expected 
treatment effect are systematically identified and excluded quite independently 
from considerations of anticipated safety or efficacy of the test article in this 
particular patient group For example, patients with malignancy are often 
excluded from non-oncologic clinical trials, not because the test agents are unsafe, 
pose any specific risk in this population, or will not work, but rather because the 
clinical results will be confounded by the wholly unrelated effects of the 
underlying malignancy, thereby reducing the power of the clinical trial to answer 
a specific hypothesis regarding the test treatment. As a specific example, 
exclusion of patients with malignancy or advanced heart failure from cholesterol 
lowering trials does not imply that statins are unsafe or ineffective in these 
patients, but rather that their inclusion would confound the potential effects of 
statins on overall mortality or cardiovascular events. In the specific case of 
Kinsella et al., it is clear that one of ordinary skill in the art would understand that 
the patients having fatal congenital anomalities or congenital heart disease were 
excluded not because of a suspected safety risk of treating these patients with 
inhaled NO (e.g., a risk of pulmonary edema), but rather solely because the 
inclusion of such patients would have made it much more difficult - if not 
impossible • for Kinsella et al. to interpret the target outcomes of the study (i.e., 
would have "confounded" the results)." 

That Dr. Greene's above-described view of Kinsella et al. is the view that would be shared by 

those of ordinary skill in the art upon reading Kinsella et al. is clear from other objective evidence. 

See, for example, Fraisse & Wessel, "Acute pulmonary hypertension in infants and children: cGMP­

related drugs," Pediatr Crit Care Med2010, Vol. 11, No.2 (Suppl.), pages S37-S40, a copy ofwhich 

is included in the accompanying Information Disclosure Statement. The abstract of this article states, 

"Inhaled nitric oxide is extremely efficacious in increasing cGMP and selectively reducing 

mean pulmonary arterial pressure in pediatric cardiac patients. It is considered standard 

treatment in most centers." See also the first full sentence in the middle column of page S37: 

"Inhaled NO is extremely efficacious in selectively reducing mean pulmonary arterial pressure 

(PAP) in cardiac patients and is considered standard treatment in most centers." These 

statements extolling the usefulness of inhaled nitric oxide in pediatric cardiac patients, most ofwhom 

have congenital heart disease, were made by the authors in 20 I 0, eleven years after Kinsella et al. 

was published. Ifthose of skill in the art in the years following Kinsella et al.'s publication had 

believed that infants with congenital heart disease in general should be excluded from treatment with 
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inhaled nitric oxide, this treatment would certainly not have achieved its present status of a "standard 

treatment" for pediatric cardiac patients. The quoted statements from Fraisse & Wessel are cogent, 

objective evidence that the Office action misinterpreted Kinsella et al. 's rationale for excluding 

congenital heart disease patients from their study and made an inaccurate assessment of how those of 

ordinary skill in the art would have understood Kinsella et al.'s exclusion criteria. Properly 

interpreted, Kinsella et al. does not support the present rejection at all. 

The Office action at page 9 cites Loh et al. as allegedly teaching: 

" .. that inhaled nitric oxide in patients with left ventricular dysfunction may have 
adverse effects in patients with LV failure ... Loh et al. clearly teaches that patients 
with pulmonary artery wedge pressure ..• ofgreater than or equal to 18 mm Hg had a 
greater effect of inhaled NO due to the greater degree of reactive pulmonary 
hypertensions present in such patients.... Loh et at. state: "Since the degree of 
reactive pulmonary hwertension is generally related to the severity ofhemodynamic 
compromise in patients with LV (ailure. it might be anticipated that patients with 
more severe heart failure will have a more marked hemodynamic response to inhaled 
NO." (Emphasis as shown in the Office action's original text.) 

On page 13, the Office action responds to applicants' prior arguments regarding Loh et al. by saying 

"As to Loh, the Examiner is not relying on Loh for teaching administration ofiNO in children but 

rather the correlation between PCWP and iNO." 

Though the Examiner is plainly aware that Loh et at. does not teach administration of inhaled 

nitric oxide to children, what the Office action fails to note is that Loh et al.'s study is solely within 

adult patients, and thus the alleged correlation between PCWP and inhaled nitric oxide observed by 

Loh et at., has little if any relevance to the presently claimed methods. Loh et al.'s patients had class 

Ill or class IV (congestive) heart failure secondary to left ventricular dysfunction from ischemic 

cardiomyopathy or idiopathic dilated cardiomyopathy (see, page 2780, right column). As explained 

by Dr. Greene in the Second Greene Declaration at paragraph 22, one cannot predict from Loh et 

al. 's observations in adults that there would have been any risk to neonates, who typically have a 

very different form ofLVD: 

"The underlying etiologies and hemodynamic characteristics of both the primary 
heart disease and the increased pulmonary vascular resistance are drastically 
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different from adults, as compared to non-adults, such that one cannot readily 
assume or anticipate clinical results within adults to translate into neonates or 
children. In particular, left ventricular dysfunction in neonates with congenital 
heart disease is primarily due to developmental structural disease of the heart, 
inborn errors of metabolism that impair energy generation in the heart muscle, or 
viral infection. Class III or class IV congestive heart failure in adults (in contrast 
to congenital heart disease in neonates or children) is due to ischemic or dilated 
cardiomyopathy, mostly secondary to coronary artery disease and/or chronic 
systemic hypertension. Pulmonary hypertension associated with neonatal 
congenital heart disease is secondary to chronic hypoxemia, developmental 
abnormalities of the pulmonary blood vessels and/or pulmonary vascular damage 
from abnormally high blood flow and/or pressure through the pulmonary 
vasculature, resulting in evident disease of the lung vasculature. In contrast, 
increased pulmonary vascular resistance in adult Class III or IV congestive heart 
failure is due to reactive pulmonary vasoconstriction secondary to increased 
sympathetic tone or circulating vasoactive molecules (Loh et al., p. 2780, left 
column) in otherwise structurally normal blood vessels. Therefore, the 
hemodynamic responses to pulmonary vasodilation by inhaled NO in children or 
neonates, without right-to-left shunting of blood, but with significant pulmonary 
hypertension and left ventricular dysfunction cannot be reasonably predicted from 
the hemodynamic responses to pulmonary vasodilation by inhaled NO of adults 
with advanced atherosclerotic congestive heart failure and reactive neuro-humoral 
pulmonary vascular constriction (with or without pulmonary hypertension) as 
described by Loh et al." 

Given these marked physiological differences between Loh et al.'s adult LVD patients with 

congestive heart failure and the neonate L VD patients recited in the present claims, one of ordinary 

skill in the art would not have simply assumed, as the Examiner apparently does,2 that results 

reported by Loh et al. for adults would obviously apply to neonates as well. Supporting applicants' 

position in this regard is the evidence offered above in the discussion of Atz & Wessel that those of 

ordinary (and even extraordinary) skill in the art did not consider it "obvious," even several years 

after Loh et at.' s 1994 publication date, that neonatal patients with L VD who are not dependent on 

right-to-left shunt are at increased risk for adverse events when given inhaled nitric oxide. If this 

2 See, the carryover paragraph of pages 11-12 of the Office action: 

[It] is simply not inventive to "inform" a medical provider that a neonate with L VD is at risk of 
adverse/serious adverse events from iNO therapy when the art already has established that fact and 
the ordinary artisan is alerted to this fact. If the patient has LVD then they are at risk of adverse 
and/or serious adverse events from iNO therapy .... (Italics in the original) 
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were indeed "obvious" to those of ordinary skill, the INOT22 Study protocol would have explicitly 

excluded these neonatal L VD patients from the start; other post-1994 clinical trials of inhaled nitric 

oxide in neonates would have done likewise; and FDA would have required a warning about L VD be 

added to the prescribing information for INOmax® (nitric oxide) for inhalation over a decade before 

the warning was actually added (following analysis of the INOT22 Study results). 

Physicians are by nature conservative about putting their patients at risk. Any "obvious" or 

"predictable" risk of harm would be avoided, not ignored-to do otherwise would be tantamount to 

medical malpractice. If those in the art had indeed understood from the cited references (all 

published prior to 1999) that neonates who are not dependent on right-to-left shunt with L VD should 

not be treated with inhaled nitric oxide, such an understanding would of course have been explicitly 

memorialized in clinical trial protocols and prescribing information long before the present invention, 

and clearly before the INOT22 study. Since that did not occur, the logical conclusion is that 

practitioners did not consider such an exclusion to be medically justified. 

Contrary to the assertions in the Office action about what would have been "in the realm of 

common sense" to predict the unexpected adverse events that occurred within the INOT22 study, it 

would not have been "common sense" for a physician to exclude his or her neonatal L VD patient 

from a potentially life-saving treatment with inhaled nitric oxide without a legitimate medical 

justification for doing so. The information available in the art about risk of inhaled nitric oxide in 

adult LVD was certainly not such a justification. Further, the Examiner's position in this regard 

appears to require the unjustified assumption that none of the individuals (at least 115) tasked with 

designing or reviewing and approving the originai1N022 study protocol exercised "common sense", 

and that by failing to do so, these professionals failed to predict the unexpected serious adverse 

events that occurred in INOT22. This unsupported conclusion cannot stand in view of the weight of 

objective evidence provided prior and herein. 

In view of the above arguments and cogent objective evidence ofnonobviousness, applicants 

submit that the claims are not obvious in view of the combination of Atz & Wessel, Kinsella et at., 

and Loh et at. 
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Claims 20-27 stand provisionally rejected for alleged obviousness-type double patenting over 

claims 21-28 of copending Application No. 12/820980, claims 21-30 of copending Application 

No. 12/821020, and claims 21-29 and 37 of copending Application No. 12/821041. Claims 20-27 of 

the present application have been canceled and replaced with new claims 28-42. As the claims of all 

of the cited applications remain under prosecution and the obviousness-type double patenting 

rejections are provisional, it is premature to detennine whether a terminal disclaimer is appropriate. 

Applicants will consider that question at the point that the claims are deemed otherwise allowable. 

CONCLUSION 

Applicants have conclusively established, based on scientific reasoning and objective 

evidence that includes written statements by Dr. Wessel, that Atz & Wessel failed to teach one 

skilled in the art to avoid the use of inhaled nitric oxide in the patients recited in the present claims 

(neonates with left ventricular dysfunction who are not dependent on a right-to-left shunt). Indeed, 

even Dr. Wessel, the senior author of Atz and Wessel, expressly states that at the time of the original 

design of the INOT22 protocol, neither he, the study Sponsor, nor the other Steering Committee 

members appreciated or anticipated that a pediatric patient with left ventricular dysfunction who is 

not dependent on right-to-left shunting of blood would be at additional risk when treated with inhaled 

NO. Further evidence provided herein demonstrates that the opinion of Dr. Wessel is not an isolated 

one, as at least 115 additional medical experts who reviewed the original INOT22 protocol failed to 

suggest that the exclusion criteria be amended to exclude study subjects with pre-existing left 

ventricular dysfunction who are not dependent on right-to-left shunting of blood. 

Moreover, applicants have explained, based on scientific reasoning and objective evidence, 

that one of ordinary skill in the art would not have read Kinsella et al. as teaching that infants with 

congenital heart disease are at risk for adverse events if treated with inhaled nitric oxide; indeed, the 

Fraisse & Wessel article proves that it is well known in the art that inhaled nitric oxide is a 

"standard" treatment for pediatric cardiac patients. Finally, applicants have elucidated in detail why 

one of ordinary skill in the art would not have derived from Loh et al.'s statements about adults with 
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class III or class IV congestive heart failure and LVD anything of relevance to term or near-term 

neonates. The science-based explanations provided by applicants are fully supported by the 

objective evidence of nonobviousness of record in this application. Applicants submit that the claims 

are in condition for allowance, and such action is respectfully requested. 

Please apply any additional necessary charges or credits to deposit account 12-0769, 

referencing Attorney Docket No. 1001-0002USC1. 

Respectfully submitted, 

/Jonathan N. Provoost, Reg. No. 44,292/ 
Jonathan N. Provoost 
Attorney for Applicant and Assignee 
Associate General Counsel 
lkaria 
6 Route 173 
Clinton, NJ 08809 
Direct phone: (908) 238-6392 
Cell: (908) 391-3440 
Fax (legal dept.): (908) 238-6773 
jonathan. provoost@ikaria.com 

Dated: July 8. 2011 
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APPENDIX A 
(curriculum vitae of Dr. David L. Wessel) 
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CURRICULUM VITAE 

1) PERSONAL DATA 

Date prepared: 

Name: 

Home address: 

Home phone: 

Office Address: 

E-Mail Address: 

Place of Birth: 

Citizenship: 

April2011 

David Lloyd Wessel 

3251 Prospect St. NW, Suite 404 Washington, D.C. 20007 

202-342-0908 

Children's National Medical Center 
111 Michigan Ave, NW Suite 3W-1 00 Washington, DC 20007 
TEL: 202 476 5047 FAX: 202 476-5868 

dwessel@childrensnational.org 

Newton, Iowa U.S.A. 

United States 

2) EDUCATION: 

1972 B.S. 
1974 B.A. 
1978 M.D. 
1983 M.A. 

College of William and Mary (Physics), Williamsburg, VA 
Oxford University (Physiology), Oxford, England 
Yale University School of Medicine (Medicine), New Haven, CT 
Oxford University (Physiology), Oxford, England 

POSTDOCTORAL TRAINING: 
Internship and Residencies: 
1978-79 Intern in Pediatrics, Yale-New Haven Hospital, New Haven, CT 
1979-80 Resident in Pediatrics, Yale-New Haven Hospital, New Haven, CT 
1981-83 Resident in Anesthesia, Massachusetts General Hospital, Boston, MA 

Fellowships: 

Wessel Page 1 of 39 

1980-81 Fellow in Pediatric Cardiology and Intensive Care, Yale-New Haven Hospital, New Haven, CT 
1983-84 Fellow in Pediatric Cardiology, Children's Hospital, Boston, MA 
1984-85 Fellow in Anesthesia and Intensive Care, Children's Hospital, Boston, MA 

3) EMPLOYMENT 

CHILDREN'S HOSPITAL, BOSTON 
1985-87 Assistant in Anesthesia 
1985-88 Assistant in Cardiology 
1987-00 Associate in Anesthesia 
1988-89 Associate in Cardiology 
1988-07 Associate in Cardiovascular Surgery 
1988-02 Chief, Cardiovascular Intensive Care Unit 
1989-07 Senior Associate in Cardiology 
1995-02 Division Chief 
2000-07 Senior Associate in Anesthesia 
2002-03 Honorary Consultant, Royal Brompton Hospital, London, U.K. 
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CHILDREN'S NATIONAL MEDICAL CENTER, WASHINGTON, DC 
2007- Interim Chief, Division of Critical Care Medicine 
2007-09 Executive Director, Center for Hospital Based Specialties 
2009- Senior Vice President, Center for Hospital Based Specialties 
2010- I KARIA Distinguished Professor of Critical Care Medicine, Children's National Medical Center, 

Washington, DC 

ACADEMIC APPOINTMENTS: 
1980-81 Fellow in Pediatrics (Cardiology), Yale School of Medicine, New Haven, CT 
1981-83 Clinical Fellow in Anaesthesia, Harvard Medical School, Boston, MA 
1983-84 Clinical Fellow in Pediatrics, Harvard Medical School, Boston, MA 
1984-85 Clinical Fellow in Anaesthesia, Harvard Medical School, Boston, MA 
1985-86 Instructor in Anaesthesia, Harvard Medical School, Boston, MA 
1987-93 Assistant Professor of Anaesthesia (Pediatrics), Harvard Medical School, Boston, 
1987-94 Assistant Professor of Pediatrics (Anaesthesia), Harvard Medical School, Boston, MA 
1994-99 Associate Professor of Pediatrics, Harvard Medical School, Boston, MA 
1999-02 Associate Professor of Pediatrics (Anaesthesia), Harvard Medical School, Boston, MA 
2002-03 Visiting Professor Imperial College, University of London, London UK (4/02-4/03) 
2002-07 Professor of Pediatrics (Anaesthesia), Harvard Medical School, Boston, MA 
2011- Professor of Pediatrics, George Washington University School of Medicine and Health Sciences, 

Washington, DC (pending) 

4) LICENSURE AND CERTIFICATION: 
1979 National Board of Medical Examiners 
1985-07 Massachusetts License Registration 
1985 American Board of Pediatrics (Permanent) 
1985 American Board of Pediatrics, Sub-board of Pediatric Cardiology (Permanent) 
1986 American Board of Anesthesiology (Permanent) 
1987 American Board of Pediatrics, Sub-board of Critical Care (Re-certified 1996, 2004, 201 0) 

5) PROFESSIONAL SOCIETIES & HONORS: 
1982- American Society of Anesthesiologists 
1982-2007 Massachusetts Medical Society 
1986- American Academy of Pediatrics 
1987- Society of Critical Care Medicine 
1987- American Society of Critical Care Anesthesiologists 
1987- Society of Pediatric Anesthesia 
1989- American Heart Association (Fellow) 
1991- Society of Cardiovascular Anesthesiologists 
1995- Society of Pediatric Research 
1999- Pediatric Cardiac Intensive Care Society - President 2000-2004; Vice President, 

Development 201 0-

AWARDS, HONORS AND NAMED LECTURES: 
1968 Maytag Scholar (industry sponsored competitive college scholarship) 
1971 Phi Beta Kappa 
1971 Omicron Delta Kappa 
1971 National Physics Honor Society (President) 
1972 General Honors (William and Mary) 
1972 Drapers' Scholar (Oxford) 
1972 Mathematics Honor Society 
1974 Balliol College Prize (Oxford) 
197 4 First Class Honours (Oxford) 
1978 Cum Laude (Yale) 
1978 Alpha Omega Alpha Honor Medical Society 
1978 Harry S. Greene Prize (Yale) 
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1994 Katkov-Lundeen Memorial Lecture, Minneapolis Children's Hospital, Minneapolis, MN 
1994 Saul Usher Memorial Lecture, Montreal Children's Hospital, Montreal, Canada 
1994 Farouk ldriss Memorial Lecture, Children's Memorial Hospital, Chicago, IL 
1995 A. W. Conn Lecture, Hospital for Sick Children, Toronto, Canada 
1995 DiCerbo Foundation Lectureship in Pediatric Critical Care, North Shore University Hospital, 

New York, NY 
1996 Teaching Award, Pediatric Cardiology, Children's Hospital Boston 
1997- Listed, Best Doctors in America, continuously since inception 
1999 29th Annual Jennifer B. Lalin Lecture, Babies Hospital, Columbia University College of 

Physicians and Surgeons, New York, NY 
2000 Tenth Anniversary Lecture, Taiwan Pediatric Association, Critical Care Sub Committee, 

Kaohsiung Veterans General Hospital, Taipei, Taiwan 
2001 Recipient, Papas Gift Award for Outstanding Clinical Care ($25,000 to Children's Hospital Boston) 
2002 M.A. (Honorary) Harvard University, Cambridge, MA 
2004 Keynote Address, Opening Ceremony, Annual Meeting of the European Society of Pediatric and 

Neonatal Intensive Care, London, United Kingdom 
2004 Leadership & Mentor Award: "In recognition of your contributions toward improving children's heart 

health," The Fifth International Symposium on Pediatric Cardiac Intensive Care co-sponsored by the 
Pediatric Cardiac Intensive Care Society and the Texas Children's Heart Center 

2005 Jared Ellsworth Memorial Lecture, Rainbow Babies and Children's Hospital, Cleveland, Ohio 
2006 Eddie Farrell Memorial Lecture, Massachusetts Society of Respiratory Care 
2007 Robert A. Boxer, M.D. Memorial Lecture, Schneider Children's Hospital LIJ, North Shore 
2010 John J. Downes, Jr.,M.D. Lecture, Cardiology 2010, Orlando, FL. Sponsored by Children's Hospital 

Philadelphia. 
2010 Outstanding Research Award in Pediatric Cardiology (Council on Cardiovascular Disease in the Young), 

AHA Scientific Sessions, Chicago, IL 
2010 Anthony Chang Honorary (Inaugural) Lecture. Pediatric Cardiac Intensive Care Society. 

6) ADMINISTRATIVE DUTIES & UNIVERSITY ACTIVITIES 

HOSPITAL AND HEALTH CARE ORGANIZATION SERVICE RESPONSIBILITIES: 
CHILDREN'S HOSPITAL. BOSTON 
1985-91 Attending Physician and Associate Director, Multidisciplinary Intensive Care Unit 
1985-07 Attending Physician in Cardiology (Intensive Care) 
1985-07 Attending Physician in Anesthesia (Cardiac) 
1985-07 Associate in Cardiovascular Surgery (teaching) 

CHILDREN'S NATIONAL MEDICAL CENTER. WASHINGTON. DC 
2007- Attending Physician in Critical Care Medicine, Cardiology, Cardiac Anesthesia 
2007- Member, Children's National Heart Institute 

MAJOR ADMINISTRATIVE RESPONSIBILITIES: 
CHILDREN'S HOSPITAL. BOSTON 
1988-02 Director, Cardiac Intensive Care Unit 
1990 Associate Director, Critical Care Pediatrics Training Program 
1993-02 Treasurer, Board of Directors, Boston Children's Heart Foundation including investigative 

1997-98 
1998-03 
1999-02 
2000-02 
2003-04 
2004-05 
2004-05 

and forensic accounting responsibilities surrounding departed chairman (1993-96) 
Board of Directors, Children's Hospital Physicians' Organization, Boston, MA 
Physician Leadership Council, Children's Hospital, Boston, MA 
Medical Director, Pharmacy, Children's Hospital, Boston, MA 
Clinical Sponsor, Critical Care Clinical Information System, Children's Hospital, Boston, MA 
Interdisciplinary Peer Review Assignments and Presentation of Critical Events to JCAHO 
Board of Directors, Boston Children's Heart Foundation 
Physician Leadership Council, Children's Hospital, Boston, MA 
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CHILDREN'S NATIONAL MEDICAL CENTER. WASHINGTON DC 
2007- Accountable executive for clinical Center of Excellence; $200M revenue, more than 700 full time 

employees. Includes divisions and departments of critical care medicine (both cardiac and pediatric ICU 
neonatology; hospitalist medicine (inpatient general pediatrics); emergency medicine; radiology; respirat 
care services (respiratory therapy); infectious disease, hospital infection control and epidemiology; 

2007-
2007-
2007-
2007-
2007-
2007-
2007-
2007-
2007-
2008-
2009-

endocrinology and the diabetes care complex; transport medicine, fetal and transitional medicine, ECM< 
Leadership Council 
Children's Hospital Foundation Board of Directors 
Critical Care Committee (Co-Chair) 
Executive Committee of the Medical Staff 
Executive Directors Council (Senior Vice President Council2008-) 
Hospital Based Specialties (HBS) Leadership Committee (Chair) 
HBS Campaign Council (Chair) 
Strategic Planning Council 
Interim Chief, Division of Critical Care Medicine 
Healthcare Review Committee (risk management financial governance) 
Steering Committee Strategic Planning Council (201 0-15) 

MAJOR COMMITTEE ASSIGNMENTS: 
HARVARD MEDICAL SCHOOL 
1996-98 Futility of Care Task Force, Harvard Medical School 
1999 Search Committee, Chief of Pediatric Pulmonary Medicine, Children's Hospital, Boston, MA 
2005-07 Ad Hoc Evaluation Committee for Professorial Promotion 

CHILDREN'S HOSPITAL. BOSTON 
1988-93 Multidisciplinary Intensive Care Committee 
1989-90 Chairman, Hospital Task Force on Sedation 
1990-92 Hospital HMO Committee 
1991-92 Medical Staff Quality Improvement Committee 
1991-93 Department Quality Improvement Officer 
1991 Hospital Review Committee for Department of Clinical Laboratories 
1992 Chairman, Nominating Committee, Medical Staff Association 
1992-99 Chairman, Special Care Units Committee 
1992 Hospital Search Committee for Director of Clinical Laboratories 
1992 Physician Advisory Committee on Computers 
1992 Operations Improvement Committee 
1993 Hospital Search Committee for MICU Director 
1993-01 Cardiovascular Program, Quality Improvement Committee 
1996-98 Product Standardization Council 
1998-01 Planning and execution committee for ICU electronic clinical information system 
1998-01 Clinical Oversight Committee for Transport 
2000 Nominating Committee, Physician's Organization 
2000-02 Chairman, Pharmacy and Therapeutics Committee 
2000-02 Hospital Task Force on Clinical Building and New Construction 
2000-06 ICU Committee 
2004-05 Committee on Pension Investments, Physicians' Organization 
2004-07 Quality and Outcomes Measurement, Physicians' Organization 
2005-07 Program for Patient Safety and Quality Implementation Committee 
2006 Hospital Search Committee for Non-invasive Cardiology Division Chief 
2006-07 Hospital Peer Review Panel 
2006-07 Physician Profile Task Force 
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DEPARTMENT OF CARDIOLOGY. CHILDREN'S HOSPITAL, BOSTON 
1988-01 Fellowship Selection Committee 
1998-02 Audit and Finance Committee 
1998-02 Computing Committee 
2004-05 Audit and Finance Committee 

CHILDREN'S NATIONAL MEDICAL CENTER. WASHINGTON DC 
2007-09 Facilities Leadership Committee 
2007- Growth Management/ CARE 
2007- NICU Steering Committee 
2007- Quality and Clinical Effectiveness Committee 
2007- Quality and Safety Council 
2007- Information Technology Oversight Committee 
2007-09 CTI Clinical Advisory Council (electronic medical record) 
2007- Task Force on Access/Referral 
2007-08 Hospital Search Committee for Cardiology Division Chief 
2007- Safety Transformation Advisory Council 
2009- Executive Oversight Committee (post graduate education) 
2009- Physicians Advisory Committee (third party payor contracts) 
2011- Physician Productivity Committee (Chair) 
2011- Internal Advisory Board, GWU I CNMC, for NIH funded CTSI Award (Chair) 

NATIONAL & INTERNATIONAL 
1995 Clinical Trials Review Committee (Ad hoc reviewer), National Institutes of Health 
1995-98 Invited Speaker, Cardio-renal Advisory Panel, U.S. Food and Drug Administration 
2004-06 Task Force ACC AHA AAP: Requirements for Pediatric Cardiac Critical Care Training 
2005-06 Multi-Societal Committee (PCICSIEACTSISTS) Complications in Pediatric and Congenital 

Cardiac Surgery Project 
2008- National Institute of Allergy and Infectious Disease Transplant Data and Safety Monitoring Board 

(DSMB) - Member 
2010 FDA Invited Speaker, Continuing Education Series 
2010 International Liaison Committee on Resuscitation (ILCOR): 201 0 Consensus Statement and 

Treatment Recommendations. 
2011 Joint American Heart Association (AHA) -American Thoracic Society Expert Guidelines Statement 

on Pediatric Pulmonary Hypertension. 

INDUSTRY 
1994-97 
1998-02 
1999-01 

2001-06 
2001-02 
2001-03 
2001-09 
2003 
2005-07 

2005-07 
2005-07 
2006-

2009 

Scientific Advisory Board on Nitric Oxide, Ohmeda Pharmaceuticals 
Curriculum Development Committee, INO Therapeutics 
Steering Committee, Prophylactic use of Primacor® in pediatric patients at high risk of developing 
low cardiac output syndrome following cardiac surgery. PRIMACORP study-Prophylactic 
intravenous use of milrinone after cardiac operation in pediatrics. Sanofi-Synthelabo Inc. 

Chairman, Advisory PaneiiNOTherapeutics 
Scientific Advisory Board AGA-Linde 
Protocol Planning Committee (POE V inhibitors) Pfizer 
Scientific Advisory Board for pulmonary hypertension research development, Pfizer 
Steering Committee for Multicenter Trial on Diagnostic Use of Inhaled Nitric Oxide 
Steering Committee for Multicenter Trial on Use of Nesiritide in Children, SCIOS (Johnson & 
Johnson) 
Advisory Committee on lloprost and Treatment of Pulmonary Hypertension in Children, Cotherix 
Advisory Board, Eli Lily Vardenafil for Pediatric Pulmonary Hypertension 
Steering Committee (Chairman) for Multicenter Trial on Use of Clopidogrel in Children (CLARINET), 
Bristol-Myers Squibb & Sanofi-Aventis 
Advisory Panel, Nesiritide Use in Pediatric Cardiovascular patients, Johnson & Johnson 
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COMMUNITY SERVICE RELATED TO PROFESSIONAL WORK: 
1994-97 Lecturer, Human Body Curriculum, Wellesley Public School System, Wellesley, MA 
1996 Hospital Spokesman, Boston/Filenes' Holiday Festival 
1996 Campaign for William & Mary, 25th Anniversary Committee 
2000-02 Hospital Spokesman, Capital Campaign and Children's Hospital Boston Fundraising, including keynote 

speaker, 2000 
2007- Multiple CNMC Fundraising and Community Benefit Events, presentations to Emeritus and Lady Visitor 

Boards, etc. 
2008 Speaker, CNMC Corporate Leadership Council "What's Up, Doc?" Breakfast, World Bank, Washington, 

D.C. 

EDITORIAL BOARDS/REVIEW COMMITTEES: 
Ad Hoc Reviewer: 

Acta Pediatrics 
American Journal of Cardiology, American Journal of Physiology 
American Review of Respiratory Diseases and Critical Care 
Anesthesia & Analgesia, Anesthesiology 
Annals of Thoracic Surgery 
Archives of Diseases of Childhood 
Cardiovascular and Interventions I Radiology 
Chest 
Circulation 
Critical Care Medicine 
European Heart Journal 
Future Cardiology 
Journal of Intensive Care Medicine 
Journal of Pediatrics 
Journal of Thoracic and Cardiovascular Surgery 
Mayo Clinic Proceedings 
Pediatrics, Pediatric Cardiology, Pediatric Critical Care Medicine, Pediatric Research 
Proceedings of the National Academy of Science 

Invited consultant, to review and make recommendations to institutional programs for pediatric cardiovascular care 
(national and international) 

Asked by Children's Hospital Boston to chair ad hoc committees reviewing sentinel events, other critical incidents and 
report the hospital's analysis and action to the Hospital's Board of Trustees, JCAHO, etc. 

7) EDUCATIONAL ACHIEVEMENTS 

REPORT OF TEACHING 
1. LOCAL CONTRIBUTIONS 

a) MEDICAL SCHOOL 
Yale University School of Medicine, New Haven, CT 
1975-76 Program leader, Cardiovascular physiology core lectures in Physician's Associate Program 

Designed lecture series for new PA program: 20 hours/year 

Harvard Medical School, Boston, MA 

1983-98 Instructor, Cardiovascular Physiology Animal Laboratory, Harvard Medical School 
Approximately 60 medical students; one day per year 

1985-89 Cardiovascular Pathophysiology, Laboratory section on congenital heart disease 
Approximately 30 medical students; half day per year 
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1985-89 PGY clerkship in Pediatrics 

Lecturer in Critical Care (Multidisciplinary ICU) 
2 medical students each lecture; 12 hours/year 

b) GRADUATE MEDICAL EDUCATION (LOCAL) 
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1985-89 Didactic seminars on cardiovascular pathophysiology for pediatric critical care fellows and 
rotating residents 
Lecture once per week, 1 hour, 6 trainees per lecture 

1986-93 Developed and taught core curriculum: introduction to anesthesia and critical care for 
cardiologists 
Lecture once per week, 1 hour, six weeks, 20 fellows and junior faculty. Preparation, 40 hours 
per year 

1985-89 Co-developed tutorials on congenital heart disease and supervised core staff (3 tutors) for 
instruction of cardiology and cardiac ICU fellows during ICU rotation 
Lectures three mornings per week, 1/2 hour, 3-4 fellows; preparation, 2 hours per week 

1985-07 CICU attending rounds 
3 pediatric residents (1985-1989), 4-8 fellows and senior surgical residents; 18 hours/week, 
16-40 weeks/year (varies with year) 

1990-96 Chiefs' Ward Rounds 
3 medical students, 3 pediatric residents, 1 cardiology fellow; monthly 12 hours/year 

1996-07 Didactic lectures to cardiology fellows teaching program 
20 fellows 3 times per year 

2002-03 Didactic lectures (monthly) to trainees at Royal Brompton Hospital. London 

c) BOSTON INVITED TEACHING PRESENTATIONS (SELECTED) 
1984 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
1991 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
1992 Surgical Grand Rounds, Children's Hospital, Boston, MA 
1992 Medical Grand Rounds, Children's Hospital, Boston, MA 
1994 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
1996 Anesthesia Grand Rounds, Massachusetts General Hospital, Boston, MA 
1996 PICU Teaching Sessions, Massachusetts General Hospital, Boston, MA 
1997 Surgical Grand Rounds, Children's Hospital, Boston, MA 
1997 Medical Grand Rounds, Children's Hospital, Boston, MA 
1998 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
2003 Grand Rounds and teaching rounds, Royal Brompton Hospital, London, UK 
2004 Neonatology Clinical Working Group, Children's Hospital, Boston, MA 
2004 Department of Respiratory Therapy Clinical Working Group, Children's Hospital, Boston, MA 
2005 Department of Cardiology, Didactic Series, Children's Hospital Boston, Boston, MA 

d) WASHINGTON DC AREA INVITED TEACHING PRESENTATIONS (SELECTED) 
• Chief Rounds Monthly to ICU & Cardiology fellows and staff (15-20 physicians, 2hrs/month), CNMC, DC 
• ICU Attending Rounds, Children's National Medical Center, DC 
• Clinical Research Presentation to ICUICardiology Fellows 2 times per year, Children's National Medical 

Center, DC 
• Grand Rounds, Children's National Medical Center, DC 
• Grand Rounds, Mary Washington Hospital, VA 
• Grand Rounds, Anne Arundel Medical Center, MD 
• Teaching Rounds, Division of Critical Care Medicine, National Institutes of Health 
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e) CONTINUING MEDICAL EDUCATION (LOCAL) 
1988 Lecturer 

Harvard Medical School, Continuing Education Course in Pediatric Anesthesia 
"Anesthesia for Congenital Heart Disease" 

1990 Lecturer 
Harvard Medical School Continuing Education Course in Pediatric Anesthesia 
"Common Congenital Cardiac Lesions" 

1989 Moderator 
Harvard Medical School, Continuing Education Course in Pediatric Cardiovascular Disease 

1993 Lecturer 
Symposium on Brain Injury and Cardiac Surgery, Harvard Medical School, Boston, MA 
"Choreoathetosis After Cardiopulmonary Bypass" 

1996 Lecturer 
Harvard Medical School Continuing Education Course in Pediatric Anesthesia 
"New Vasoactive Drugs" 

1998 Co-director, First Annual Course: Frontiers in the Diagnosis and Management of Congenital 
Heart Disease, Children's Hospital, Boston, Harvard Medical School, Boston, MA 

1999 Co-director, Second Annual Course: Frontiers in the Diagnosis and Management of 
Congenital Heart Disease, Children's Hospital, Boston, Newport, Rhode Island 

2001 Co-director, Third Annual Course: Frontiers in the Diagnosis and Management of Congenital 
Heart Disease, Children's Hospital, Boston, Newport, Rhode Island 

f) ADVISORY AND SUPERVISORY RESPONSIBILITIES (LOCAL) 
1987- Responsible for clinical supervision and educational component of critical care for cardiology 

fellows in a large pediatric cardiology training program (two months each year for each of 18 
fellows spread over 2-3 years of training). 

1990-02 Responsible as mentor for clinical, educational and clinical research activities of 2-3 senior 
clinical fellows each year. 

1985- Shared responsibilities for cardiovascular education and clinical supervision of pediatric critical 
care fellows in the CICU (3-5 months per year for 5-6 fellows spread over 2-3 years of 
training). 

1985-02 Shared responsibilities for critical care educational component of pediatric cardiovascular 
surgical training program (1 0 surgical residents each year rotating for 6 months each). 

1987-02 Responsible for medical education and clinical advisory tasks for continuing education 
seminars for 80 critical care nurses. 

g) LEADERSHIP ROLE (LOCAL) 
1998-01 Program Co-Director 

Annual Course, "Frontiers in Diagnosis and Management of Congenital Heart Disease" Shared 
responsibility for organizing and executing post graduate course attended by 200 pediatric 
cardiologists cardiovascular surgeons and nurses from the US and abroad. 
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h) NAMES OF SELECTED TRAINEES AND/OR FORMER CICU STAFF WHO HAVE CURRENT LEADERSHIP POSITIONS 
1985-88 Gil Wernovsky, MD, FACC *t§ 

Director of Program Development 
Former Director, Cardiac Intensive Care Unit 
The Children's Hospital of Philadelphia 
Professor of Pediatrics 
University of Pennsylvania School of Medicine 
Philadelphia, Pennsylvania 

1988-89 Ling Chen, MD * 
Director, Cardiac Intensive Care Unit 
Shanghai Children's Medical Center 
Shanghai, China 

1989-92 Pierre C. Wong, MD *t 
Cardiology Medical Director, Transplantation 
Children's Hospital of Los Angeles 
Los Angeles, California 

1989-92 Stephen J. Roth, MD, MPH *t 
Director, Cardiac Intensive Care Unit 
Lucile Packard Children's Hospital 
Associate Professor of Pediatrics 
Stanford University School of Medicine 
Palo Alto, California 

1989-92 Nancy Bridges, MD 
Chief, Transplantation Immunology Branch, Division of Allergy, Immunology, and 
Transplantation 
National Institute of Allergy and Infectious Disease 
Bethesda, Maryland 

1990-92 Howard A. Zucker, MD, FACC* 
Deputy Director of the World Health Organization 
Geneva, Switzerland 

1990-93 Kevin B. Churchwell, MD 
Chief Executive Officer (CEO) for Nemours/Alfred I. duPont Hospital for Children 
Wilmington, DE. 

1990-93 Anthony C. Chang, MD *t§ 
Medical Director, CHOC Children's Heart Institute 
Children's Hospital Orange County 
Orange, California 

1991-94 Jan Adatia, MB, ChB, MRCP (UK), FRCP (C) *t 
Director, Pediatric Cardiac Critical and Intermediate Care Program, 
Director, Pediatric Pulmonary Hypertension Clinic, 
Stollery Children's Hospital, 
Professor of Pediatrics 
University of Alberta 
Edmonton, Alberta, Canada 
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1992-96 Andrew M. Atz, MD *t§ 
Director, Pediatric Cardiac Intensive Care Unit 
The Children's Heart Program 
Associate Professor of Pediatrics 
Medical University of South Carolina 
Charleston, South Carolina 

1992-96 David P. Nelson, MD, PhD* 
Director, Cardiac Intensive Care 
Cincinnati Children's Hospital Medical Center 
Professor of Pediatrics 
Cincinnati, Ohio 

1992-97 Sarah Tabbutt, MD, PhD* 
Director, Pediatric Cardiac Intensive Care Unit 
UCSF Children's Hospital 
San Francisco, California 

1994-97 Ricardo A. Murioz, MD *t§ 
Director, Pediatric Cardiac Intensive Care 
Director, Global Business and Telemedicine 
Children's Hospital Pittsburgh 
Associate Professor of Pediatrics 
University of Pittsburgh 
Pittsburgh, Pennsylvania 

1994-99 Melvin C. Almodovar, MD *t§ 
Medical Director, Cardiac Intensive Care Unit 
Boston Children's Hospital 
Assistant Professor 
Harvard Medical School 
Boston, Massachusetts 

1995-96 Brendan O'Hare, MD * 
Consultant in Anesthesia and Critical Care 
Our Lady's Hospital for Sick Children 
Crumlin, Dublin, Ireland 

1995-96-Steven Schwartz, MD 
Director of Cardiac Intensive Care 
Hospital for Sick Children 
Assistant Professor of Pediatrics 
University of Toronto 
Toronto, Ontario, Canada 

1996-97 Alain Fraisse, MD *t 
Chief, Clinical Pediatric Cardiology 
Hopital D'Enfants de Ia Timone 
Professer of Pediatrics 
Universitaire de Marseille 
Marseille, France 
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1997-98 Guillermo Palacio, MD 
Director Pediatric Cardiac Intensive Care Unit 
Fundacion Cardio lnfantil 
Bogota, Colombia 

1997-98 Mary B. Taylor, MD* 
Director, Pediatric Cardiac Critical Care 
Cardiology and Critical Care 
Vanderbilt Children's Hospital 
Associate Professor of Pediatrics 
Vanderbilt University Medical Center 
Nashville, Tennessee 

1997-99 Rajiv Chaturvedi, MB BChir, MRCP (UK), MD* 
Pediatric Cardiology 
Hospital for Sick Children 
Assistant Professor 
University of Toronto 
Toronto, Ontario, Canada 

1998-01 Ravi Thiagarajan, M.D.* t § 
Director, Cardiac ECMO Program 
Children's Hospital Boston 
Associate Professor of Pediatrics 
Harvard Medical School 
Boston, Massachusetts 

1998-02 Peter C. Laussen, MBBS § 
Chief, Division of Cardiovascular Intensive Care 
D.O. Hansen Chair in Pediatric Anesthesia 
Senior Associate in Cardiology 
Children's Hospital Boston 
Professor of Anesthesia 
Harvard Medical School 
Boston, Massachusetts 

1998-99 Mary P. Mullen, MD, PhD*§ 
Director, Pulmonary Hypertension Program 
Assistant in Cardiology 
Children's Hospital Boston 
Assistant Professor in Pediatrics 
Harvard Medical School 
Boston, Massachusetts 

1999 Janet M. Simsic, M.D.* 
Director, Pediatric Cardiac Intensive Care Unit 
Nationwide Children's Hospital 
Columbus, Ohio 

2000 Erica A. Kirsch, MD* 
Director of Pediatric ECMO Program 
Associate Professor of Pediatrics 
University of Missouri-Kansas City School of Medicine 
Kansas City, Missouri 
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2003-05 Margarita Burmester, MBBS* t 
Consultant in Pediatric Intensive Care 
Royal Brompton Hospital 
Imperial College 
London, United Kingdom 

* Clinical Trainees 
t Research Trainees 
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§ Faculty in CICU, Children's Hospital Boston 
during my tenure as Chief 

TEACHING AND EDUCATIONAL LEADERSHIP ROLES (LOCAL AND INTERNATIONAL) 
1987 Critical Care Consultant for Project Hope and the Cardiac Intensive Care Unit, Xin Hua, 

Shanghai, China. Developed teaching program for critical care and supervised clinical training of 
physicians during 2-Smonth exchange programs. 

1996- Abstract and Program Reviewer for many National and International Societies including 
SPR, AHA, ACC, PCICS, World Congress 

2000 Invited faculty and cardiovascular program curriculum track convener 
Ill International Congress of Pediatric Intensive Care, Montreal, Canada. 

2002 Scientific Programme, Coordinator 
The Third Special Topics in Paediatric Cardiac Intensive Care, The Failing Myocardium 
Royal Brompton Hospital, Imperial College, London, United Kingdom 

2003 Invited faculty and cardiovascular program curriculum track convener 
IV International Congress of Pediatric Intensive Care, Boston, MA 

2004 Discussant Leader and Co-author (after Tom Kulik) on Critical Care Training Guidelines in 
Cardiology (SCCM, PCICS, AHA, ACC) 

2005 Scientific Program Committee Pediatric Cardiac Intensive Care Symposium 2005 (PCICS 2005), 
Miami, FL 

2006 Planning Committee, First International Conference on Childhood Pulmonary Vascular 
Disease, San Francisco, CA 2007 

2008 Critical Care Consultant, University of Mississippi Medical Center, Jackson, MS 

TEACHING AWARD(S) RECEIVED 
1996 Faculty Teaching Award, Dept. Cardiology, Children's Hospital, Harvard Medical School 
2010 Top rated faculty teacher for division of critical care medicine in trainee survey 

MAJOR CURRICULUM OFFERING, TEACHING CASES OR INNOVATIVE EDUCATIONAL PROGRAMS DEVELOPED 
1990-02 Developed a senior clinical fellowship training program for cardiac intensive care with short 

term training experience available through formal training program relationships with the 
MICU, Children's Hospital; PICU, Massachusetts General Hospital; Neonatology, Children's 
Hospital; Neonatology, University of Vermont. Long term (6-36 month) training program 
applicants accepted (2-3 per year) from candidates in advanced levels of fellowship training 
from national and international programs. 
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1988-90 In collaboration with the Cardiovascular Nursing Director, developed, reviewed and 
edited algorithms for care, nursing practice and clinical practice guidelines and quality 
improvement manuals for the Cardiovascular Program, Children's Hospital, Boston. 

2004 In collaboration with Pediatric Cardiac Intensive Care Society and the Training Program 
Directors for Pediatric Cardiology, coauthored (with T. Kulik and others) the report to the 
Joint Committee on Training Programs (AHAIACC) on training requirements in critical care 
for pediatric cardiology trainees. 

2008 As interim division chief of critical care medicine at Children's National Medical Center, I 
implemented and supervised a reorganization of the fellowship training program, its 
leadership and aspects of its curriculum 

8) CONSULTANT APPOINTMENTS 
VISITING PROFESSORSHIP: 

1986 Visiting Professor 
"Critical Care of the Child with Congenital Heart Disease" 
Department of Cardiology, Children's National Medical Center, Washington, D.C. 

1993 Visiting Professor, 
"Perioperative Care of the Neonate with Congenital Heart Disease" 
University of Southern California, Children's Hospital of Los Angeles 

1993 Visiting Professor 
"Nitric Oxide and ECMO Therapies for Persistent Pulmonary Hypertension of the Newborn" 
Schneider Children's Hospital, Albert Einstein College of Medicine, New York, NY 

1994 Visiting Professor 
"Perioperative Care of the Critically Ill Neonate with Congenital Heart Disease; Perioperative 
Management of Low Cardiac Output" 
Medical University of South Carolina, Charleston, SC 

1994 Visiting Professor 
"Inhaled Nitric Oxide in the Treatment of Children with Congenital Heart Disease" 
Dennison Young Memorial Symposium, Montefiore Medical Center, New York, NY 

1994 Visiting Professor 
"Care of the Critically Ill Neonate" 

Minneapolis Children's Hospital, Minneapolis, MN 

1994 Visiting Professor 
"Therapeutic Applications of Inhaled Nitric Oxide" 
Children's Memorial Hospital, Chicago, IL 

1994 Visiting Professor 
Grand Rounds: "Treatment of Pulmonary Hypertension" 
Montreal Children's Hospital, Montreal, Canada 

1995 Visiting Professor 
"Multidisciplinary Management of Complex Congenital Heart Disease" 
Anesthesia and Critical Care Grand Rounds, Hospital for Sick Children 
University of Toronto, Toronto, Canada 
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1995 Visiting Professor 
"Controversy in Critical Care: New Views of Simple Gases (02, C02. H2 and NO)" 

Anesthesia Grand Rounds, Children's Hospital of Philadelphia, Philadelphia, PA 

1995 Visiting Professor 
"Nitric Oxide: Magic and Medicine" 
Medical College of Georgia, Augusta, GA 

1995 Visiting Professor 
"Controversy in Critical Care: New Views of Simple Gases" 
Children's Hospital of Pittsburgh, Dept of Surgery, University of Pittsburgh, Pittsburgh, PA 

1995 Visiting Professor 
"Perioperative Care of the Newborn with Congenital Heart Disease" 
Division of Pediatric Cardiology, Yale University School of Medicine, New Haven, CT 

1997 Visiting Professor 
"Perioperative Care in the Child with Congenital Heart Disease" 
Pediatric Grand Rounds, Vanderbilt Children's Hospital, Nashville, TN 

2000 Visiting Professor 
"Newborns with Heart Disease: Extending the Limits of Intervention" 

Columbia-Presbyterian Medical Center, Babies Hospital, New York, NY 

2003 Visiting Professor 
"Treatment of Low Cardiac Output" 
Cardiovascular Rounds, Hospital for Sick Children, Great Ormand Street, 
London, United Kingdom 

2005 Visiting Professor 
Multiple lectures. University of Pittsburgh, Department of Critical Care Medicine, University of 
Pittsburgh Medical 
Center and the Children's Hospital of Pittsburgh 

2005 Visiting Professor 
" Progress and problems in the treatment of critical heart disease" 
Ellsworth Memorial Lecture, Pediatric Grand Rounds, Rainbow Babies & Children's Hospital, 
Cleveland, OH 

2006 Visiting Professor 
"Navigating a career in Medicine". Health Careers Club, College of William & Mary, 
Williamsburg, VA 

2009 Visiting Professor 
"The Challenges of Postoperative Care of the Child with CHD" 
Pediatric Grand Rounds, Vanderbilt Children's Hospital, Nashville, TN 

9) PRESENTATIONS 

NATIONAL 

1990 Seminar Moderator 
"Cardiovascular Disease" 
Fourth Pediatric Critical Care Colloquium, Waterville, NH 
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1991 Invited Lecture 
"Perioperative Management of Congenital Heart Disease" 
Annual Meeting, Society of Pediatric Anesthesia, San Francisco, CA 

1992 Workshop Faculty 
"Anesthesia for Congenital Heart Disease" 
Annual Meeting of the Society of Cardiovascular Anesthesiologists, Boston, MA 

1992 Invited Lectures 
"Perioperative Management & Decision making in the Neonate with Congenital Heart Disease" 
Critical Care Pediatrics Symposium, Arnold Palmer Hospital, Orlando, FL 

1992 Invited Lectures 
Multiple topics on Critical Care of Children with Heart Disease and 
"Treatment of Pulmonary Hypertension with Inhaled Nitric Oxide" 
First World Congress of Pediatric Critical Care, Baltimore, MD 

1992 Anesthesia Grand Rounds 
"Postoperative Care of the Child with Congenital Heart Disease" 
Maine Medical Center, Portland, ME 

1992 Invited Faculty 
"Postoperative Management of the Open Heart Surgery Patient" 
Society of Critical Care Medicine, Pediatric Critical Care Clinical Review Series, 
San Antonio, TX 

1993 NIH Invited Lecture 
"Nitric Oxide in Congenital Heart Disease" 
National Institutes of Health Workshop: The effects of Nitric Oxide on the Lung, Bethesda, MD 

1993 NIH Invited Lecture 
"Indications for NO in the Newborn with Heart Disease" 
National Institutes of Health Workshop on Nitric Oxide and the Perinatal Period, Bethesda, MD 

1993 Symposium 
"Nitric Oxide Gas in the Evaluation and Management of Pulmonary Hypertension" 

Annual Meeting of the American College of Cardiology, Anaheim, CA 

1993 Invited Lecture 
"New Strategies for Treating Pulmonary Hypertension" 
Annual Meeting, American Academy of Pediatrics, Washington, DC 

1993 Invited Lecture 
"Use of Inhaled Nitric Oxide for the Acute Treatment of Pulmonary Hypertension in Patients 

with Congenital Heart Disease" Annual Meeting, American Heart Association, Atlanta, GA 

1993 NIH Workshop Lecture 
"Nitric Oxide in the Perinatal Period" National Institutes of Health, Bethesda, MD 

1993 Invited Lecture 
"Inhaled Nitric Oxide for the Treatment of Persistent Pulmonary Hypertension of the Newborn" 
Fourth Annual New England ECMO Symposium, Children's Hospital, Boston, MA 
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1993 Symposium 
"Vasodilator Therapy and Inhaled Nitric Oxide in Children" Infant Hearts and Lungs­
Transplantation and Alternative Strategies. 
Children's Hospital of Los Angeles, Long Beach, CA 

1994 Symposium 
"Update on Nitric Oxide" 
Annual Meeting, Society of Critical Care Medicine, Orlando, FL 

1994 Symposium 
"Nitric Oxide Gas in the Evaluation and Management of Pulmonary Hypertension" 
Annual Meeting of the American College of Cardiology, Atlanta, GA 

1994 Invited Lecture 
"Nitric Oxide for Pulmonary Hypertension" 
Post Graduate Course on Congenital Heart Disease 
American Association of Thoracic Surgery, New York, NY 

1994 Plenary Session 
"Inhaled Nitric Oxide for the Treatment of Pulmonary Hypertension in Children" 
International Conference on Biochemistry and Molecular Biology of Nitric Oxide, University of 
California, Los Angeles, CA 

1994 Guest Faculty 
"Nitric Oxide in the Treatment of Pulmonary Hypertension in Congenital Heart Disease" 
Pediatric Cardiology-The Failing Heart Conference, Given Biomedical Institute, University of 
Colorado, Aspen, CO 

1994 Invited Lecture 
"Perioperative Use of Inhaled Nitric Oxide" 
Annual Meeting of the American Academy of Pediatrics, Dallas, TX 

1994 Invited Faculty 
"Serious Heart Disease of the Neonate: Management" 
American Academy of Pediatrics Neoprep Course, St. Louis, MO 

1994 Invited Faculty 
"Perioperative Care of the Critically Ill Child with Congenital Heart Disease" 
Society of Critical Care Medicine, Pediatric Critical Care Clinical Review Series, San 
Francisco, CA 

1995 Invited Lecture 
"Pulmonary Hypertension and Nitric Oxide" 
Annual Meeting, American College of Cardiology, New Orleans, LA 

1995 Invited Lecture 
"Current Therapeutic Applications of Inhaled Nitric Oxide" 
International Business Communications, Nitric Oxide Conference, Philadelphia, PA 

1995 Invited Lecture 
"Choreoathetosis After Cardiopulmonary Bypass" 
Annual Meeting, American Society of Extra-Corporeal Technology, Boston, MA 

1995 Invited Lecture 
"Nitric Oxide for Perioperative Management of Congenital Heart Disease" 

Annual Meeting of the American College of Surgeons, New Orleans, LA 
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1995 Invited Lecture 
Controversy in Critical Care: New Views of Simple Gases 
DiCerbo Foundation Lectureship in Pediatric Critical Care, North Shore University Hospital, 
New York, NY 

1995 Dinner Speaker 
"Diagnostic and Therapeutic Applications of Inhaled Nitric Oxide" 
Annual Dinner Meeting, New York Society of Pediatric Critical Care Medicine, New York, NY 

1995 Pediatric Grand Rounds 
"Controversy in Critical Care: New Views of Simple Gases" 
Cornell University Medical Center, New York, NY 

1995 FDA Invited Lecture 

"Inhaled Nitric Oxide for the Treatment of Persistent Pulmonary Hypertension of the Newborn" 
Open Meeting, Cardiovascular and Renal Drugs Advisory Committee, United States Food & 
Drug Admin!stration, Bethesda, MD 

1995 FDA Invited Discussant 
"Use of Inhaled Nitric Oxide in Pediatrics" 
Division of Cardiorenal Drug Products, U.S. Food & Drug Administration Rockville, MD 

1996 Invited Lecture 
"Persistent Pulmonary Hypertension and Alveolar/Capillary Dysplasia" 
Pediatric Grand Rounds, Elliot Hospital, Manchester, NH 

1996 Invited Lecture 
"Clinical Use of Inhaled Nitric Oxide" 
International Business Communications Nitric Oxide Conference, Philadelphia, PA 

1996 Seminar Speaker 
"Postoperative Management of Pulmonary Hypertension in Pediatric Patients with Congenital 

or Acquired Heart Disease" Annual Meeting, American College of Cardiology, Orlando, FL 

1996 Invited Lecture 
"Inhaled Nitric Oxide-Clinical Experience" 
First International Meeting on Pediatric Cardiac Intensive Care, Miami, FL 

1996 Invited Lecture 
"Pre and Postoperative Manipulation of the Vascular Resistance" 
Annual Meeting, American Heart Association, New Orleans, LA 

1996 Invited Lecture 
"Current Concepts in Neonatology" 
Section on Perinatology, American Academy of Pediatrics and the Joint Program in 
Neonatology, Harvard Medical School, Boston, MA 

1997 Seminar 
"Medical Management of Perioperative Pulmonary Hypertension" 
Annual Meeting, Society of Critical Care Medicine, San Diego, CA 

1997 Invited Lecture 
"Nitric Oxide and the Treatment of Postoperative Pulmonary Hypertension" 
Second World Congress of Pediatric Cardiology and Cardiac Surgery, Honolulu, Hawaii 
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1997 Invited Lecture 
"Inhaled Nitric Oxide for the Treatment of Persistent Pulmonary Hypertension of the Newborn" 
Open Meeting, Division of Cardiorenal Drugs, United States Food & Drug Administration, 
Bethesda, MD 

1997 Invited Lecture 
"Perioperative Care of the Child with Congenital Heart Disease: New Treatment 
Strategies for Pulmonary Hypertension" 
Cardiothoracic Anesthesia Meeting, Washington University, St. Louis, MO 

1997 Plenary Session 
"Advances and Controversies in Cardiac Management" 

Tenth Annual Pediatric Critical Care Colloquium, Hot Springs, AR 

1997 Invited Faculty 
"Critical Care of the Child with Congenital Heart Disease" (moderator lecturer, judge) 
Second International Symposium on Pediatric Cardiac Intensive Care, Palm Beach, FL 

1997 Invited Speaker 
"Nitric Oxide in Neonatal Care" 
Topics in Neonatal and Respiratory Care, Brigham & Women's Hospital, Boston, MA 

1998 Invited Lectures 
"Cardiac Surgery in Neonates: Morbidity and Mortality" 
Charleston Symposium on Congenital Heart Disease, Medical University of South Carolina, 
Charleston, SC 

1998 Symposium 
"Advances in ICU Management for Congenital Heart Disease" 
Annual Meeting, American College of Cardiology, Atlanta, GA 

1998 Invited Lecture 
"Intensive Care After Neonatal Cardiac Surgery: State-of-the-Art" 
First Annual Course on Frontiers in Diagnosis and Management of Congenital Heart Disease, 
Boston, MA 

1999 Invited Faculty 
"Myocardial Support for Low Cardiac Output" 
Society of Critical Care Medicine 
Current Concepts in Pediatric Critical Care Course, San Francisco, CA 

1999 Invited Lecture 
"Nitric Oxide and the Treatment of Pulmonary Hypertension" 
Oral Presentation Moderator, Walk Rounds with the Professor 
28th Scientific Symposium, Society of Criti~cal Care Medicine, San Francisco, CA 

1999 Symposium 
"The Airway, Mechanical Ventilation and Cardiopulmonary Interaction" 

Annual Meeting, American Heart Association, Atlanta, GA 

1999 Invited Speaker 
"Nitric Oxide and New Therapies" 
Third International Symposium on Pediatric Cardiac Intensive Care, Miami, FL 
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2000 Invited Faculty 
.. Nitric Oxide in the Perioperative Management of CHD" 
Cardiology Y2K, Annual Update on Pediatric Cardiovascular Disease, Orlando, FL 

2000 Symposium 
"Intensive Care Unit Management After Surgery for Single Ventricle HLHS Syndrome" 
Annual Meeting, American College of Cardiology, Anaheim, CA 

2000 Invited Lecture 
"Perioperative Care of the Premature Newborn with Congenital Heart Disease" 
Castaneda Society Meeting, Boston, MA 

2000 Invited Faculty 
.. Perioperative Care of the Premature Newborn with Congenital Heart Disease" 

Tenth Charleston Symposium on Congenital Heart Disease, Charleston, SC 

2001 Invited Faculty 
"Clinical Research" 
The Changing Face of Pediatric Cardiology 1950-2000: A Tribute to Alexander S. Nadas, M.D. 
The Cardiovascular Program at Children's Hospital, Boston, MA 

2001 Invited Faculty 
"Cardiopulmonary Support in the Pediatric Cardiac Intensive Care Unit" 
Third Course on Frontiers in Diagnosis and Management of Congenital Heart Disease, 
Newport, Rl 

2001 Invited Faculty 
Diverse Topics 

Fourth International Symposium on Pediatric Cardiac Intensive Care, Palm Beach, FL 

2002 Invited Speaker 
"Sildenafil for Treatment of Pulmonary Hypertension" 
ECMO Meeting, Children's National Medical Center, Keystone, Colorado 

2002 Invited Speaker 
"Novel Pediatric Applications of Commonly Used Adult Drugs" 
Back to our Future: Establishing Safety and Evidence in Pediatric Research 
Duke University, FDA & Industry, Washington, DC 

2002 Invited Lecturer 
"The Future of Inhaled Nitric Oxide for Children with Congenital Heart Disease" 
CME Course in Hematology, Northwestern University Medical School 
Chicago, Illinois 

2002 Invited Faculty 
"Manipulating Vascular Resistance in the Newborn: Is it Feasible?" 

3rd International Pediatric Cardiovascular Symposium, Atlanta, Georgia 

2002 Invited Speaker 
"Viagra for Pulmonary Hypertension" 

Hot Topics in Neonatology, Washington, DC 
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2003 Plenary Speaker 
"Changes in Worldwide Activity and Mortality in Cardiac Intensive Care" 
Debate: "Cardiac Patients Need Their Own ICU" 
Symposium Chairman: "New Strategies in Treatment of Pulmonary Hypertension" 

4th World Congress of Pediatric Intensive Care. Boston, Massachusetts 

2004 Invited Faculty 
"Pharmacologic Management of Low Cardiac Output Syndrome After Congenital Heart 
Surgery" Current Concepts in Pediatric Critical Care Medicine Course 
Society for Critical Care Medicine, Orlando, Florida 

2004 Invited F acuity 
"Structure of a Training Program in Pediatric Cardiac Intensive Care" 
33rd Annual Meeting of the Society for Critical Care Medicine, Orlando, Florida 

2004 Invited Faculty 
"Reconciling FDA, Academic, and Industry Objectives in Pediatric Clinical Trials" 

Cardiology 2004, Orlando, Florida (Children's Hospital of Philadelphia) 

2004 Invited Speaker 
"Cardiac and Central Nervous System Interactions 
15th Annual Pediatric Critical Care Colloquium, New York City, New York 

2004 Invited Faculty 
"Advances in the Management of Pulmonary Hypertension" 
"Physician Perspective on Electronic Billing: 
Congenital Cardiovascular Surgery Symposium, San Diego, California 

2004 Invited Participant in "How To" Session 
"How to Evaluate and Manage Pediatric Patients with Pulmonary Hypertension" 
American Heart Association, Scientific Sessions 2004, New Orleans, LA 

2004 Invited Faculty, Special Session 
"Twenty Year Retrospective: The Early Years and Later'' 
Pediatric Cardiac Intensive Care Symposium, Miami, FL 

2004 Invited Faculty 
"Nitric Oxide and the Intensive Care Setting" 
Pediatric Cardiac Intensive Care Symposium, Miami, FL 

2004 Invited Faculty 
"How to Design and Conduct Drug Trials" 
Pediatric Cardiac Intensive Care Symposium, Miami, FL 

2005 Invited Faculty 
"Therapies to Enhance the Effect of Inhaled Nitric Oxide" 
Symposium on New Directions in Nitric Oxide Therapy, Baylor College of Medicine, Texas 
Children's Hospital, Houston, Texas 

2005 Invited Speaker 
"Pulmonary Hypertension: Approaches to Management", 21 81 Annual Fetus and Newborn 
Conference, Boston, MA 
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2005 Invited Moderator 
"Low Birth Weight Neonates with Congenital Heart Disease", Pediatric Cardiac Intensive Care 
Symposium 2005 (PCICS 2005), Miami, FL 

2005 Invited Faculty 
Consensus Report on Treatment of Myocarditis. Pediatric Cardiac Intensive Care 
Symposium 2005 (PCICS 2005), Miami, FL 

2006 Invited Faculty 
"Challenges in Industry Sponsored Trials" and "Management of PVR in the Neonate" 
Ninth Annual Update on Pediatric Cardiovascular Disease (Children's Hospital of 
Philadelphia), Scottsdale, AZ 

2006 Invited Speaker 
Eddie Farrell Memorial Lecture, Massachusetts Society of Respiratory Care, Sturbridge, MA 

2006 Invited Faculty 
Second International Conference on Heart Failure in Children and Young Adults. Children's 
Hospital Orange County, Laguna Niguel, CA 

2007 Invited Speaker 
"Pulmonary Vascular Alterations in CHD" & "Drug Treatment for Pulmonary Hypertension". 
First International Conference on Childhood Pulmonary Vascular Disease, San Francisco, CA 

2008 Invited Speaker 
"Cardiac Critical Care: What's New and What Matters "STS Congenital Surgical Symposium, 
Ft. Lauderdale, Fl. 

2008 Invited Speaker 
Session Chair "Anticipating the Growing ACHD Population" 
Update on Pediatric Cardiovascular Disease - New and Evolving Concepts and Practices, 
Speaker: "Considerations for Caring for Adult Patients in a Pediatric ICU" & "Current Status of 
Inpatient Therapy" 
Scottsdale, AZ 

2008 Invited Speaker 
Forum Moderator: "Inhaled Nitric Oxide in the OR" 
ASA 2008 Annual Meeting, Orlando, FL 

2008 Invited Speaker 
"Postoperative Management and Outcome of the Term vs. Premature Newborn with 
Congenital Heart Disease" 
Management of Congenital Heart Disease in the Fetus & Neonate Symposium, Washington, 
DC 

2008 Invited Speaker 
"Pulmonary Hypertension" 
NPCNA Annual Fall Conference, Innovation and Inquiry in Pediatric Cardiology Nursing, 
Washington, DC 

2008 Invited Speaker 
"Critical Treatment Strategies for Acute Pulmonary Hypertension in Infants and Children 
cGMP-related Drugs » 
PCICS Annual Symposium 2008, Miami, FL 
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2009 Invited Speaker 
Session Moderator. "Cardiac Surgery" 
38th Annual Critical Care Congress of the Society of Critical Care Medicine, Nashville, TN 

2009 Invited Speaker 
Session Moderator. "Cardiac ECMO: State-of-the-Art" 
The 25th Annual CNMC Symposium: ECMO & The Advanced Therapies for Respiratory Failure 
Keystone, CO 

2009 Invited Speaker 
Session Moderator. "Pulmonary Vascular Alterations in Congenital Heart Disease" 
The 2nd International Neonatal and Childhood Pulmonary Vascular Disease Conference 
San Francisco, CA 

2009 Invited Speaker 
"Advances in Cardiac Intensive Care" 
9th Annual Cardiac Research Symposium -A. I. DuPont Hospital for Children, Nemours 
Symposia, Wilmington, DE 

2010 Invited Speaker 
"Cardiac Intensive Care: Celebrating Successes, Meeting Challenges" 
3rd Annual John J. Downes Lecture in Pediatric Anesthesia and Critical Care Medicine 
Orlando, FL 

2010 Invited Speaker 
"A Randomized Trial of Clopidogrel to Reduce Mortality and Shunt-Related Morbidity in Infants 
Palliated with a Systemic to Pulmonary Artery Shunt" 
Outstanding Research Awards (Council on Cardiovascular Disease in the Young) 
AHA Scientific Sessions, Chicago, IL 

2011 Invited Speaker 
"Workin~ with the FDA & Industry in Designing Pediatric Trials" 
The 21' Annual CNMC Symposium: ECMO & The Advanced Therapies for Respiratory Failure 
Keystone, CO 

2011 Invited Speaker 
"Resuscitation of the Patient with Pulmonary Hypertension" 
4th International Neonatal and Childhood Pulmonary Vascular Disease 
San Francisco, CA 

INTERNATIONAL 

1986 Invited Lecture 
"Recent Advances in the Intensive Treatment of Neonates with Congenital Heart Disease," 
A Week with the Experts, Ospedale Pediatrico Bambino Gesu, Rome, Italy 

1988 Invited Lecture 
"Perioperative Care of the Patient with HLHS" 
European Congress on Hypoplastic Left Heart Syndrome, Ospedale Pediatrico Bambino 
Gesu, Rome, Italy 
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1990 Invited Lecture 
"Perioperative Care of the Neonate with Congenital Heart Disease" 
Pediatric Critical Care Conference, Hospital for Sick Children, University of Toronto, Toronto 
Canada 

1991 Invited Lecture 
"Perioperative Intensive Care of the Child with Congenital Heart Disease" 
First International Pediatric Intensive Care Congress, Buenos Aires, Argentina 

1993 Invited Faculty 
"Regulation of the Pulmonary Circulation: Therapeutic Implications" 
First European Postgraduate Course in Neonatal and Pediatric Intensive Care, Berne, 
Switzerland 

1993 Invited Faculty 
"Pulmonary Hypertension: Pathophysiologic and Therapeutic Implications in Post Surgical 
Patients" Third International Meeting on Pediatric Intensive Care, University of Padova, Italy 

1993 Invited Lecture 
"Nitric Oxide to Test Pulmonary Vascular Reactivity to Control Hypertensive Crises and as a 
Potential Chronic Therapy" Canadian Cardiovascular Society, Vancouver, Canada 

1993 Invited Lecture 
"Nitric Oxide Inhalation after Correction of Congenital Heart Defects" 
International Conference on ARDS, Tutzing, Germany 

1994 Plenary Presentation 
"Perioperative Care of the Neonate" 
Cardiac Surgery Today: State of the Art, Onassis Medical Center, Athens, Greece 

1995 Invited Faculty 
"Nitric Oxide in the Treatment of Congenital Heart Disease" 
Annual Meeting of the Austrian Society for Lung Diseases, Gmunden, Austria 

1995 Plenary Speaker 
"Inhaled Nitric Oxide for Perioperative Management of Congenital Heart Disease" 
The VII Brazilian Congress of Intensive Care Medicine, Recife, Brazil 

1996 Invited Lecture 
"Nitric Oxide in Pulmonary Hypertension after Surgery for Congenital Heart Defects" 
Annual Meeting, European Society of Cardiology, Birmingham, United Kingdom 

1997 Symposium 
"The Failing Heart-Pediatric Aspects" 
The 7th World Congress of Intensive & Critical Care Medicine, Ottawa, Canada 

1997 Plenary Session 
"Inhaled Nitric Oxide" 
XXX Brazilian Pediatrics Congress and International Pediatric Symposium, Rio de Janeiro, 
Brazil 

1998 Invited Faculty 
Multiple lectures and workshops 
Pediatric Cardiac Intensive Care at the European Heart House 
European Society of Cardiology, Nice, France 
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1998 Invited Faculty 
Lectures on Congenital Heart Disease 
Argentine Congress of Cardiology, Buenos Aires, Argentina 

1999 Invited Lecture 
"Critical Aortic Stenosis in the Neonate" 
Second Postgraduate Course on Congenital and Acquired Heart Disease, Modena, Italy 

1999 Invited Lecture 
"Pathophysiology and Treatment of Pulmonary Hypertension 
Lund University Hospital, Lund, Sweden 

1999 Invited Lecture 
"Pulmonary Hypertension and Mechanical Support in Children with Heart Disease" 
Lindgren Children's Hospital at the Karolinska Institute, Stockholm, Sweden 

1999 Plenary Speaker 
"Frontiers in Pediatric Intensive Care" 
Annual Meeting, Society of Anesthesia and Critical Care, Gothenburg, Sweden 

1999 Invited Faculty 
"ICU Management of Two Stage Arterial switch" 
"The Role of Nitric Oxide in the Cardiac Patient" 
The First Hispano Latin American Course, Diagnosis and Management of Congenital Heart 
Disease, San Juan, Puerto Rico 

1999 Invited Lecture 
"Current Concepts in Post-operative Management" 
"ECMO in the New Millennium" 
Symposium on Pediatric Cardiology, Cordoba, Argentina 

1999 Invited Speaker 
"Inhaled Nitric Oxide" 
"Perioperative Care of the Newborn" 
The First Sino-American Symposium: New Developments in the Care of Children with 
Congenital Heart Disease, Shanghai Children's Medical Center, Shanghai, China 

2000 Invited Faculty and Track Convener 
"Issues in Perioperative Care" and multiple lectures 
The Third International Symposium on Pediatric Cardiac Intensive Care, Montreal, Canada 

2000 Invited Lecture 
"Endothelial Cell Function During Cardiopulmonary Bypass" 
5th World Congress on Trauma, Shock, Inflammation and Sepsis, Munich, Germany 

2000 Invited Lecture 
"Inhaled Nitric Oxide Therapy in Children after Cardiac Surgery" 
American Thoracic Society, 96th International Conference, Toronto, Canada 

2000 Invited Lecture 
"Pulmonary Hypertension and its Impact on Hemodynamics" 
Special Topics in Pediatric Cardiac Intensive Care Symposium, Royal Brompton & Harefield 
NHS Trust, London, United Kingdom 
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"Critical Care and Congenital Heart Disease"- diverse topics 
Pediatric FCCS Course, Taipei, Taiwan 

2000 Invited Lecture 
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"Advances in Peri operative Care of the Child with Congenital Heart Disease" 
Tenth Anniversary Lecture, Kaohsiung Veterans General Hospital, Taiwan 

2000 Invited Lecture 
"Postoperative Care of the Child with AV Septal Defect" 
European Cardiovascular Surgery's Postgraduate Course, Frankfurt, Germany 

2000 Seminar 
"Postoperative Care of Patients with Hypoplastic Left Heart Syndrome" 
European Association of Cardio-Thoracic Surgery, Annual Meeting, Frankfurt, Germany 

2000 Plenary Lecture 
"Diagnosis and Treatment of Pulmonary Hypertension" 
XIX Pan American Congress of Pediatrics, Montevideo, Uruguay 

2000 Invited Lecture 
"Postoperative Management of the Child with D-Transposition of the Great Arteries" 
"Diagnosis and Management of Pulmonary Arterial Hypertension" 
I Pediatric Cardiology Symposium, Dr. Aldo Castaneda, Guatemala City, Guatemala 

2001 Invited Faculty 
"Pulmonary Hypertension and Nitric Oxide" 
"Assessing and Managing Premature Newborns for Surgical and Catheter Intervention" 
Harvard Winter Course in Congenital Heart Management, Dubai, United Arab Emirates 

2001 Invited Lecture 
"Brain Protection During CPB" 
V European Postgraduate Course in Neonatal and Pediatric Intensive Care, Bern, Switzerland 

2001 Invited Lecture 
"Strategic Management of the Patient after Surgery" 
Third World Congress of Pediatric Cardiology and Cardiac Surgery, Toronto, Canada 

2001 Invited Faculty 
Special Topics in Paediatric Cardiac Intensive Care- 2001, The Challenging Neonate, 
The Royal Brompton Hospital & The National Heart & Lung Institute, London, England 

2002 Moderator 
European Consensus Meeting on Inhaled Nitric Oxide 
European Society of Pediatric and Neonatal Intensive Care, Rome, Italy 

2002 Invited Faculty 
"Assessment of Myocardial Function in the ICU" 
"Postoperative Management After Staged Repair of HLHS" 
"ECMO Management of the Single Ventricle Circulation" 
New Era in Congenital Heart Management 
Universidad Complutense Madrid and Real Colegio Complutense en Harvard, The Heart 
Institute Hospital, Universitario "12 de Octubre", Madrid, Spain 
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2002 Guest Lecturer 
"Failing Hearts: The Paediatric Problem and Current Treatments" 
"Inhaled Nitric Oxide and Pulmonary Vasodilators for the Failing Right Heart" 
"Routine ECMO for Resuscitation" 
The Third Special Topics in Paediatric Cardiac Intensive Care, The Failing Myocardium 
Royal Brompton Hospital, Imperial College, London, United Kingdom 

2003 Invited Faculty 
"Support for the Failing Ventricle" 
"Management of Pulmonary Hypertension: From the OR to the Home" 
Debate: "Early Extubation is the Best Defense Against Postoperative Complications" 
First Asia Pacific Symposium on Pediatric Cardiac Intensive Care, Phuket, Thailand 

2003 Guest Lecturer 
"Pharmacologic Management of Pulmonary Hypertension" and Other Topics 
IX Curso de Actualizaci6n en Cardiologia Pediatrics, Madrid, Spain 

2003 Guest Lecturer 
"Recent Advances in the Use of Inhaled Nitric Oxide in Patients with Congenital Heart 
Disease". Inhaled Nitric Oxygen Symposium for Neonatologists. Madrid, Spain 

2003 Invited Participant 
Third World Symposium on Pulmonary Arterial Hypertension (WHO). Venice, Italy 

2003 Special Guest Lecturer 
"Indications for Inhaled Nitric Oxide in the Neonatal and Postoperative Care of Critically Ill 
Children" 
Annual Meeting of the German Society of Pediatric Cardiology. Weimar, Germany 

2003 Invited Speaker 
"Predicting and Treating Low Cardiac Output in the Postoperative Patient" 
Annual Meeting of the European Association of Cardiothoracic Surgeons. Vienna, Austria 

2003 Invited Faculty 
"The Paperless ICU" 
"Pulmonary and Systemic Vasodilators" 
"Genetic Basis for Heterotaxy'' 
Harvard Medical International, Children's Hospital Boston Course in Congenital Heart Disease 
Abu Dhabi, United Arab Emirates 

2003 Invited Speaker 
"Extracorporeal Membrane Oxygenation for Cardiopulmonary Resuscitation in Children" 
Hammersmith Hospital Workshop on Perfusion. London, United Kingdom 

2004 Keynote Speaker 
"Pulmonary Hypertension Therapy-Now and in the Future" 
Pulmonary Hypertension in Early Life, St. Guys and St. Thomas' Hospital 
London, United Kingdom 

2004 Keynote Address 
"Pulmonary Hypertension: State of the Art" 
Opening Ceremony, Annual Meeting of the European Society of Pediatric and Neonatal 
Intensive Care, London, United Kingdom 
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2005 Plenary Speaker 
"Recent Advances in Heart Failure and Pulmonary Hypertension", The Fourth World Congress 
of Pediatric Cardiology and Cardiac Surgery, Buenos Aires, Argentina. 

2005 Invited Speaker 
Controversy Session: "Inhaled lloprost is the Best Pulmonary Vasodilator?", The Fourth World 
Congress of Pediatric Cardiology and Cardiac Surgery, Buenos Aires, Argentina. 

2005 Invited Speaker 
Chair, Oral Presentations: "Cardiac Intensive Care", The Fourth World Congress of Pediatric 
Cardiology and Cardiac Surgery, Buenos Aires, Argentina. 

2006 Invited Faculty 
"Outcomes of Heart Failure in the ICU: Mechanisms of Postoperative Dysfunction." Congress 
of Ventricular Dysfunction in Childhood, OPBG Cardiovascular International. Rome, Italy 

2007 Invited Speaker 
Multiple Oral Presentations and Panel Chair 
Fifth World Congress on Pediatric Critical Care, Geneva, Switzerland 

2007 Invited Speaker 
"Cuidado perioperatorio del recien nacido con enfermedad cardiaca congenita", VI Annual 
Colombian Critical Care Congress, Medellin, Colombia 

2007 Invited Speaker 
"Postoperative Treatment of Pulmonary Hypertension," & "Postoperative Care of Hypoplastic 
Left Heart: Comparing Norwood with BT Shunt vs. Sana from Birth through the Fontan." 
International Cardiology Meeting, Avignon, France 

2008 Invited Faculty 
Plenary Lecture: "Pediatric Cardiac Intensive Care: Past, Present and Future"; "Dedicated 
Training Pathways in Pediatric Cardiac Intensive Care" & "How to plan a Research Study in 
ICU" 
PCICS Europe Symposium, Monte Carlo, Monaco 

2009 Invited Speaker 
"Acute Heart Failure Pathophysiology", Treatment of Postoperative Acute Cardiac Failure", 
"Mechanical Support of Acute Cardiac Failure" 
International Pediatric Cardiology Conference 
Cartagena, Colombia 

2010 Invited Faculty 
Session Moderator: Pulmonary Hypertension, Right Ventricular Function and Congenital Heart 
Disease 
3ro International Conference Neonatal and Childhood Pulmonary Vascular Disease 
Banff, Alberta, Canada 

2010 Invited Speaker 
"Intraoperative Care and Perioperative Management for Transposition" 
The World Society for Pediatric and Congenital Heart Surgery 
Antigua, Guatemala 
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10) GRANTS AWARDED 

FUNDING INFORMATION 

1987-89 The effects of ventilation on pulmonary vascular resistance in infants following cardiopulmonary bypass. 
Principal Investigator, American Society of Anesthesiologists Research Starter Grant. 

1988-91 Infant heart surgery: CNS sequelae of circulatory arrest. Co-Investigator, National Institutes of Health. 
Grant No. HL41786. 

1993-96 Ischemic neonatal brain injury: clinical and basic science. Co-investigator, National Institutes of Health. 
Grant No. P20 NS32570 

1994-96 Inhaled nitric oxide for the treatment of pulmonary hypertension and acute respiratory failure in children. 
Principal Investigator, Clinical Research Grant-in-Aid Award, Children's Hospital, Boston, 

Massachusetts. Grant No. CH 89430. 

1994-99Pathogenesis of brain injury in infant heart surgery. Clinical advisor I mentor to Dr. Adre J. DuPlessis, 
National Institutes of Health. Grant No. K08 NS01721 

1996-99 Dose response of inhaled nitric oxide in congenital heart disease. Principal Investigator, U.S. Food and 
Drug Administration. Grant No. FD R-001316. 

1997-99 Neurodevelopmental follow up of patients with PPHN in a randomized trial of nitric oxide. Principal 
Investigator, Industry Sponsored. 

1997-00 Echocardiographic assessment of right ventricular function in patients with pulmonary hypertension. 
Sponsor for Dr. Ricardo Munoz (MCAP), National Institutes of Health Grant No. M01 RR02172. 

2000-01 Prophylactic use of Primacor® in pediatric patients at high risk of developing low cardiac output 
syndrome following cardiac surgery. Principal Investigator, Industry Sponsored. 

2004-06 Principal Investigator (Boston) on three industry sponsored trials of sildenafil for treatment of pediatric 
pulmonary hypertension (see below). 

2004-08 A Randomized, Double-Blind, Placebo Controlled, Dose Ranging, Parallel Group Study of Oral 
Sildenafil in the Treatment of Children, Aged 1-16 Years, With Pulmonary Hypertension. Principal 
Investigator, Industry Sponsored 

2004-08 Multicenter, Long-Term Extension Study to Assess Safety of Oral Sildenafil in the Treatment of 
Subjects Who Have Completed Study A 1481131. Principal Investigator, Industry Sponsored 

2004-06 7-Day, Open-Label, Multicenter, Pharmacokinetic Study (Part 1) of IV Sildenafil in the Treatment of 
Neonates With Persistent Pulmonary Hypertension of the Newborn (PPHN) or Hypoxic Respiratory 
Failure and at Risk for PPHN. Principal Investigator, Industry Sponsored 

2006-08 Pilot Study of the Effects of Nesiritide on Hemodynamics and Urine Output Following Cardiopulmonary 
Bypass in Children. Co-investigator and mentor (John M. Costello); American Heart Association. 

2006-10 Multinational Trial on the Efficacy and Safety of Clopidogrel in Infants with Cyanotic Congenital Heart 
Disease Palliated with a Systemic to Pulmonary Shunt (CLARINET). (Chair, Steering Committee, 
Institutional Co-investigator). Industry Sponsored (Sanofi-Aventis). 
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Collaborative Pediatric Critical Care Research Network (CPCCRN). NIH-NICHD 
U10410HD049981. Principal Investigator; 20% effort. Base award over 5 years $925,000 direct 
costs plus annual awards for protocol funds (e.g. 2010 = $200,000) 
• Critical Pertussis in US Children. Protocol #001 
• The Critical Illness Stress-induced Immune Suppression Prevention Trial (CRISIS). Protocol 

#003 
• Development of a Quantitative Functional Status Scale (FSS) for Pediatric Patients. 

Protocol #004 
• Therapeutic Hypothermia after Pediatric Cardiac Arrest Trials (THAPCA). Protocol #010 
• Cortisol Quantification Investigation. Protocol #012 
• Measuring Opioid Tolerance Induces by Fentanyl (or Other Opioids). Protocol #026 
• Physician's Perspectives on the Physician-Parent Follow-Up Conference. 
• Pediatric Intensive Care Unit Bereavement Study 
• CPCCRN Asthma Study 

REPORT OF CURRENT RESEARCH ACTIVITIES 
1. My primary current research activity involves designing and executing national and international pediatric 
clinical trials. 

2. Safety and efficacy of type V phosphodiesterase inhibitors in children as selective pulmonary vasodilators 
and to augment vasodilatory potential of nitric oxide and attenuate rebound pulmonary hypertension. I was the 
overall primary scientific advisor in the development and execution of international multicenter randomized trials 
on type V inhibitors in pediatrics, Industry sponsored. Final publications in press. 

3. Outcome studies evaluating ventilator management, inotropic agents, mechanical support ofthe circulation 
and new strategies in the critical care management and perioperative care of 

a) premature newborns with congenital heart disease 
b) newborns after reparative surgery involving the right ventricle 
c) extracorporeal membrane oxygenation resuscitation of children with congenital heart disease. 

4. Multinational Trial on the Efficacy and Safety of Clopidogrel in Infants with Cyanotic Congenital Heart 
Disease Palliated with a Systemic to Pulmonary Shunt (CLARINET). (Chair, Steering Committee, 
Institutional Co-investigator). Industry Sponsored. 

5. I am the Principal Investigator (CNMC) and steering committee member for the NIH funded clinical 
research network with multiple active protocols listed above. 

11) PUBLICATIONS 

PAPERS IN REFEREED JOURNALS 

1. Hickey PR, Hansen DO, Wessel DL, Lang P, Jonas RA. Pulmonary and systemic hemodynamic responses to 
fentanyl in infants. Anesth Analg 1985;64:483-6. 

2. Hickey PR, Hansen DO, Wessel DL, Lang P, Jonas RA. Blunting of stress responses in the pulmonary 
circulation by fentanyl. Anesth Analg 1985;64:1137-42. 

3. Wessel DL, Keane JF, Fellows KE, Robichaud H, Lock JE. Fibrinolytic therapy for femoral arterial thrombosis 
after cardiac catheterization in infants and children. Am J Cardiol1986;58:347-51. 

4. Wessel DL, Lock JE. Transcatheter umbrella closure of congenital cardiac defects: technical considerations. 
Adv Bioeng (ASME). 1987;12:143-144. 

5. Wessel DL, Keane JF, Parness I, Lock JE. Outpatient closure of the patent ductus arteriosus. Circulation 
1988;77:1068-1071. 
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6. Castaneda AR, Mayer JE, Jonas RA, Lock JE, Wessel DL, Hickey PR. The neonate with critical congenital 
heart disease: repair- a surgical challenge. J Thorac Cardiovasc Surg 1989;98:869-75. 

7. DiDonato RM, Wernovsky G, Walsh EP, Colan SD, Lang P, Wessel DL, Jonas RA, Mayer JE Jr, Castaneda 
AR. Results of the arterial switch operation for transposition of the great arteries with ventricular septal defect: 
Surgical considerations and midterm follow-up data. Circulation 1989;80:1689-1705. 

8. Wernovsky G, Jonas RA, Colan SD, Sanders SP, Wessel DL, Castaneda AR, Mayer JE: Results of the 
arterial switch operation in patients with transposition of the great arteries and abnormalities of the mitral valve 
or left ventricular outflow tract. JAm Coli Cardiol1990;16:1446-1454. 

9. Bellinger DC, Wernovsky G, Rappaport LA, Mayer JE Jr, Castaneda AR, Farrell DM, Wessel DL, Lang P, 
Hickey PR, Jonas RA, Newburger JW. Cognitive development of children following early repair of 
transposition of the great arteries using deep hypothermic circulatory arrest. Pediatrics 1991 ;87:701-707. 

10. Chang AC, Wernovsky G, Kulik T J, Jonas RA, Wessel DL. Management of the neonate with transposition of 
the great arteries and persistent pulmonary hypertension. Am J Cardiol1991 ;68: 1253-1256. 

11. Chang AC, Hanley FL, Weindling SN, Wemovsky G, Wessel DL. Left heart support with a ventricular assist 
device in an infant with acute myocarditis. Crit Care Med 1992;20:712-715. 

12. Hickey PR, Wessel DL, Streitz SL, Fox ML, Kern FH, Bridges, NO, Hansen, DD. Transcatheter closure of 
atrial septal defects: Hemodynamic complications and anesthetic management. Anesth Analg 1992;7 4:44-
50. 

13. Wemovsky G, Giglia TM, Jonas RA, Mane SM, Colan SO, Wessel DL. Course in the intensive care unit after 
'preparatory' pulmonary artery banding and aortopulmonary shunt placement for transposition of the great 
arteries with low left ventricular pressure. Circulation 1992;86[supplll]ll133-139. 

14. Wong PC, Barlow CF, Hickey PR, Jonas RA, Castaneda AR, Farrell OM, Lock JE, Wessel DL. Factors 
associated with choreoathetosis after cardiopulmonary bypass in children with congenital heart disease. 
Circulation 1992;86[supplll]:ll118-11126. 

15. Chang AC, Wemovsky G, Wessel DL, Freed MD, Parness lA, Perry SB, O'Brien P, Van Praagh R, Hanley FL, 
Jonas RA, Castaneda AR, Mayer JE. Surgical management for late right ventricular failure after Mustard or 
Senning repair. Circulation 1992;86[supplll]:ll-140-ll-149. 

16. Chang AC, Kulik T J, Hickey P, Wessel DL. Real-time gas exchange measurement of oxygen consumption 
in neonates and infants after cardiac surgery. Crit Care Med 1993;21:1287-1295. 

17. lrazuzta J, Pearlman N, Pascucci R, Wessel DL. Effects of fentanyl administration on respiratory system 
compliance in infants. Crit Care Med 1993;21:1001-1004. 

18. Chang AC, Hanley FL, Wernovsky G, Rosenfeld H., Wessel DL, Jonas RA, Mayer JE, Castaneda AR. Early 
bidirectional cavopulmonary shunt in young infants: postoperative course and early results. Circulation 1993; 
86[supplll]:ll-149-11158. 

19. Hanley FL, Heinemann MK, Jonas RA, Mayer JE, Cook NR, Wessel DL, Castaneda AR. Repair of truncus 
arteriosus in the neonate. J Thorac Cardiovasc Surg 1993;105:1047-1056. 

20. Wessel DL. Hemodynamic responses to perioperative pain and stress in infants. Crit Care Med 1993; 
21 [suppi]:S361-S362. 
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21. Newburger JW, Jonas RA, Wernovsky G, Wypij D, Hickey PR, Kuban KCK, Farrell DM, Holmes GL, Helmers 
SL, Constantinou J, Carrazana E, Barlow JK, Walsh AZ, Lucius KC, Share JC, Wessel DL, Hanley FL, Mayer, 
JE, Castaneda AR, Ware JH. A comparison of the peri operative neurologic effects of hypothermic circulatory 
arrest versus low-flow cardiopulmonary bypass in infant heart surgery. N Engl J Med 1993;329:1057-1064. 

22. Wessel DL. Inhaled nitric oxide for the treatment of pulmonary hypertension before and after cardiopulmonary 
bypass. Crit Care Med 1993;21 [suppi]:S344-S345. 

23. Adatia I, Thompson J, Landzberg M, Wessel DL. Inhaled nitric oxide in chronic obstructive lung disease. 
Lancet 1993;341 :307-308. (Letter) 

24. Wessel DL, Adatia I, Giglia TM, Thompson JE, Kulik T J. Use of inhaled nitric oxide and acetylcholine in the 
evaluation of pulmonary hypertension and endothelial function after cardiopulmonary bypass. Circulation 
1993;88:2128-2138. 

25. Wessel DL, Adatia I, Thompson JE, Hickey PR. Delivery and monitoring of inhaled nitric oxide in patients 
with pulmonary hypertension. Crit Care Med 1994;22:930-938. 

26. Drucker N, Colan S, Lewis AB, Beiser A, Wessel DL, Takahashi M, Rosen FS, Baker A, Perez A, Newburger 
JW. Gamma globulin treatment of acute myocarditis in the pediatric population. Circulation 1994;89:252-257. 

27. Jonas RA, Hansen DO, Cook N, Wessel DL. Anatomic subtype and survival after reconstructive operation for 
hypoplastic left heart syndrome. J Thoracic Cardiovasc Surg 1994;107:1121-1128. 

28. duPlessis AJ, Treves ST, Hickey PR, O'Tauma L, Barlow CF, Costello J, Castaneda AR, Wessel DL. 
Regional cerebral perfusion abnormalities after cardiac operations. J Thoracic Cardiovasc Surg 
1994;107:1036-1043. 

29. Chang AC, Hanley FL, Lock JE, Wessel DL. Management and outcome of low birth weight neonates with 
congenital heart disease. J Pediatr 1994;124:461-466. 

30. Adatia I, Lillehei C, Arnold JH, Thompson JE, Palazzo R, Fackler JC, Wessel DL. Inhaled nitric oxide in the 
treatment of postoperative graft dysfunction after lung transplantation. Ann Thor Surg 1994;57:1311-1318. 

31. duPlessis AJ, Kramer U, Jonas RA, Wessel DL, Riviello JJ. West syndrome following deep hypothermic 
infant cardiac surgery. Pediatr Neurol 1994;11 :245-251. 

32. Lillehei CW, Shamberger RC, Mayer JE, Burke RP, Koka BV, Arnold J, Wessel DL, Landzberg M, Palazzo R. 
Size disparity in pediatric lung transplantation. J Pediatr Surg 1994;29(8):1152-1155. 

33. Chang, AC, Zucker HE, Hickey PR, Wessel DL. Pulmonary vascular resistance in infants after cardiac 
surgery: role of carbon dioxide and hydrogen ion. Crit Care Med 1995;23:568-574. 

34. Adalia I, Perry S, Landzberg M, Moore P, Thompson JE, Wessel DL. Inhaled nitric oxide and hemodynamic 
evaluation of patients with pulmonary hypertension before transplantation. JAm Coli Cardiol1995;25:1656-
1664. 

35. duPlessis AJ, Chang AC, Wessel DL, Lock JE, Wernovsky G, Newburger JW, Mayer JE. Cerebrovascular 
accidents following the Fontan operation. Pediatr Neural 1995; 12:230-236. 

36. Wernovsky G, Wypij D, Jonas RA, Mayer JE, Hanley FL, Hickey PR, Walsh AZ, Chang AC, Castaneda AR, 
Newburger JW, Wessel DL. Postoperative course and hemodynamic profile after the arterial switch operation 
in neonates and infants: A comparison of low-flow cardiopulmonary bypass and circulatory arrest. Circulation 
1995;92:2226-2235. 
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37. Betit P, Adatia I, Benjamin P, Thompson JE, Wessel DL. Inhaled nitric oxide: evaluation of a continuous 
titration delivery technique for infant mechanical and manual ventilation. Resp Care 1995;40(7):706-715. 

38. Chang AC, Atz AM, Wernovsky G, Burke RP, Wessel DL. Milrinone: Systemic and pulmonary hemodynamic 
effects in neonates after cardiac surgery. Crit Care Mad 1995;23:1907-1914. 

39. Curran RD, Mavroudis C, Backer CL, Sautel M, Zales VR, Wessel DL. Inhaled nitric oxide for children with 
congenital heart disease and pulmonary hypertension. Ann Thorac Surg 1995;60:1765-1771. 

40. Adatia I, Atz AM, Jonas RA, Wessel DL. Diagnostic use of inhaled nitric oxide after neonatal cardiac surgery. 
J Thoracic Cardiovasc Surg 1996;112:1403-1405. 

41. Atz AM, Adalia I, Jonas RA, Wessel DL. Inhaled nitric oxide in children with pulmonary hypertension and 
congenital mitral stenosis. Am J Cardiol1996;77:316-319. 

42. Atz AM, Adatia I, Wessel DL. Rebound pulmonary hypertension following inhalation of nitric oxide. Ann 
Thorac Surg 1996;62:1759-1764. 

43. Betit P, Grenier 8, Thompson JE, Wessel DL. Evaluation of four analyzers used to monitor nitric oxide and 
nitrogen dioxide concentrations during inhaled nitric oxide administration. Res Care 1996;41(9):817-825. 

44. Wessel DL. Simple Gases and Complex Single Ventricles. J Thoracic Cardiovasc Surg 1996;112:655-7. 

45. Hornberger LK, Colan SO, Lock JE, Wessel DL, Mayer JE. Outcome of patients with Ectopia Cordis and 
significant intracardiac defects. Circulation 1996;94[supplll] :11-32-11-37. 

46. du Plessis AJ, Jonas RA, Wypij D, Hickey PR, Riviello J, Wessel DL, Roth SJ, Burrows FA, Walter G, Farrell 
DM, Walsh AZ, Plumb CA, del Nido P, Burke RP, Castaneda AR, Mayer JE Jr., Newburger JW. Perioperative 
effects of alpha-stat versus pH-stat strategies for deep hypothermic cardiopulmonary bypass in infants. 

47. Christou H, Adatia I, Van Marter LJ, Kane JW, Thompson JE, Stark AR, Wessel DL, Kourembanas S. Effect 
of inhaled nitric oxide on endothelin-1 and cyclic guanosine 5'-monophosphate plasma concentrations in 
newborns with persistent pulmonary hypertension. J Pediatrics 1997;130(4):603-611. 

48. Walsh EP, Saul P, Sholler G, Triedman JK, Jonas RA, Mayer JE, Wessel DL. Evaluation of a staged 
treatment protocol for rapid junctional ectopic tachycardia after surgery for congenital heart disease. J Am 
Coli Cardiol1997;29(5):1046-1053. 

49. Tabbutt S, Duncan BW, McLaughlin D, Wessel DL, Jonas RA, Laussen PC. Delayed sternal closure after 
cardiac operations in a pediatric population. J Thorac Cardiovasc Surg 1997;113(5):886-893. 

50. Wessel DL, Adatia I, Thompson JE, Van Marter L, Kane JW, Stark AR, Kourembanas S. Improved 
oxygenation in a randomized trial of inhaled nitric oxide for persistent pulmonary hypertension of the newborn. 
Pediatrics 1997;100(5):1-7. 

51. Atz AM, Wessel DL. Inhaled nitric oxide in sickle cell disease with acute chest syndrome. Anesthesiology 
1997;87(4 ):988-990. 

52. AtzAM, Wessel DL. Inhaled nitric oxide and heparin for infantile primary pulmonary hypertension. The Lancet 
1998;351 :1701. 

53. Duncan BW, Ibrahim AE, Hraska V, del Nido PJ, Laussen PC, Wessel DL, Mayer JE Jr, Bower LK, Jonas RA. 
Use of rapid-deployment extracorporeal membrane oxygenation for the resuscitation of pediatric patients with 
heart disease after cardiac arrest. J Thorac Cardiovasc Surg 1998;116(2):305-311. 
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54. Weindling SN, Saul JP, Gamble WJ, Mayer JE, Wessel DL, Walsh EP. Duration of complete atrioventricular 
block after congenital heart disease surgery. Am J Cardiol1998;82(2):525-527. 

55. Atz AM, Adatia I, Lock JE, Wessel DL. Combined effects of nitric oxide and oxygen during acute pulmonary 
vasodilator testing. JAm Coli Card 1999;33(3):813-819. 

56. Christou H, Magnani 8, Morse OS, Allred EN, Van Marter LJ, Wessel DL, Kourembanas. Inhaled nitric oxide 
does not affect adenosine 5'-diphosphate-dependent platelet activation in infants with persistent pulmonary 
hypertension ofthe newborn. Pediatrics 1998;102:1390-1393. 

57. Duncan BM, Hraska V, Jonas RA, Wessel DL, del Nido, PJ, Laussen PC, Mayer JE, Lapierre RA, Wilson JM. 
Mechanical circulatory support in children with cardiac disease. J Thorac Cardiovasc Surg 1999; 117:529-

542. 

58. del Nido PJ, Duncan BW, Mayer JE, Wessel DL, LaPierre R, Jonas RA. Left ventricular assist device 
improves survival in children with left ventricular dysfunction after repair of anomalous origin of the left 
coronary artery from the pulmonary artery. Ann Thorac Surg 1999;67(1):169-172. 

59. Atz AM, Feinstein JA, Perry SB, Wessel DL. Preoperative management of pulmonary venous hypertension in 
hypoplastic left heart syndrome with restrictive atrial septal defect. Am J Card 1999;83:1224-1228. 

60. Atz AM, Wessel DL. Sildenafil ameliorates effects of inhaled nitric oxide withdrawal. Anesthesiology 
1999;91 :307-310. 

61. Munoz R, Laussen PC, Palacio G, Zienko L, Piercey G, Wessel DL. Changes in whole blood lactate levels 
during cardiopulmonary bypass for surgery for congenital cardiac disease: An early indicator of morbidity and 
mortality. J Thorac Cardiovasc Surg 2000;119:155-162. 

62. Munoz R, Laussen PC, Palacio G, Zienko L, Piercey G, Wessel DL. Whole blood ionized magnesium: Age­
related differences in normal values and clinical implications of ionized hypomagnesemia in patients 
undergoing surgery for congenital cardiac disease. J Thorac Cardiovasc Surg 2000;119:891-898. 

63. Cataltepe S, Van Marter LJ, Kozakewich H, Wessel DL, Lee PJ, Levy HL. Pulmonary hypertension 
associated with nonketotic hyperglycinemia. J lnher Metab Dis 2000;23:137-144. 

64. Munoz R, Marcus E, Palacio G, Gauvreau K, Wessel DL, Colan SO. Reconstruction of three dimensional 
right ventricular shape and volume from three orthogonal planes. JAm Soc Echocardiogr 2000;13 (3):177-
185. 

65. Marcus EN, Munoz RA, Palacio G, Wessel DL, Colan SO. A new quantitative method for the diagnosis of right 
ventricular hypertensive disorders in 3 dimensions. JAm Soc Echocardiogr 2000;13(3):186-193. 

66. Christou H, Van Marter LJ, Wessel DL, Allred EN, Kane JW, Thompson JE, Stark AR, Kourembanas S. 
Inhaled nitric oxide reduces the need for extracorporeal membrane oxygenation in infants with persistent 
pulmonary hypertension of the newborn. Crit Care Med 2000;28(11):3722-3727. 

67. Ellington M Jr., O'Reilly D, Allred EN, McCormick MC, Wessel DL, Kourembanas S. Child health status, 
neurodevelopmental outcome, and parental satisfaction in a randomized, controlled trial of nitric oxide for 
persistent pulmonary hypertension of the newborn. Pediatrics 2001 ;107:1351-1356. 

68. Bacha EA, Almodovar MC, Zurakowski D, Wessel DL, Mayer JE Jr., Jonas RA, del Nido PJ. Surgery for 
coarctation of the aorta in infants weighing less than 2 kg. Ann Thorac Surg. 2001 ;71 (4):1260-4. 

69. Duncan BW, Bohn DJ, Atz AM, French JW, Laussen PC, Wessel DL. Mechanical circulatory support for the 
treatment of children with acute fulminant myocarditis. J Thorac Cardiovasc Surg 2001; 122(3):440-8. 
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70. Rosales AM, Walsh EP, Wessel DL, Triedman JK. Postoperative ectopic atrial tachycardia in children with 
congenital heart disease. Am J Cardiol2001; 88(10):1169-72. 

71. Hoffman TM, Wernovsky G, Atz AM, Bailey JM, Akbary A, Kocsis JF, Nelson DP, Chang AC, Kulik T J, Spray 
TL, Wessel DL. Prophylactic intravenous use of milrinone after cardiac surgery in pediatrics. (PRIMACORP) 
Study. Am Heart J 2002; 143:15-21. 

72. duPlessis AJ, Bellinger D, Gauvreau K, Plumb C, Newburger JW, Jonas RA, Wessel DL. Choreoathetosis 
following cardiac surgery in children. Long-term neurologic, cognitive, and behavioral outcome. Ped Neural 
2002; 27:9-17. 

73. Menache CC, du Plessis AJ, Wessel DL, Jonas RA, Newburger JW. Current incidence of acute neurologic 
complications following open-heart surgery in children. Ann Thorac Surg 2002; 73:1752-8. 

74. Booth KL, Roth SJ, Perry SB, del Nido PJ, Wessel DL, Laussen PC. Cardiac catheterization of patients 
supported by extracorporeal membrane oxygenation. JAm Coli Cardiol2002; 40:1681-6. 

75. Marcus EN, Munoz RA, Margossian R, Colan SO, Wessel DL. Echocardiographic assessment of the right 
ventricular response to hypertension in neonates on the basis of average-shaped contraction models. J Am 
Soc Echocardiogr 2002; 15:1145-53. 

76. Hoffman TM, Wernovsky G, Atz AM, Kulik TJ, Nelson DP, Chang AC, Bailey JM, Akbary A, Kocsis JF, 
Kaczmarek R, Spray TL, Wessel DL. Efficacy and safety of milrinone in preventing low cardiac output 
syndrome in infants and children after corrective surgery for congenital heart disease. Circulation 2003; 
107:996-1002. 

77. Atz AM, Munoz RA, Adalia I, Wessel DL. Diagnostic and therapeutic uses of inhaled nitric oxide in neonatal 
Ebstein's anomaly. Am J Cardiel. 2003 Apr 1;91(7):906-8. 

78. Newburger JW, Wypij D, Bellinger DC, duPlessis AJ, Kuban KC, Rappaport LA, Almirall D, Wessel DL, 
Jonas RA, Wernovsky G. Length of stay after infant heart surgery is related to cognitive outcome at age 8 
years. J Pediatr. 2003 Jul;143(1):67-73. 

79. Bailey JM, Hoffman TM, Wessel DL, Nelson DP, Atz AM, Chang AC, Kulik T J, Spray TL, Akbary A, Miller RP, 
Wernovsky G. A population pharmacokinetic analysis of Milrinone in pediatric patients after cardiac surgery. 
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DECLARATION OF DOUGLAS A. GREENE. M.D. 
UNDER 37 C.F.R. § 1.132 

I, Douglas A. Greene, do hereby declare the following: 

USSN: 12/820,866 

1. I currently hold the position of Executive Vice President and Head of Research 

and Development at INO Therapeutics LLC ("INO"), which is a wholly-owned subsidiary of 

Ikaria, Inc. A copy of my curriculum vitae is attached as Exhibit 1. 

2. I received an undergraduate degree in biology (cum laude) from Princeton 

University in 1966 and a doctoral degree in medicine (M.D.) from Johns Hopkins School of 

Medicine in 1970. 

3. I spent the next thirty years of my medical career (1970-2000) practicing and 

teaching medicine at some of America's foremost academic medical centers, including Johns 

Hopkins, Penn, Pitt, and the University of Michigan. At Michigan, I was a full professor of 

internal medicine, director of the Michigan Diabetes Research and Training Center, and chief of 

the Division of Endocrinology and Metabolism. 
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4. In 2000, I left Michigan to join Merck as Executive Vice President in charge of 

clinical sciences and product development. In this role, I supervised and directly managed all 

clinical research at Merck Research Laboratories, among other duties. 

5. In 2003, I left Merck for Sanoti-Aventis, where I became a Senior Vice President 

and Chief Medical Officer. My duties at Sanofi-A ventis included overseeing all aspects of pre­

clinical and clinical regulatory development of the company's products and overseeing all 

medical aspects of the company's US business. 

6. In 2010, I joined INO, where- as noted above- I am presently Executive Vice 

President and Head of Research and Development. 

7. I have been shown a Non-Final Office Action issued by the United States Patent 

and Trademark Office (USPTO) on June 8, 2011 in a pending patent application having US 

serial number 12/820,866. This Non-Final Office Action rejected the pending claims of 

12/820,866 as "obvious" based on clinical interpretations presented by the USPTO regarding the 

teaching and disclosure of Atz & Wessel. (Seminars in Perinatology 1997, 21 (5), 441-455), 

Kinsella et al. (Lancet 1999, 354 I 061-1 065) and Loh et al. (Circulation 1994, 90, 2780-2785). 

Below is my professional opinion and interpretation of the arguments and clinical interpretations 

presented by the USPTO within the Non-Final Office Action of June 8, 2011, for 12/820,866 

(the "Office Action). 

8. On page 7 of the Office Action, the Examiner states: 

"Atz et a/. teach that: 'Caution should be exercised when administering NO to 
patients with severe left ventricular dysfunction and pulmonary hypertension. ' 
(page 452, left column). " 

A more complete excerpt from Atz & Wessel, p. 452, left column is as follows: 

"Caution should be exercised when administering NO to patients with severe 
left ventricular dysfunction and pulmonary hypertension. In adults with 
ischemic cardiomyopathy, sudden pulmonary vasodilation may occasionally 
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unload the right ventricle sufficiently to increase pulmonary blood flow and 
harmfully augment preload in a compromised left ventricle. The attendant 
increase in left atrial pressure may produce pulmonary edema .... A different 
but related phenomenon may be operative in the newborn .... " (emphasis 
added) 

Thus, although Atz & Wessel warns that "[c]aution should be exercised when administering 

nitric oxide (NO) to patients with severe left ventricular dysfunction and pulmonary 

hypertension[,]" this caution is specifically limited to two populations of patients. In the first 

population, the statement in Atz & Wessel p. 452, left column, is directed to adult patients with 

ischemic cardiomyopathy who also exhibit severe left ventricular dysfunction and pulmonary 

hypertension. This patient population is clearly different from the neonatal population that is the 

object of the teaching of the present claims. 

9. Further in the same paragraph, Atz & Wessel specifically refers to a second 

patient population, which is also distinct from that of the present patent application, to whom 

inhaled NO should not be administered, namely, neonates depending on right-to-left shunting of 

blood: 

"A different but related phenomenon may be operative in the newborn with 
severe left ventricular dysfunction and pulmonary hypertension. In these 
patients, the systemic circulation may depend in part on the ability of the 
right ventricle to sustain cardiac output through a right-to-left shunt 
across the patent ductus arteriosus. Selective pulmonary vasodilation may 
redirect the right ventricular output to the lungs and away from the systemic 
circulation." (emphasis added) 

For this second patient population, Atz & Wessel state that these patients exhibit a "different but 

related phenomenon" from that observed in adults with ischemic cardiomyopathy. This second 

population of patients consists of newborn patients with congenital heart disease and left 

ventricular dysfunction who are dependent on a right-to-left shunt through a ductus 

arteriosus in order to maintain peripheral circulation necessary to survive. In these patients, a 

patent ductus provides the only alternate pathway for blood being pumped by the right ventricle 

to bypass the dysfunctional left ventricle and thereby substitute for the dysfunctional left 

ventricle in providing life-sustaining blood flow to the peripheral circulation. Blood emerging 
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from the right ventricle has only two possible pathways, either through the pulmonary circulation 

and then back to the dysfunctional left ventricle, or to pass through the patent ductus arteriosus in 

a right-to-left shunt to reach the systemic circulation. Inhaled NO dilates the pulmonary 

circulation, and therefore would divert blood to the lungs at the expense of the patent ductus 

arteriosus and systemic circulation, causing systemic vascular collapse and death. Again, this 

second patient population described by Atz & Wessel is also completely different from the 

patient population addressed in the present claims, which is term or near term neonates with left 

ventricular dysfunction who are NOT dependent upon right-to-left shunting. 

10. The risk of circulatory collapse in the subset of newborns with congenital heart 

disease and severe left ventricular dysfunction who are dependent upon a right-to-left shunt 

through a patent ductus arteriosus was well known in this field long before the Atz & Wessel 

publication, as evidenced by the contraindication stated in the US Food and Drug Administration 

(FDA) prescribing information for INOMAX® (nitric oxide) for inhalation from the time of its 

initial approval by the FDA in 1999: "CONTRAINDICATIONS: Neonates known to be 

dependent on right-to-left shunting of blood". 

11. As a result of the INOT22 study, it was recognized that a second population of 

neonates existed, distinct from the population described in Atz & Wessel, that had an increased 

risk of adverse events when inhaled NO was administered, namely: pediatric patients with left 

ventricular dysfunction who are not dependent upon right-to-left shunting of blood. In view 

of this newly identified risk, the FDA imposed the addition of a distinct and separate precaution 

to the prescribing information for INOMAX specifically cautioning about an additional risk of 

pulmonary edema for patients with left ventricular dysfunction (see paragraph 15). It is 

important to note that patients covered in the pre-existing contraindication (specifically neonates 

known to be dependent on right-to-left shunting of blood) were completely excluded from 

INOT22 by virtue of the labeled contraindication. The newly discovered risk of adverse events 

in neonates and children with left ventricular dysfunction who are not dependent on right-to­

left shunting was not addressed, suggested or otherwise inferred from the teachings of Atz & 

Wessel, because when Atz and Wessel recommend that inhaled NO should be used with caution 
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44if at all", that warning relates to neonates who are dependent upon right-to-left shunting of 

blood - a completely different population of patients than the population that is addressed in the 

present claims. 

12. On page 7 of the Office Action, the Examiner further states: 

"Since pulmonary hypertension is instantly claimed, then the subject 
intrinsically has hypoxic respiratory failure. " 

This statement is not medically accurate. Pulmonary hypertension occurs in many conditions 

other than hypoxic respiratory failure, such as congenital heart disease, maternal use of serotonin 

reuptake inhibitors, idiopathic pulmonary hypertension, etc. 

13. On page 7 and 8 of the Office Action, the Examiner states: 

"Atz et a/. continues with: 'Therefore, in newborns with severe left ventricular 
dysfunction, predominantly left to right shunting at the foramen ovale and 
exclusively rigltt to left siiUnting at t/1e ductus arteriosus, NO should be used 
with extreme caution, if at all. We and others have reported adverse outcomes 
in this circumstance. ' (p. 452, left column) (emphasis differing from original). " 

This statement merely reiterates the "caution,, delivered by Atz & Wessel for the second 

population of patients identified in that publication, namely neonates dependent upon a right­

to-left shunt at the ductus arteriosus. In this statement, Atz & Wessel simply teach that patients 

with severe left ventricular dysfunction dependent upon an exclusively right-to-left shunt at the 

ductus arteriosus often have coexistent predominantly left-to-right shunt at the foramen ovate. 

This additional left-to-right shunt at the foramen ovate, upstream from the dysfunctional left 

ventricle, permits blood to bypass the dysfunctional left ventricle and enter the right side of the 

heart, thereby enhancing the ability of the right ventricle to pump sufficient blood through the 

ductus arteriosus to maintain the systemic circulation. The population of patients dependent 

upon right-to-left shunting of blood (with or without shunting at the foramen ovate) was already 

excluded by the pre-existing FDA-mandated contraindication for inhaled NO, and is distinct 

from the patient population addressed in the present claims. 
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14. On page 8 of the Office Action, the Examiner states: 

"Atz et a/. thus identify conditions in the patients which is screening of the 
patient. Thus, Atz et a/. fairly teaches excluding patients which include 
neonates with left ventricular dysfunction from inhaled NO treatment because 
the Examiner interprets "if at all" to mean no treatment and hence exclusion 
from treatment. The left ventricular dysfunction is intrinsically pre-existing. " 

This statement misinterprets the teaching of Atz & Wessel. Specifically, "if at all" refers to the 

second patient population, wherein no treatment is allowed in the population of newborn 

''patients dependent upon right-to-left shunting of blood" who are at risk for circulatory collapse. 

Because these patients were already contraindicated in the drug labeling for inhaled NO prior to 

INOT22 (see paragraph 10 above), they were excluded from INOT22 and more importantly, are 

distinct from the patients identified in the new inhaled NO safety warnings mandated by the 

FDA in view of the risk that was newly identified as a result of the INOT22 study. 

15. On February 25, 2009, INO Therapeutics LLC (owner ofNDA 20845) submitted 

a label supplement to the FDA seeking to amend the prescribing information (i.e., the "label") 

for INOMAX® (nitric oxide) for inhalation, to include a new warning statement based on the 

unexpected outcome of the INOT22 study On August 28, 2009, the FDA approved the 

INOMAX® label supplement to include the following new information: 

WARNINGS AND PRECAUTIONS 

Heart Failure: In patients with pre-existing left ventricular dysfunction, inhaled 
nitric oxide may increase pulmonary capillary wedge pressure leading to 
pulmonary edema (5.4). 

5 WARNINGS AND PRECAUTIONS 

5. 4 Heart Failure: Patients who had pre-existing left ventricular dysfunction 
treated with inhaled nitric oxide, even for short durations, experienced serious 
adverse events (e.g., pulmonary edema). 

Thereafter, similar warnings were added to the INOMAX label by Health Authorities in 

Japan, Europe, Canada and Australia. The FDA (and it's counterparts in foreign nations) would 
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not add new warnings and precautions to the label of an approved drug that merely restate a 

known contraindication already existing on the approved drug label. Indeed, the new FDA­

approved warnings for the use of nitric oxide are clinically distinct from the existing, original 

INOMAX contraindication disclosed by Atz & Wessel, with respect to neonates dependent on 

right-to-left shunt. 

16. On page 8 and 9 of the Office Action, the Examiner states: 

"Kinsella et a/. teach excluding patients (premature neonates) from inhaled 
nitric oxide treatment if they have fatal congenital anomalies or congenital 
heart disease (Abstract and p. 1062, Methods). Since left ventricular 
dysfunction is a congenital heart disease, as acknowledged by Applicant, (see 
specification [0028}), and it would be pre-existing, then the methods of 
Kinsella et a/. intrinsically exclude this patient population from the method. . .. 
The intended patient population is intrinsically at risk of one or more adverse 
events. Patients are intrinsically identified for nitric oxide inhalation 
treatment, diagnosed for congenital heart disease which intrinsically includes 
left ventricular dysfunction, and if the patient meets the criteria then treatment 
with NO is performed thereby reducing the risk of adverse events associated 
with the treatment. " 

Based on these statements, it is clear that the Examiner fails to understand several critical aspects 

of the study of Kinsella et al. 

17. First and foremost, the patients included in the Kinsella et al. trial were premature 

neonates who have severe respiratory failure due to immature lungs and surfactant deficiency, 

rather than term and near-term neonates suffering from pulmonary hypertension. In addition, 

none of the premature neonates enrolled in Kinsella et al. suffered from pulmonary hypertension. 

Thus, the patients included in Kinsella et al. were clinically differentiated, by age, etiology and 

pathophysiology, from the term and near-term neonates addressed in the present claims. 

18. Secondly, exclusion of patients from a particular study may occur for a variety of 

reasons. For example, clinical trial inclusion and exclusion criteria are often chosen to define or 

restrict the study population in order to maximize homogeneity, thereby minimizing the presence 

of potentially confounding factors. This exclusion greatly facilitates the interpretation of the 
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