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Background: Development of pulmonary hypertension commonly accompanies congenital heart disease;
nitric oxide (NO) is evidently an important mediator of pulmonary vascular reactivity.

Objective: Investigate the effect of pulmonary hypertension (PH) associated with congenital heart disease on
NO production.

Material and Method: The authors measured plasma levels of nitric oxide-related compounds in 28 patients,
aged 3 months to 12 years with congenital heart disease (CHD) and increased pulmonary blood flow. Blood
samples were obtained during their cardiac catheterization. The subjects were subsequently divided into two
groups, namely: group 1 CHD were those with left-to-right shunt; and group 2, CHD with right-to-left shunt.
Results: Four patients had severe pulmonary hypertension (mean pulmonary arterial pressure > 60 mmHg).
The total levels of NO-related compounds between the two groups were not statistically different as well as the
levels in pre- and post-pulmonary artery. In patients with left-to-right shunt with mild to moderate pulmonary
hypertension, the levels of total NO-related compounds were directly correlated with the level of pulmonary
arterial pressure and pulmonary vascular resistance (r = 0.67; p-value < 0.05, and r = 0.75; p-value < 0.05).
Additionally, in patients with severe pulmonary hypertension, the levels of total NO-related compounds
decreased when compared to the levels in patients with mild to moderate pulmonary hypertension.
Conclusion: The present results suggested that the hemodynamic status of the pulmonary circulation in

congenital heart defect is at least partly correlated with the blood levels of nitric oxide.
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Development of pulmonary hypertension (PH)
commonly accompanies congenital heart disease with
increased pulmonary blood flow. Recent evidence
suggests that pulmonary vascular endothelium is an
important determinant of the vascular tone and it has
been hypothesized that endothelial injury secondary
to increased pulmonary blood flow and/or pressure
plays a role in the development of PH"?. Nitric oxide
(NO) is an endothelium-derived relaxing factor, syn-
thesized and released from the endothelial cells by the
activation of endothelial nitric oxide synthase (eNOS).
It induces vascular smooth muscle relaxation through
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the activation of a cGMP-dependent protein, kinase
and it plays long-term effects on fibro-production and
reparative vascular remodeling process®. Plasma NO
increases in patients with congenital heart disease
with left-to-right shunt and the levels decrease after
surgical correction®'V. In the present study, the
authors investigated the relationship between plasma
NO levels and the degree of pulmonary arterial pres-
sure in patients with congenital cardiac defects with
increased pulmonary blood flow both with cyanotic
and acyanotic cardiac lesions.

Material and Method
Population study

The authors studied children who had cardiac
lesions with increased pulmonary blood flow from the
age of 3 months to 12 years. They had no significant
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underlying diseases such as metabolic disorders, renal
disease, and infection; and they were admitted to the
Pediatric Cardiology Unit, Chulalongkorn Memorial
Hospital for cardiac catheterization.

Blood samples were obtained from the right
ventricle or pulmonary artery, which represents pre-
pulmonary arterial blood, and the left atrium or left
ventricle, which represents post-pulmonary arterial
blood. The present study was approved by the Ethics
Committee of the Faculty of Medicine, Chulalongkorn
University. The parents of all subjects were fully in-
formed about the objective of the study and written
consent was obtained from the parents of each subject
before blood samples were collected.

Measurement of plasma nitric oxide related com-
pounds

Blood samples were collected via EDTA tube
and centrifuged within six hours. The plasma samples
were frozen below -20°C until assay were performed.
All samples required at least a 2-fold dilution and ultra
filtered through a 10,000 molecular weight cutoff
filter to eliminate proteins. All NO-related compounds
(nitrate and nitrite) were determined as a colored
azo-dye production of the Griess Reaction via R&D
Systems (Saliva Sac-, Pacific Biometric Inc, Seattle,
USA). Nitric Oxide Assay measured by a spectro-
photometer following the manufacture’s instructions.
Specific standard curve of nitrate and nitrite assays of
the authors’ setting was performed.

Statistical analysis

The data were analyzed using SPSS 11.5 com-
puter software for Windows. The correlation between
total plasma NO-related compounds level and other
parameters were assessed using Pearson’s correlation
coefficient. Mean (| standard deviation (SD) plasma
nitric oxide levels between the groups were compared
using Student t-test. P-values of less than 0.05 were
considered statistically significant.

Results

There were 28 patients recruited in the present
study. Their ages ranged from 3 months to 12 years.
The patients were subsequently divided into two
groups on the basis of their hemodynamic characteris-
tics, namely: group 1 (n =21, 8 male and 13 female
patients), the patients’ cardiac lesions were left-to-right
shunt that included ventricular septal defect, patent
ductus arteriosus and complete AV canal defect; group
2 (n =7, 4 male and 3 female patients), the patients’
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cardiac lesions were right-to-left shunt with increased
pulmonary blood flow that included truncus arterio-
sus, single atrium, supracardiac total anomalous pul-
monary venous return and double outlet right ven-
tricle with ventricular septal defect. There were no dif-
ferences between age or sex distribution of the two
groups (group 1:5 mo-13 yrs, group 2:3 mo-10 yrs). In
addition, all patients had normal serum creatinine
levels. Eighteen patients received medical treatments
including digoxin, angiotensin converting enzyme
inhibitor, and diuretics for the control of heart failure.
Four patients had severe pulmonary hypertension
(mean pulmonary arterial pressure > 60 mmHg).

Pre- and post pulmonary artery blood of the
patients with acyanotic cardiac lesions (group 1) had
higher NO-related compounds levels (58.11 + 12.96
umol/L and 62.43 + 19.05 umol/L), compared to those
with cyanotic cardiac lesions (52.53 + 7.42 umol/L and
56.25 + 18.96 umol/L). However, there was no detected
statistical significance (p = 0.330 for pre-pulmonary,
p = 0.495 for post pulmonary). Also, the levels of NO-
related compounds of post pulmonary artery blood of
both groups (62.43 + 19.05 umol/L and 56.25 + 18.96
umol/L, respectively) were higher than those of pre-
pulmonary artery blood (58.11 + 12.96 umol/L and
52.53 + 7.42 umol/L, respectively), but there was no
statistical significance (Fig. 1).

In acyanotic patients with mild to moderate
pulmonary hypertension (mean pulmonary arterial
pressure < 60 mmHg and/or Rp/Rs <0.5), post pulmo-
nary artery blood levels of NO-related compounds had
positive correlation with pulmonary arterial pressure
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Fig 1. Levels of NO-related compounds in group 1 (acyano-
tic patients) and group 2 (cyanotic patients)

J Med Assoc Thai Vol. 90 No. 10 2007



(r=0.67; p-value = 0.005) and pulmonary to systemic
resistance ratio (r = 0.75; p-value = 0.001) but it had
poor correlation with pulmonary to systemic blood flow
ratio (Qp/Qs), and cardiac output or cardiac index. The
post-pulmonary total NO-related markedly decreased
in patients with severe pulmonary hypertension (MPA
>60 mmHg or Rp/Rs > 0.5) (Fig. 2, 3). Furthermore, the
authors found the same correlation between nitric
oxide and pulmonary arterial pressure (r = 0.693; p =
0.127) or pulmonary vascular resistance (r=0.749; p =
0.087) in patients with cyanotic cardiac lesions.

Discussion

There are many factors contributing to pul-
monary hypertension in patients with congenital heart
disease and increased pulmonary blood flow. It may be
partially related to the increase of pulmonary blood
flow, which induces cyclic strain and shear stress on
vascular endothelium®. Endothelial injury and the
resulting alteration in endothelial function cause an
imbalance between the productions of mediator which
vasodilatation and vasoconstriction properties. The
integrity of endothelium is essential for flow-mediated
vasodilatation"®. The flow-mediated vasodilatation is
largely due to the release of NO, which is also known
to modulate smooth muscle proliferation and growth.
Nitric oxide is synthesized from various tissues includ-
ing pulmonary vascular bed. The present study found
that the levels of NO-related compounds at post-pul-
monary artery site were slightly higher than that of
the pre-pulmonary artery site; this may represent an
important role of pulmonary vascular endothelium on
nitric oxide synthesis.

Like other previous studies, the present study
found that the level of plasma nitric oxide is elevated in
patients with congenital heart disease with increased
pulmonary blood flow, both in patients with acyanotic
and cyanotic cardiac lesions. Plasma nitric oxide was
correlated with pulmonary arterial pressure and pulmo-
nary vascular resistance, and significantly decreased
in patients with severe and long-standing pulmonary
hypertension. These may represent the impairment of
endothelium-dependent pulmonary vasodilatation in
congenital heart disease with increased pulmonary
blood flow. It is likely that the nitric oxide synthesis is
elevated in earlier phases of pulmonary hypertension
and reduced due to gross endothelial damage in ad-
vanced and terminal states"*'”. Black SM and et al'¥
found that shunted lambs displayed a selective impair-
ment of endothelium-dependent pulmonary vasodila-
tation, suggestive of up-regulation of basal NO activity
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Fig 2. Relationship between NO-related compound level
and MPA pressure in patients with left-to-right
shunt; closed rectangle, MPA <60 mmHg (R =0.668,
p =0.005)
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Fig 3. Relationship between NO-related compound level
and pulmonary to systemic resistance ratio (Rp/Rs)
in patients with left-to-right shunt; closed rectangle

Rp/Rs < 0.5 (R =0.753, p=0.001)

and gene expression in the early weeks of life, but they
were further exposed to increased and/or pressure and
resulted in progressive endothelial dysfunction and
subsequent decrease in basal NO production.

In summary, NO activity participates in pul-
monary artery hypertension, secondary to congenital
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heart disease with increased pulmonary blood flow,
and its up-regulation in mild and moderate pulmonary
hypertension and decreased production in patients with
advanced pulmonary vascular disease. Investigation
of these changes and application, to predict the out-
come of treatment strategies for patients with high pul-
monary arterial pressure and low NO levels after surgi-
cal correction, should be the subject of further study.
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