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Nitric oxide (NO) is a significant biologically active
molecule; its role in controlling cellular and organ
functions, especially the respiratory, cardiovascular,
nervous and immune system, has been well estab-
lished. In the respiratory system, this molecule is
responsible for maintaining pulmonary vascular inte-
grity. It improves arterial oxygenation, which may be
associated with its action on the distribution of blood
flow in the lungs. This property is the basis for inha-
led nitric oxide (INO) being employed in the treatment
of high altitude pulmonary edema (HAPE), acute res-
piratory distress syndrome and persistent pulmonary
hypertension of the newborn. The combined use of NO
and oxygen has cumulative effect on the pulmonary
haemodynamics and gas exchange. Soldiers of the
Indian army deployed at high altitude are prone to
develop acute mountain sickness and HAPE. Inhala-
tion of NO is preferred for the treatment of these
patients. Clinical application of INO has been frequen-
tly tempered by difficulties in safe and accurate INO
delivery. NO inhalation has a number of short-term
and long-term conflicting effects, and is still at the
experimental stage. The fundamental outline of a
delivery system should be able to provide for safe gas
delivery and accurate gas analysis or monitoring.
Clinical interest in the identification of exhaled nitric
oxide (ENO) as a marker of diseases is mounting,
notably with reference to inflaimmatory airway dis-
eases. Further studies and standardization of ENO
testing are needed to turn these findings into a relia-
ble diagnostic tool.

Nitric oxide — Physiological perspective
Nitric oxide in our body

NITRIC oxide (NO) is endogenously produced within the
vascular endothelium and functions as a natural vasodi-
lator (Figure 1). Its discovery led to the awarding of the
Nobel Prize in medicine to Furchgott, Ignarro and Murad
in 1998. They identified NO as a signal molecule in the
nervous system, as a weapon against infection and as a
modulator of blood pressure. NO, one of the smallest
(30 kDa) biosynthetic products, is made by enzymes that
are among the largest (150 kDa) and most complicated.
NO has emerged as an important signal and effector
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molecule in the immune, nervous and cardiovascular sys-
tems. Three isoforms of NO synthetase (NOS) have been
characterized. These generate NO from l-arginine in a
stepwise monooxygenase reaction that, in turn, generates
N-hydroxy-l-arginine as an intermediate. The mammalian
systems in which NO synthesis was first demonstrated
were the vascular endothelium, the brain and activated
macrophages. The three isoforms of the NOS enzyme
have been characterized, purified and referred to as neu-
ronal (nNOS), inductible (iNOS) and endothelial (eNOS).
The NO stimulates intracellular cyclic guanine monophos-
phate which causes vascular smooth-muscle relaxation
(Figure 2). This vasodilatation is terminated by the action
of phosphodiesterases (PDEs) that degrade the guanine
monophosphate. PDE-5 is found in high concentration
in the lung and is also a powerful degrader of guanine
monophosphate in vascular smooth muscle. Milrinone,
which is a PDE-3 inhibitor, thus enhances the action of
endogenous NO leading to pulmonary, as well as syste-
mic vasodilatation.

Fate of inhaled NO

After NO is inhaled and passes through the lungs into the
blood stream of a patient, it is soon deactivated (Figure 3).
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Figure 1. Various locations where airborne NO has been measured in
health and disease.
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This is because NO quickly reacts with the iron-containing
pigment (haemoglobin) of the red blood cell that func-
tions to transport oxygen from the lungs to the tissues.
Haemoglobin inactivates NO and hence, when it is car-
ried to the rest of the body, it does not cause vasodilata-
tion beyond the lung area. This is in sharp contrast to some
of the other pulmonary vasodilator drugs that not only
cause vasodilatation of blood vessels in and around the
lungs, but also cause vasodilatation throughout the body.
This can potentially lead to a serious decrease in the blood
pressure of a patient. In the lungs and the upper airways,
air-filled spaces coexist with highly perfused tissues. The
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Figure 2. Mechanism of biological action of NO in tissues.

ALVEOLUS

Figure 3.

608

alveolar surface acts as a medium for exchange of mole-
cules such as oxygen and carbon dioxide, depending on
their solubility in hydrophilic and lipophilic phases, and
on their ability to bind to plasmatic or cellular compo-
nents (e.g. haemoglobin). Exogenous NO, inhaled for the
treatment of acute respiratory distress syndrome (ARDS)
or pulmonary hypertension, causes vasodilatation of the
pulmonary vasculature, and then binds to haemoglobin.
Part of the endogenous NO synthesized in cells of the upper
and lower airways is released in the gas phase and then
exhaled, like CO,.

In recent years, scientific and clinical interest has focu-
sed on the identification and evaluation of exhaled NO
(ENO) as a marker for several diseases. The discovery
of vasodilatory effect of NO led to the possible role of
inhaled NO (INO) as a means of treating pulmonary
hypertension. Its brief duration of action limits its effects
to the pulmonary vasculature and only to those vessels
perfusing ventilated alveoli. Therefore, it can improve
oxygenation of the blood by increasing the perfusion of
the ventilated alveoli as well as reducing pulmonary
vascular resistance. The role of INO in treating primary
pulmonary hypertension of the newborn has been well
established' ™ (Figure 4).

Chemical properties of NO

NO is known as a common environmental pollutant and
contaminant during the manufacturing process of nitrous
oxide. NO is normally manufactured from the reaction
of sulphur dioxide with nitric acid. NO is a component
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of smog that can be measured in the atmospheric air in
urban areas at 10 to 100 parts per billion (ppb). NO being
poorly soluble in water, when injected into a physiologic
buffer, more than 80% immediately appears in the head
space. The formation of NO, from the reaction of NO and
0, depends on the concentration of the NO and O,. NO
gas is fairly stable at low concentration in room air. The
small size (molecular weight 30 Da) and high lipid solu-
bility of NO makes it readily membrane-permeable. Once
within the cell, it can bind to transition metals such as Fe
and Cu in enzymes. In blood, NO rapidly binds to albu-
min and haemoglobin’.

High-altitude pulmonary edema and INO

Vigorous young men are most susceptible to high-altitude
pulmonary edema (HAPE). Other risk factors include
strenuous exercise, cold weather and recent respiratory-
tract infection. The symptoms and signs are cough, tachy-
pnea, tachycardia, orthopnea, cyanosis, rales, and frothy
pink sputum. Symptoms usually begin two to four days
after a rapid ascent, often during night-time rest. Without
the administration of oxygen, rest, and descent to a lower
altitude, death may result. Radiographic findings are
variable but usually consist of fluffy, perihilar infiltrates
with sparing of the lung bases and peripheryé. Lung-
perfusion scans obtained before and after the inhalation
of NO showed that the gas diverted the pulmonary blood
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Figure 4. Potential points of N-cGMP signalling pathway that may
allow therapeutic intervention and enhancement of effect in persistent
pulmonary hypertension of the newborn.
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flow from edematous regions of the lung to nonedema-
tous regions in patients of HAPE. It is likely that the INO
had a greater vasodilating effect in the nonedematous
regions of the lung, where it could more easily enter the
alveoli. In contrast, no such redistribution of perfusion in
response to NO was seen in subjects resistant to HAPE.
Thus, exaggerated hypoxic pulmonary vasoconstriction
resulting in ventilation—perfusion mismatch appears to be
an important mechanism in the pathophysiology of
HAPE’. Inhalation of NO is beneficial in the treatment of
neonatal pulmonary hypertension, but its effect on HAPE
has not been reported earlier®. It has also been suggested
that HAPE develops due to stress failure in capillaries’
and over-distended, relatively thin-walled pulmonary
arteries'*'".

NO exerts its effect on the pulmonary vascular bed at
the following two sites: (a) muscular pulmonary arterial
vessels and (b) capillary bed. Patients of HAPE probably
have a defect in the NO-mediated vasodilatation and the
capillary-bed permeability. A defect in NO synthesis may
be the causative factor for increased leaking of water,
proteins and cells rather than due to capillary rupture'”. It
has also been seen that low concentration NO inhalation
is more effective in treating HAPE than the prevailing
conventional treatment'”.

Indian scenario

Presently, the Indian army is deployed at heights up to
6700 m (22,000 ft). The incidence of high altitude (HA)
maladies is on the rise. Presently, the incidence of HAPE
is 0.3 to 0.4%, but because of the increasing number of
troops being deployed under the prevailing geopolitical
situation, the total number of patients has increased
almost threefold. Currently, the treatment modality of
HAPE is aimed at immediate relief of symptoms and
evacuation of a patient to a lower altitude. This includes
oxygen administration, disprin, diamox, recompression in
a pressurized chamber and de-induction to lower altitude.
However, INO therapy would reduce the morbidity and
mortality of HAPE and also help the organization to re-
induct the acclimatized and trained manpower back to
the place of duty, thereby saving wastage of trained man-
power. INO is a selective pulmonary vasodilator for
which the mechanism of action involves guanylyl cyclase
activation leading to production of cyclic guanosine
monophosphate and subsequent smooth-muscle relaxa-
tion'”*. Several studies have suggested that INO impro-
ves oxygenationm’20 and revealed the efficacy of inhaled
NO therapy for HAPE. However, most of these are pilot-
studies which necessitate the investigation of this moda-
lity of treatment in further detail'>'*?"**,

A significant study by Dellinger er al.” assessed the
safety, physiological and clinical effects of various doses
of NO over a 28-day period. An acute response to NO
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was defined as a 20% increase in P,O, in the first 4 h.
The primary long-term outcome of this group was indi-
cated by the number of days these patients could stay
without the ventilator in this 28-day period of observa-
tion. A longer period off the ventilator was considered to
be a better outcome. Twenty-four per cent of patients in
the placebo group had showed a 20% increase in P,0,
in the first 4 h, compared to 60% of patients receiving
NO. Mortality in the placebo and NO groups was 30%
(ref. 23).

Virtually every study found that inhaled NO (i) indu-
ced a redistribution of blood flow to those areas of lungs
which were well ventilated; (ii) reduced the blood pres-
sure in pulmonary circulation in the arteries and (iii)
improved oxygen levels in the blood. INO is a selective
pulmonary vasodilator in patients with pulmonary hyper-
tension which causes an increase in right ventricular
load, and in case severe or an acute increase in pressure
occurs, it may result in right ventricular failure. The suc-
cessful role of INO in weaning patients off cardiopulmo-
nary bypass, when they had developed acute elevations in
pulmonary artery pressure, has been well reported.

NO accounts for many of the physiological effects of
vasodilating drugs such as nitroglycerine; a drug commonly
used to treat high blood pressure. Recent studies have
found that excess NO production in the body plays a role
in the massive vasodilatation and low BP associated with
septic shock syndrome. In this disorder, there is Gram-
negative bacterial infection and the endotoxin released
by the bacteria causes a severe degree of vasodilatation,
known to be mediated by NO. Since NO exists in gaseous
form, it can be administered to the pulmonary vessels as
an inhaled gas, and inhaled NO selectively dilates blood
vessels in only those lung segments that are actively par-
ticipating in gas exchange (oxygen and carbon dioxide) at
the alveolar—capillary level. In other words, this increases
the blood flow to areas of the lung where oxygen is being
provided and thus improves oxygen levels in the body.
This is known as ventilation—perfusion (¥/Q) matching.

Recent advances in NO and HAPE

NO was not the first agent discovered that causes pulmo-
nary vasodilatation. There are several other drugs that are
known vasodilators which have been in the market for
several years. These include the aforementioned nitrogly-
cerine and nitroprusside. The shortcoming of these types
of drugs is that they increase the pulmonary blood flow
to all lung segments, including those that are not well-
ventilated. This further inhibits oxygen delivery to the
blood stream because the capillaries which are in contact
with the alveoli are dilated, and do not provide or contain
0xygen21’24. INO improves survival in the rat model of
HAPE®'. Alveolar haemorrhages may occur in patients on
INO. Several studies have suggested that INO improves
oxygenation® 41620222526
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More insight into the pathophysiology of HAPE has
been provided by Sartori er al.’’ and Birtsch®. In these
studies, the role of trans epithelial sodium transport and
subsequently water clearance has been ascertained to have
a significant role in the progression of HAPE. Inhaled
Salmeterol has been cited as being beneficial in HAPE,
affronting the mechanism of development of HAPE.
Also, the role of venoconstriction in the pathobiology
of HAPE has been highlighted. The hallmark of HAPE
is an exaggerated hypoxic pulmonary vasoconstriction.
Pulmonary hypertension is crucial for the development of
HAPE®™!. Initial symptoms of dyspnea, cough, weakness
and chest tightness appear usually within 1-3 days after
the arrival to HA. Common physical signs are tachypnea,
tachycardia, rales and cyanosis. The treatment of choice
is immediate descent. When this is impossible and sup-
plemental oxygen is not available, current treatment with
Nifedipine is recommended until descent is possible®*.
Although Ca™ blockers are currently in use for prophyl-
axis and treatment of HAPE, INO is a promising treat-
ment modality”.

NO and genetic markers

A defect of NO synthesis in the lungs in the case of HAPE
has been suggested to contribute to its exaggerated pul-
monary hypertension. Several polymorphisms have been
identified in the gene encoding eNOS, which is a key
enzyme responsible for NO synthesis, some of which were
reported to be associated with vascular disorders. Both
polymorphisms of the eNOS gene were significantly
associated with HAPE. A genetic background may under-
lie the impaired NO synthesis in the pulmonary circula-
tion of HAPE-susceptible subjects. These polymorphisms
could be genetic markers for predicting the susceptibility
of HAPE™.

Adverse effects of INO

The adverse effects of NO at higher concentrations are now
known to a certain extent’” ~°. However, more informa-
tion is required for the accepted protocol of 15 ppm NO
and 50% oxygen in our ethnic population. After studying
these adverse effects, there may be certain modifications
recommended in the present treatment schedule.

NO is an antioxidant, and in high doses its prooxidant
effects are more pronounced. NO inhalation has a number
of short-term and long-term potential adverse effects, and
is still at the experimental stage in premature infants.
Consequently, there is a need for further clinical studies
monitoring the long-term consequences of this therapy.
NO acts as a second messenger activating a number of
cytokines, inducing apoptosis, thus suggesting a close
relationship between NO, oxidative stress, regulation of
growth and inflammation. The potential side effects of
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NO may lead to systemic hypotension and methaemoglo-
binemia’; abnormal liver enzymes; myopathy and agita-
tion; lung haemorrhage and coagulation disorder; and renal
dysfunction”™. One of the potential adverse side effects
for patients who receive NO therapy is the formation of
methaemoglobin. Methaemoglobin is haemoglobin that
cannot release the oxygen that it is carrying, nor can it com-
bine with more oxygen. Therefore, it impairs the ability
of blood to deliver oxygen to the tissues. This is a rare
complication because the body contains certain chemicals
and enzymes that convert methaemoglobin back to hae-
moglobin. Nevertheless, blood levels should be closely
monitored.

Infants who receive INO therapy should be monitored
according to institutionally-derived protocols designed
to avoid the potential toxic effects associated with INO
administration. These effects include methaesmoglobine-
mia (secondary to excess NO concentration), direct pul-
monary injury (attributable to excess levels of nitrogen
dioxide), and ambient air contamination***'. The normal
level of methaemoglobin is 1.7% (ref. 42). NO is belie-
ved to help regulate muscle tone in the arteries of the lungs,
but it could also cause excessive bleeding™. NO also has
a role to play in inhibition of platelet aggregation. As a re-
sult, patients on INO show a tendency for prolonged
bleeding and a prolongation in bleeding time, when
tested™ *®. There are many other clinical applications of
INO*7° INO reduces the extent to which extracorporeal
membrane oxygenation is needed in neonates with hypo-
xemic respiratory failure and pulmonary hypertension®’.
Inhaled NO is effective in improving oxygenation in
patients with ARDS*. NO merits further study and may
represent a life-saving therapy in this select patient popu-
lation™.
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Gas delivery systems

Soldiers deployed at HA are prone to develop AMS, HAPE
and other diseases due to malacclimatization (Figure 5).
Inhaled NO is the choice of treatment in patients with
HAPE. Patients suffering from HAPE are spontaneously
breathing patients, whereas commercially available sys-
tems work in conjunction with a ventilator'>*® (Figure 6).
Hence there is a need for an indigenous delivery system,
especially for patients with HAPE. The attempt to design
and develop an indigenous delivery system will enable us
to deliver NO at the earliest to patients and reduce the mor-
bidity and mortality in Indian soldiers deployed at HA.
The basic design and goal of a delivery system is to
provide a system for safe gas delivery and precision gas
analysis. While delivering the gas through a ventilator,
either a continuous or intermittent flow of NO is fed into
the inspiratory limb of the ventilator tubing. The rate of
NO gas flow is controlled to maintain the desired concen-
tration of NO. The concentration of NO, which is being
delivered to the patient, is constantly monitored by a sensor
which is placed in the ventilator tubing close to the patient.
This sensor or sample line is connected to an analyser
that displays NO, NO, (discussed in further detail later) and
possibly oxygen levels. Usually, the displayed NO and
NO, readings are measured in parts per million (ppm).

Safety concerns

As with any drug, there are legitimate safety and toxicity
concerns regarding the use of inhaled NO. Inhaling high
levels of NO (5000 to 20,000 ppm) can be lethal, causing
a severe and acute accumulation of fluid in the lungs (pul-
monary edema) and methaemoglobinemia. However, there
is little evidence of such toxicity when the concentration
is kept in the normal range (1 to 80 ppm). Animals have
breathed the gas in concentrations of 10 to 40 ppm, for
six days to six months, without evidence of toxicity. Vir-
tually all patients receiving NO will also receive O,.

Patient of HAPE being treated with NO.

Figure 6.
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ARDS patients usually require high levels of O,. The by-
product of NO and O, yields nitrogen dioxide (NO,), a
highly toxic gas. Although Occupational Safety and
Health Administration (OSHA) has set the safety limit
for NO, at 5 ppm, some investigators have found that
prolonged exposure to even 2 ppm of NO, can be injuri-
ous to the lungs. The amount of NO, produced is depen-
dent upon the levels of NO and O,, and the duration for
which they are mixed together prior to inhalation. There-
fore, the lowest dose of NO and lowest concentration of
O, that achieve the desired effect are used. NO is usually
fed into the ventilator tubing as close to the patient as
possible, limiting the mixing time between O, and NO.
All delivery systems monitor NO, levels continuously.
Newer delivery systems have been designed to limit NO,
production or inhibit its delivery to the patient; but situa-
tions may occur where the NO dose, the O, concentra-
tion, or both, may have to be reduced.

Dedicated NO-equipped ventilators are now available
commercially, but are not yet common in clinical prac-
tice. With other ventilators, there is no standardized pro-
cedure for the administration or monitoring of NO. The
use of NO in conjunction with a simple time-cycled, pres-
sure-regulated, flow-generating ventilator attached to a
model infant-sized lung has been described. In this model
the ventilator generates a stream of air, which acts as a
vehicle to carry the predetermined dose of NO to the lung
model. It is recommended that, when used as therapy,
NO levels in inspired gases should always be measured™.
It is also suggested that all compressed air methods using
tap water have charcoal filters at the compression site and
the gases be assessed periodically for oxidants’'.

ENO as a marker of disease

HAPE is a life-threatening condition occurring in predis-
posed subjects at altitudes above 2500 m. It is not clear
whether, in addition to haemodynamic factors and defec-
tive alveolar fluid clearance, inflammation plays a patho-
genic role in HAPE, which is not preceded by airway
inflammation. Low levels of ENO may be related to
altered pulmonary NO synthesis and/or transport and
clearance. In HAPE-prone subjects, a defect in pulmo-
nary epithelial NO synthesis may contribute to exaggera-
ted hypoxic pulmonary vasoconstriction, leading to
pulmonary edema. NO is naturally produced in the body
in the upper and lower airways at 100 to 1000 ppb, and
is present in cigarette smoke at 400 to 1000 ppm. Clinical
research has found that the concentration of ENO is
increased during exercise and in patients with asthma’”.
ENO correlates with several variables of airway inflam-
mation and may be useful in asthma therapy.

An exaggerated hypoxic pulmonary vasoconstriction is
associated with the development of HAPE. Susceptibility
to HAPE may be related to decreased production of NO,
an endogenous modulator of pulmonary vascular resis-
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tance, and that a decrease in ENO could be detected dur-
ing hypoxic exposure. There is decreased pulmonary NO
production in HAPE-susceptible subjects during acute
hypoxia that may contribute, among other factors, to their
enhanced pulmonary vascular response’®”. In HAPE
patients, a decline in pulmonary epithelial NO synthesis
may contribute to exaggerated hypoxic pulmonary vaso-
constriction and in turn to pulmonary edema™. Everyone
exhales small amounts of NO, but it seems that asthma-
tics produce more of this gas by-product. Smooth muscle
cells make up the muscle fibres that surround the small
airways of the lungs, and neutrophils have also been
associated with asthma. It has been found that during an
attack, asthmatics produce additional amounts of ENO in
the lower airways. This correlation of ENO and asthma has
also been confirmed in children with asthma. This finding
is especially important considering the difficulty in diag-
nosing asthma in very young children. ENO production is
directly related to airway inflammation® ®. HA natives
have a higher level of ENO. The advantage of high con-
centration of NO in the lungs seems to offset ambient
hypoxia by enhancing the uptake of oxygen from the lungs,
which presumably improves delivery of oxygen to the peri-
pheral tissues™.

Analysis of ENO

NO has an unpaired electron and is therefore a radical.
Although not as unstable as many other radicals, NO does
react readily with oxygen, and has a short half-life. NO is
mainly measured by indirect techniques, with the excep-
tion of in-line chemiluminescence. Since NO is an endo-
thelium-derived relaxing factor (EDRF) and it inhibits
platelet aggregation, both vascular tissue and platelets
can be used as indicators of NO production by other cells.
Haemoglobin and other haem proteins (which absorb NO
to form paramagnetic detectable nitroso-haem products)
and superoxide dismutase (which prolongs NO action by
preventing its breakdown to other nitrogen oxides) are
then used to modulate pharmacological effects. Another
indirect method of measurement is the spectrophotome-
tric determination of nitrite and nitrate (two nitrogen
oxides rapidly formed during NO oxidation). There is
now considerable evidence that the effects of NO in some
physiological processes are mediated through the activa-
tion of guanylate cyclase, resulting in an increased level
of cyclic guanylate monophosphate (cGMP) in the target
cell. Therefore, cGMP accumulation in cultured cells is
frequently used as a model to study the ability of cells to
produce NO. A class of L-arginine analogues is known to
inhibit NO synthetase in either a competitive or irreversi-
ble way, and are therefore useful for exploring the role
of L-arginine-dependent NO production. Recent observa-
tions suggest that this metabolic pathway is present in
different pulmonary cell types, and that it might play a
role in various regulatory mechanisms in the airways and

CURRENT SCIENCE, VOL. 85, NO. 5, 10 SEPTEMBER 2003



REVIEW ARTICLE

lung tissues™. ENO, which requires a chemiluminiscence
analyser, is now known to be a sensitive index for certain
diseases like asthma, and other inflammatory diseases of
the airways. It is not clearly known if ENO can predict
the systemic NO status as well, alone, or in combination
with blood and/or urinary nitrates and nitrites®® **,

Whether ENO predicts the acclimatization efficiency,
susceptibility and prognosis to HA malady has to be stu-
died; and if it can, we have a simple screening tool for
assessing the fitness of Indian troops for HA deployment.
Future studies should include the effect of some known
NOS-inducing drugs, like nitrates, L-Arginine and Silde-
nafil on the exhaled NO patterns and predict their pro-
bable utility in ameliorating or preventing HA maladies
and other clinical conditions marked by pulmonary vaso-
constriction.

NOS-inducing drugs

Currently available intravenous pulmonary vasodilators
such as epoprostenol, milrinone or nitroglycerine also cause
systemic vasodilatation. Therefore, the resulting systemic
hypotension limits the efficacy of these agents. This is
especially pertinent for patients with cardiac diseases,
where coronary perfusion may be adversely affected by
a decline in perfusion pressure. Increase in pulmonary
vascular resistance can greatly complicate the post-ope-
rative recovery of patients who have undergone cardiac
surgery”. Milrinone is a PDE-3 inhibitor which enhances
the effect of endogenous NO leading to pulmonary and
systemic vasodilatation. Sildenafil (Viagra, Pfizer Laborato-
ries, NY) is a selective inhibitor of PDE-5; the iso-enzyme
that hydrolyses guanine monophosphate in the corpus
cavernosum, thereby potentiating the effect of locally
produced NO and maintaining vasodilatation. It has been
hypothesized that because of the high concentrations of
PDE-5 in the lung, Sildenafil might also potentiate pul-
monary vasodilatation’. Several case reports now exist
suggesting that Sildenafil is effective in ameliorating
rebound pulmonary hypertension following the withdra-
wal of INO in children after congenital heart surgery, and
in facilitating weaning of INO and Milrinone in a teena-
ger following placement of a biventricular assist device.
Sildenafil may be an effective oral substitute for INO.
Sildenafil, at a daily dose of 500 mg in divided doses,
significantly reduced pulmonary artery pressure™®’.

Conclusion

NO is gaining a lot of significance in modern medicine,
especially with reference to pulmonary physiology and
maladies of the respiratory system. It is one of the sim-
plest biomolecules synthesized and regulated by a complex
enzyme NOS. Its vital role in maintaining pulmonary vas-
cular integrity has been firmly established. INO is now
being considered as the cornerstone in treatment of cli-
nical conditions which involve pulmonary hypertension.
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Studies are being conducted with accent on INO as a
treatment modality of HAPE. However, INO treatment is
constrained with a few known adverse effects. This makes
it mandatory to have a safe and reliable delivery system
that delivers a prescribed dose with minimal NO, forma-
tion. ENO is a useful non-invasive indicator of NO levels
of the pulmonary vasculature. Its role in inflammatory
airway diseases is being widely studied. ENO will emerge
as a useful indicator of HA tolerance and acclimatization.
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