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Abstract

Objectives: Acute pulmonary hypertension and pulmonary hypertensive crisis may result in
adverse clinical outcomes if unsuccessfully treated. Inhaled nitric oxide has long been consid-
ered as the standard pharmacotherapy for acute pulmonary hypertension, but lack of feasibility
in some settings and evidences challenging its benefits lead to the use of alternative treatment,
amongst which is nitroglycerin inhalation. The purpose of this review article is to discuss
available data on the use of nitroglycerin inhalation for acute treatment of pulmonary hyper-
tension in children with CHD and its potential benefit in post-operative setting. Data sources:
Literatures included in this review were acquired by searching in PubMed online database.
Keywords used were “Pulmonary Hypertension”, “Congenital heart defects”, “Pediatrics”,
“Inhaled nitroglycerin”, and its synonyms. Study selection: Title and abstract were screened
to select relevant literatures including the three paediatric clinical trials on nitroglycerin
inhalation. Critical appraisal of the clinical trials was then done using the University of
Oxford Centre of Evidence-Based Medicine Critical Appraisal Tools. Conclusions: Paediatric
studies showed the benefit of nitroglycerin inhalation in uncorrected cases of CHD during
catheterisation procedures. Until recently, there have been no studies conducted in paediatric
post-operative CHD cases. Further study is required to provide evidence for inhaled nitroglyc-
erin use in this setting including the appropriate dosing and potential side effects with repeated
administration,

Acute pulmonary hypertension and pulmonary hypertensive crisis may result in death if unsuc-
cessfully treated, which is mostly caused by right heart failure and diminished left ventricular
preload that compromise cardiac output and systemic perfusion.! Specific pharmacotherapy
that mostly act as vasodilators to the pulmonary artery are widely used in addition to basic inten-
sive care setting measures for cases of acute pulmonary hypertension. The standard use
of inhaled nitric oxide for the treatment of post-operative pulmonary hypertension may be
questioned by conflicting evidences, side effects, and the lack of feasibility in settings with
limited resources.”> Therefore, the use of alternative agents such as inhaled nitroglycerin, an
inactivated form of nitric oxide, is worth considering.® This article is aimed to review available
data on the use of nitroglycerin inhalation in the acute treatment of pulmonary hypertension in
children with CHD, as well as its potential benefit in the post-operative setting.

Treatment of acute pulmonary hypertension involves several basic measures in intensive
care settings. These include general treatments such as oxygen supplementation, alkalisation,
vasopressor, fluid management, muscle relaxant, sedation, intubation, and mechanical
ventilation.”” Treatment of acute pulmonary hypertension also includes the use of specific
pharmacotherapy that works mainly by causing vasodilation in the pulmonary vessels.!*"!?

Specific pharmacotherapy that could be used in the treatment of acute pulmonary
hypertension includes exogenous nitric oxide, prostanoids (prostacyclin analogues), and
phosphodiesterase type 5 inhibitors. These agents work by inhibiting the contraction of smooth
muscle cells in the pulmonary artery, hence reducing pulmonary arterial pressure and right
ventricular afterload.”!?

Intravenous prostacyclin (prostaglandin I,) analogues such as alprostadil and epoprostenol
could be used to treat acute pulmonary hypertension. Studies showed that both the use of intra-
venous alprostadil and prostaglandin E, is associated with mean pulmonary arterial pressure
reduction and lower mortality of post-operative pulmonary hypertension in CHD patients.!*!4
Chronic use of intravenous epoprostenol was shown to be beneficial for pulmonary hyperten-
sion in CHD patients. However, its benefits are mostly based on case reports.”!>16
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Intravenous prostacyclin analogs lower systemic vascular
resistance, and it gives rise to the possibility of requiring systemic
vasopressors. In addition, intravenous prostacyclin can only be
used in cases without severe ventilation perfusion mismatch as
it may worsen the condition. Inhaled agents, in contrast, work
more specifically to pulmonary vessels. Therefore, inhaled agents
including aerosolised prostanoids such as alprostadil, epoproste-
nol, and iloprost, as well as aerosolised nitric oxide are widely used
in the treatment of acute pulmonary hypertension.”®

Inhaled nitric oxide has long been accepted as the standard
therapy for post-operative pulmonary arterial hypertension
as recommended by the 2004 European expert consensus.!”2
Haemodynamic improvement and better clinical outcome with
inhaled nitric oxide use on post-operative pulmonary hypertension
cases undergoing surgical repair for CHD have been shown by a
number of randomised controlled trials.?'** A 2014 meta-analysis
involving four randomised trials, however, concludes no signifi-
cant difference in mortality, incidence of pulmonary hypertensive
crisis, mean pulmonary arterial pressure, and mean arterial
pressure. The meta-analysis also recognised the potential for
increased methaemoglobin levels in nitric oxide-inhaled patients,
despite questionable clinical importance.> Another study, a retro-
spective cohort published in 2019, shows that inhaled nitric oxide
is not associated with significantly lower length of stay in children
undergoing cardiac surgery.’

The high cost of inhaled nitric oxide administration via
currently available technology is another limitation of the therapy.
Rebound pulmonary hypertension following the rapid withdrawal
of inhaled nitric oxide is another potential issue with the use
of this therapy. Conflicting evidence on the use of inhaled nitric
oxide and its high cost challenge the use of inhaled nitric
oxide as the standard therapy for post-operative pulmonary
hypertension. Therefore, an alternative to inhaled nitric oxide
treatment is needed, particularly in settings with limited
resources.*”

Inhalation of nitroglycerin is a possible alternative to the use
of inhaled nitric oxide. It is a vasodilator that works in a similar
fashion to inhaled nitric oxide, as nitroglycerin is basically in its
inactivated form. Activation of nitroglycerin involves the role of
aldehyde dehydrogenase-2 that catalyses the nitric oxide-donating
mechanism. Nitric oxide donated from nitroglycerin, in turn,
works by activating cyclic guanosine monophosphate-dependent
signalling pathways in the smooth muscles of pulmonary vessels,
allowing selective vasodilation of pulmonary circulation.®

The former intravenous route of nitroglycerin administration
has long been known to cause vasodilation that is beneficial for
the treatment of pulmonary hypertension. A study by Ilbawi
et al in 1985 showed that intravenous administration of nitroglyc-
erin reduces pulmonary vascular resistance, an effect observed
to a significantly (p < 0.001) higher degree in those with elevated
pulmonary arterial pressure compared to those with normal
pulmonary arterial pressure. However, the study also reported a
significant decrease of systemic vascular resistance with the use
of a higher dose, which according to the study, is the dose that
produces significant clinical effects such as cardiac index and
pulmonary arterial pressure improvement.** A previous study
by Pearl et al in 1983 also showed significant systemic haemody-
namic effect with the use of intravenous nitroglycerin. In addition
to significant (p < 0.01) increase of stroke volume by 40%, cardiac
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index by 40%, decrease of pulmonary vascular resistance by
40%, and mean pulmonary arterial pressure by 15%, intravenous
nitroglycerin also cause a comparable systemic effect, namely the
reduction of systemic vascular resistance by 37% and systemic
mean arterial pressure by 15%.%° The considerable systemic effect
that was shown by intravenous nitroglycerin use made it necessary
for inhalation to be considered as an alternative route of adminis-
tration. 2628

Adult studies on the use of nitroglycerin inhalation for acute
treatment of pulmonary hypertension were all mostly in perioper-
ative settings, namely corrective surgery of valvular defects.
Significant decrease in mean pulmonary arterial pressure and
pulmonary vascular resistance with nitroglycerin inhalation was
shown in all of these studies. However, they were excluded from
further discussion in this critical appraisal that is aimed to focus
on pulmonary hypertension in paediatric CHD cases.??

Paediatric studies on the use of nitroglycerin inhalation for
acute treatment of pulmonary arterial hypertension in CHD are
limited. Between the year 1999 to recently, only three studies were
done on paediatric population, namely the study of Omar et al in
1999, Goyal et al in 2006, and Singh et al in 2010 (Table 1). None of
the studies on children was conducted in a perioperative setting,
but rather in catheterisation laboratory. The study by Omar and
Goyal et al were both done on uncorrected cases of the ventricular
septal defect, while the Singh et al study was done on uncorrected
cases of the partial atrioventricular septal defect and patent ductus
arteriosus (Table 1).26-28

Only one of the three paediatric studies was a randomised
control trial (Table 1). The other studies involved paired samples
without allocation of patients into trial and control group. None
of the three articles mentions an effort of blinding and objective
measurements. However, it can be generally observed that the later
studies made improvements in their methods compared to prior
studies. Earlier study by Omar et al in 1999 did not mention the
equality of treatments outside the control and trial treatment,
rendering it open to question on validity. In contrast, later studies
by Goyal et al in 2006 and Singh et al in 2010 provided information
regarding equal treatments aside from those allocated for trial
such as the use of anaesthesia and sedation. The more recent study
by Singh et al in 2010 improved its study design to a randomised
controlled trial, randomising patients into treatment groups as
compared to using paired data as shown in the study of Omar
et al in 1999 and Goyal et al in 2006.2?” The study of Singh
et al also explained randomisation method in sufficient detail,
mentioning the use of computer-generated random numbers that
were kept in sealed envelopes (Table 2).28

Significant decrease of mean pulmonary arterial pressure
compared to pre-NTG inhalation value was observed in all of
the studies (Table 3). The largest decrease is shown by the study
of Omar et al in 2003?® from 47 + 4 mmHg to 38 + 4 mmHg
(p = 0.005). This is followed by Goyal et al”” that showed a decrease
from 63.2 (8.1) mmHg to 55.1 (8.9) mmHg (p < 0.001). The slight-
est decrease is shown by Singh et al*® from 61.2 + 16.1 mmHg to
57.1 + 13.2 mmHg (p < 0.05). The study of Omar et al, which
showed the highest fall of mPAP, compared inhaled NTG with
3 cc nebulised normal saline, while the study of Goyal et al and
Singh R et al used 100% oxygen therapy for 10 minutes.

The dose of inhaled NTG does not seem to show a clear corre-
lation with the degree of mPAP change in the studies. It can be
observed that Omar et al used the lower dose of 20 pg/kg, but
showed higher mPAP change compared to Singh et al that used
50 pg/kg (Table 3). The relationship between NTG dose and the
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Table 1. Characteristics of studies on the use of inhaled nitroglycerin for the acute treatment of pulmonary hypertension in paediatric CHD

Author (year) Omar et al (1999)% Goyal et al (2006)%"

Singh et al (2010)*®

Study design Prospective

controlled trial

Prospective controlled trial

Randomised controlled trial

Number of patients 4 19

35 (18 for milrinone and 17 for NTG group)

Age 6, 18, 36, and 72
months

33 (8) months

48 (12) months for milrinone and 48 (16) months
for NTG group

Weight (kg) Not mentioned 11 (5)

11.5 (6) for milrinone and 13 (7) for NTG group

Body surface area (m?) Not mentioned 0.52 (0.29-0.75)

Not mentioned

Hb (g/dL) Not mentioned 11.2 (10)

Not mentioned

Uncorrected VSD
with severe PH

Diagnosis
PAH (mPAP > 50 mmHg)

Uncorrected VSD with severe

VSD: 13 in Milrinone and 12 in NTG; VSD + ASD: 2 in both
treatment groups; partial AVSD: 2 in milrinone and 1 in NTG
group; PDA: 1 in milrinone and 2 in NTG group

Allocated treatment

Trial Nebulised NTG total ~ Nebulised NTG dose 2.5 pg/kg/min.  Inhalation of NTG total dose 50 ug/kg nebulised over
dose 20 pg/kg body for 10 minutes 10 min. period
weight in i o X
2 e ol sEline Inhal.atlon c?f milrinone total dose 50pug/kg nebulised over
10 min. period
Control 3 cc nebulised 100% oxygen for 10 minutes 100% oxygen for 10 minutes

normal saline

ASD = Atrial septal defect; NTG = Nitroglycerin; PAH = Pulmonary arterial hypertension; PH = Pulmonary hypertension; VSD = Ventricular septal defect.

Table 2. Critical appraisal of studies on the use of inhaled nitroglycerin for the acute treatment of pulmonary hypertension in paediatric CHD

Randomised assignment

Similar characteristics between treatment

Author, year

to treatment

groups

Objective
Equal treatments aside from measurement
those allocated and blinding

Omar et al
(1999)%

N/A: The study used
paired data. All patients
received both trial and
control treatments

N/A: The study used paired data. All patients
received both trial and control treatments

Not mentioned: There is no
mentioning of other treatment
than the trial and control
treatment

Not mentioned:
Blinding effort is
not mentioned in
the article

Goyal et al,

N/A: The study used

N/A: The study used paired data. All patients

Yes: All patients were given local

Not mentioned:

(2006)%" paired data. All patients received both trial and control treatments anaesthesia and sedation with Blinding effort is
received both trial and oral trichlofos and IM meperidine not mentioned in
control treatments with promethazine the article

Singh et al Yes: Randomisation of Yes: Patient characteristics such as age, sex, Yes: Other treatment such as Not mentioned:

(2010) %8 patients into treatment weight, diagnosis of heart defect, and sedation is equal between both Blinding effort is

groups is mentioned with

detailed method

baseline haemodynamic measurements
height do not differ significantly

groups

not mentioned in
the article

DAP = Diastolic arterial pressure; HR = Heart rate; IM = Intramuscular; MAP = Mean arterial pressure, mPAP = Mean pulmonary arterial pressure; NTG = Nitroglycerin; PAP = Pulmonary arterial

pressure; PCWP = Pulmonary capillary wedge pressure; PVR = Pulmonary vascular resistance; SAP = Systolic arterial pressure; SVR = Systemic vascular resistance.

degree of mPAP change, as well as the appropriate dosing, thus
require further study.?*-28

Inhalation of nitroglycerin also affects other haemodynamic
measurements besides mean pulmonary arterial pressure. Both
the studies of Goyal et al and Singh et al are consistent regarding
the reduction of pulmonary vascular resistance after nitroglycerin
inhalation, while the earlier study of Omar et al did not
provide observation on pulmonary vascular resistance (Table 3).
Systemic haemodynamic values, such as heart rate and mean
arterial pressure, consistently showed no significant change after
nitroglycerin inhalation in all studies. However, data from these
paediatric studies were obtained over a very brief period of time
in the catheterisation laboratory. Information regarding the
frequency of dosing over time, potential for tachyphylaxis,
rebound phenomenon, side effects with repeated dosing, and other
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important aspects if inhaled nitroglycerin was to be used in post-
operative period remains unavailable.?6-28

Following our review of the literature, we concluded that
nitroglycerin inhalation can reduce pulmonary arterial pressure
in uncorrected paediatric cases of CHD during catheterisation
procedures. Despite the absence of data supporting improved clini-
cal outcomes in comparison to standard medication such as nitric
oxide inhalation and other treatments such as iloprost or milrinone
inhalation, the use of inhaled nitroglycerin is worth considering
when the availability of the aforementioned medications are
limited. Results from studies on uncorrected paediatric CHD cases,
supported by similar observations in adult post-operative studies,
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Table 3. Results of studies on the use of inhaled nitroglycerin for the acute treatment of pulmonary hypertension in paediatric CHD

Author, year

mPAP

Other pulmonary haemodynamic parameters

Systemic haemodynamic
parameters

Omar et al
(1999)%

mPAP decreased significantly (p =0.005) from
47 + 4 mmHg to 38 + 4 mmHg after 10 min. of
NTG inhalation.

Systolic PAP decreased significantly (p = 0.006)
after NTG inhalation.

No significant changes in systolic
blood pressure, mean blood
pressure, and heart rate

(p> 0.05).

Goyal et al,

mPAP decreased significantly (p < 0.001) from

Systolic PAP, diastolic PAP, and PVR index

No significant changes in systolic

(2006)%" baseline value 71.9 (9.5) mmHg and post 100% decreased significantly (p < 0.001) after NTG arterial pressure, diastolic arterial
oxygen value 63.2 (8.1) mmHg to 55.1 (8.9) inhalation. pressure, and mean arterial
mmHg after NTG inhalation. pressure (p > 0.05).

Singh et al mPAP decreased significantly from baseline Systolic PAP, diastolic PAP, and PVR after NTG No significant change in HR, SAP,

(2010)%8 value 72.3 + 17.1 mmHg (p =0.007) and post inhalation decreased significantly from DAP, MAP, and SVR (p > 0.05).

100% oxygen value 64.4 + 13.6 mmHg
(p=0.013) to 61.8 + 13.2 mmHg after NTG
inhalation.

baseline value (p < 0.05), but were not
significantly different to post 100% oxygen
value.

Percentage decrease of mPAP with NTG
inhalation is comparable to milrinone (14.9%
versus 14.5%, p = 0.29).

PCWP after inhaled NTG was not significantly
different to both baseline and post 100%
oxygen value (p=0.14).

DAP = Diastolic arterial pressure; HR = Heart rate; IM = Intramuscular; MAP = Mean arterial pressure; mPAP = Mean pulmonary arterial pressure; NTG = Nitroglycerin; PAP = Pulmonary arterial

pressure; PCWP = Pulmonary capillary wedge pressure; PVR = Pulmonary vascular resistance; SAP = Systolic arterial pressure; SVR = Systemic vascular resistance.

suggest the potential benefits of nitroglycerin inhalation for
post-operative CHD cases in children. Further study on the clinical
outcomes of nitroglycerin inhalation such as mortality and length
of stay, the appropriate dosing, and its potential benefit for post-
operative pulmonary arterial hypertension in paediatric CHD is
therefore needed.
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