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NO news is good news

Shortly after the development of cardiopulmonary bypass
in the 1960s serious pulmonary and extrapulmonary se-
quelae of the technique were identified.'2 A wide range of
morbidity and even mortality was identified, the incidence
of which varied according to the specific bypass methods
and artificial materials employed.34
Cardiopulmonary bypass causes changes in recipient

immunoreactivity, with activation of the complement cas-
cade and an acute phase response.5 This may trigger
the release of systemic proinflammatory mediators and
cytokines synthesised from mononuclear cells, which pro-
duce profound humoral and cellular effects resulting in
widespread endothelial damage.' In adults, acute lung
injury or acute respiratory distress syndrome (ARDS) may
represent the pulmonary manifestation of this panendo-
thelial insult.6 ARDS constitutes the commonest form
of organ dysfunction in those who develop multiple organ
system failure. A spectrum of lung injury characterised by
increasing alveolar capillary permeability is demonstrable
in all patients undergoing cardiopulmonary bypass,5 1-2%
of whom develop ARDS.7
The role of nitric oxide (NO) in modulating systemic

inflammatory responses is increasingly recognised.89 En-
dogenous NO is a highly reactive, ephemeral, free-radical
molecule synthesised from L-arginine by nitric oxide syn-
thase (NOS). Several isoforms of this enzyme are known
to exist, two of which are active in vascular tissues.

In arterial and arteriolar endothelium NO is synthesised
by a constitutive, membrane bound, calcium dependent
isoform (cNOS) which, in health, maintains basal vaso-
dilator tone and contributes to endothelial thrombo-
resistance by preventing platelet adhesion to the vessel
wall. Platelets may also produce NO independently of the
endothelium and this inhibits platelet activation.8
Immunostimulation may result in the de novo synthesis

and calcium independent release ofNO from macrophages
via an inducible isoform of nitric oxide synthase (iNOS)
located in the cytosol. NO is known to be cytotoxic and
may be important in host defence. Unregulated NO release,
however, may be responsible for the vascular leakage and
tissue damage seen in some inflammatory conditions. 1
Induction can be prevented by corticosteroids and in-
hibitors of protein synthesis and both selective and non-
selective inhibitors of NOS activity have been described."
The role of NO in regulating flow in the low pressure

system of the lung is less clear. NO attenuates the vascular
response of hypoxic pulmonary vasoconstriction in animal
models.'2 In vivo administration of exogenous inhaled
NO produces selective and rapidly reversible pulmonary
vasodilatation in patients with pulmonary hypertension'3
but, in the absence of hypoxia, has no effect on lung
haemodynamics in normal human volunteers.'4 In patients
with acute lung injury inhaled NO improves ventilation-
perfusion matching'5 and may paradoxically limit increases
in alveolar capillary permeability in experimental models.'6

In this issue of Thorax (pages 403-404) Delgado and
colleagues describe the presence of a calcium independent
isoform of NO synthase isolated in lung biopsy specimens
taken from patients before and after cardiopulmonary by-
pass.'7 Although limited by sample size and the paucity of
paired data, a significant increase in iNOS activity was
seen after bypass in previously normal human lungs. The

cellular origin ofthe enzyme is unknown. It is not surprising
that a basal level of iNOS activity was identified as both
cNOS and iNOS type isoforms have been identified in
normal human lungs and appear to be com-
partmentalised. 8 An enzyme, indistinguishable from
iNOS, is located in the epithelium of airways and may
have a physiological role in the regulation of bronchial
tone. However, the absolute increase in iNOS activity
observed after the bypass cannot be attributed to this alone.
It is possible that the phenomenon observed by Delgado
et al is a result of the pulmonary sequestration of activated
neutrophils known to occur following cardiopulmonary
bypass. l
The large increase in iNOS activity detectable after

cardiopulmonary bypass, albeit only in three patients, is
interesting because it implies an unusually rapid rate of
iNOS induction. A similar time course has been observed
in animal models of sepsis, but has not been seen in man.20
Although assays for cNOS and iNOS were made in the

supematant of biopsy specimens, the constitutive isoform
is attached to the endothelial membrane and the amount
that would remain in the particulate fraction after cent-
rifugation is uncertain. It is therefore not possible to char-
acterise the relative balance of cNOS and iNOS. It may
be that the ratio of different isoforms will prove to be
important in determining the precise role of NO in pul-
monary vascular regulation.

If proinflammatory mediators cause endothelial injury,
obviating their effects becomes an attractive therapeutic
option. Attempts at modulating the immune response to
cardiopulmonary bypass with corticosteroids, neutrophil
modifiers, free radical scavengers, and specific monoclonal
antibodies have been tried with disappointing results.2'
Nevertheless, the recognition that iNOS is a potential
progenitor of microvascular pathology may lead, in-
appropriately, to the indiscriminate use ofNOS inhibitors.
It is not known whether NO has a protective role in
the context of acute lung injury. A number of potential
disadvantages of wholesale inhibition of NOS exist," in-
cluding impaired immunity, uncontrolled coagulation, and
microvascular effects leading to systemic tissue hypoxia
and increased alveolar capillary permeability. The role of
inhibitors in modifying NO release and possible adverse
effects in vivo need to be elucidated. Analogues of L-
arginine have been used in small numbers of patients
with septic shock. Some improvements in haemodynamic
indices were recorded without major side effects.2223 Se-
lectivity for iNOS theoretically offers a number of ad-
vantages over generalised NOS inhibition but no clinical
data are, as yet, available to support this.
Delgado et al have provided pilot data that warrant

further investigation. They show an apparent increase in
iNOS activity after cardiopulmonary bypass which needs
to be confirmed. The cellular origin and role of this isoform
in the lung needs further characterisation. If it is established
that the systemic and pulmonary vascular effects of in-
creased iNOS activity adversely influence morbidity and
survival, an area of potential therapeutic intervention has
been identified. Any envisaged trial should address the
problems of adverse effects and specificity. In view of the
rapid induction of iNOS, the timing of any intervention
may be crucial. Only after the results of such studies are
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known will it be possible to comment on the true sig-
nificance of this report.
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