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Abstract

Acute vasodilator testing (AVT) identifies acute responders for initiation of

calcium channel blockers in pulmonary arterial hypertension (PAH) and

operability in congenital heart disease (CHD). We sought to determine the

feasibility of intravenous sildenafil (ivS) as an alternative to inhaled nitric

oxide (iNO) in AVT. All patients with PAH undergoing cardiac catheterization

for AVT (November 2015 to December 2020) were prospectively enrolled.

Hemodynamic data were obtained at baseline, with iNO 20 ppm and ivS

(0.25 mg/kg for children and 10mg for adults). We studied 44 patients with a

mean age of 20.5 ± 14.4 years (27 [61%] females and 20 [45%] children). There

were 17 (38.6%) patients in the CHD group for operability assessment and 27

patients in non‐CHD group (idiopathic pulmonary arterial hypertension—16

[36.3%], residual PAH after shunt closure—7 [15.9%], and 2 cases [4.5%] each

of familial PAH and portopulmonary hypertension). There was an excellent

intraclass correlation for mean pulmonary artery pressures (0.903, 95%

confidence interval, CI: 0.809–0.949, p< 0.001), mean aortic pressures

(0.745, 95% CI: 0.552–0.858, p< 0.001), pulmonary vascular resistance index

(0.920, 95% CI: 0.858–0.956, p< 0.001), systemic vascular resistance (SVR)

index (0.828, 95% CI: 0.706–0.902, p< 0.001), and the ratio of pulmonary and

SVR indices (0.857, 95% CI: 0.752–0.919, p< 0.001) between the two agents.

There were two responders, both in non‐CHD group, and were identified by

iNO and ivS. The hemodynamic effects of ivS show excellent correlation with

iNO and could be a potential alternative agent for identifying acute responders

during AVT.

KEYWORD S

acute vasodilator test, cardiac catheterization, nitric oxide, pulmonary hypertension,
sildenafil

Pulmonary Circulation. 2022;e12180. wileyonlinelibrary.com/journal/pul2 | 1 of 10
https://doi.org/10.1002/pul2.12180

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2022 The Authors. Pulmonary Circulation published by John Wiley & Sons Ltd on behalf of Pulmonary Vascular Research Institute.

http://orcid.org/0000-0002-1050-9025
mailto:shinesreehari@gmail.com
https://onlinelibrary.wiley.com/journal/20458940


INTRODUCTION

Pulmonary hypertension is a condition affecting pulmo-
nary vasculature denovo or secondary to various
identifiable causes.1 Acute vasodilatory test (AVT) is
used to identify acute responders in specific categories of
pulmonary hypertension during cardiac catheterization.
Acute responders are known to have better outcomes in
comparison with nonresponders.2–4 AVT is classically
indicated in patients with idiopathic pulmonary arterial
hypertension (IPAH), familial PAH, drug‐induced PAH,
and assessment of operability in congenital heart disease
(CHD) with elevated pulmonary vascular resist-
ance (PVR).

The standard of care agent for AVT is inhaled nitric
oxide (iNO).5–10 The use of iNO requires a complicated
delivery system, monitoring equipment, and person-
nel, is expensive and its availability is limited to
selected centers.5,6 It is particularly difficult to use iNO
in limited resource environments because of cost
considerations and lack of expertise in its use.
Sildenafil, a phosphodiesterase 5 inhibitor has proven
vasodilator properties and a good safety profile along
with ease of availability and use in patients with
PAH.11–14 We hypothesized that intravenous sildenafil
(ivS) could be used as an alternative to iNO for AVT in
patients with PAH.

METHODS

This was a prospective cross‐sectional analytical study
from November 2015 to December 2020 at a tertiary
referral hospital in South India. The primary objective of
this study was to compare the effect of ivS and iNO on
systemic and pulmonary hemodynamics in patients with
PAH during AVT. The secondary objective was to
compare the ability of ivS with iNO in identifying acute
responders during AVT in patients with PAH.

The inclusion criterion was all treatment naïve
patients more than 3 months of age with Group 1 PAH
undergoing cardiac catheterization for AVT. For the
operability assessment of CHD, those with dis-
proportionate PAH as per clinical and echocardio-
graphic evaluation without systemic desaturation were
included. We excluded all patients having CHD with
univentricular physiology. PAH was defined as mean
pulmonary artery pressure (mPAP) of ≥25 mmHg,
PVR of >3Wood units (Wu) in adults (indexed PVR
[PVRI] of >3 Wu·m2 in pediatric age group), and
pulmonary capillary wedge pressure <15 mmHg.15 The
pediatric age group was defined as age <18 years at the
time of cardiac catheterization.

Calculation of sample size

The sample size was calculated from a pilot study of 15
patients. The study reported an intraclass correlation
(ICC) of 0.7 for mPAP between the two agents. The
minimum calculated sample size assuming a 95%
confidence interval (CI) and 90% power was 17
patients. We recruited as many patients as we could
during the study period considering the possible
subgroup comparisons.

Cardiac catheterization protocol

The study was conducted in the cardiac catheterization
laboratory (Artis Zee; Siemens) under local anesthesia
and intravenous sedation with midazolam if required.
The patients were spontaneously breathing using a well‐
fitting nonrebreathing face mask secured with straps and
connected to the anesthesia machine using a closed
circuit breathing system with a pressure support mode of
ventilation. The GE Avance CS2 anesthesia workstation
(Wipro GE) was used to monitor the minute ventilation
and end‐tidal CO2 levels. The standard dose of 20 ppm of
iNO was delivered into the inspiratory limb of the circuit,
from the flowmeter of the NO cylinder which contained
982 ppm of NO in pure nitrogen. iNO was routinely
administered with fractional inspired oxygen (Fio2) of
25% to prevent hypoxemia. The desired NO flow in liters
per minute was calculated by the following formula:

NO flow = minute ventilation(liters per minute)

× 20 parts per million(dose of iNO)

982 (NO content of the cylinder in parts per million)
.

Initially, cardiac catheterization was done in room air to
obtain baseline pressures and oximetry data. The same
parameters were then recorded after 10 min of iNO
administered at 20 ppm as explained above. After
measuring hemodynamics under iNO, it was stopped,
and 15 min of washout was given. The patient was then
administered ivS at a dose of 10 mg for adults and
0.25 mg/kg up to a maximum adult dose of 10 mg for
children as a slow infusion over 10 min. To maintain a
consistent hemodynamic status, the second set of
baseline parameters were obtained before administra-
tion of ivS if the mean aortic pressure (mAP) changed
more than 5% from baseline after iNO washout. The
dosage for children was determined from a series of
studies in children receiving ivS ranging from 0.05 to
0.45 mg/kg for various PAH indications.13,14,16–19 We
empirically chose a safe in‐between dose of 0.25 mg/kg.
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The hemodynamics were assessed 20 min after ivS
infusion to allow achievement of peak plasma level of
sildenafil.18

The pressures were measured using electromechani-
cal transducers (Edwards Lifesciences), calibrated for
each study, and oximetry was instantly analyzed with
ABL800 FLEX analyzer (Radiometer Medical ApS). The
hemodynamic variables measured were pulmonary
artery pressures, aortic pressures, right atrial (RA)
pressures, left atrial pressures (pulmonary capillary
wedge pressure in intact atrial septum), and oximetry
samples were collected from superior venacava, inferior
venacava, pulmonary artery, aorta, and pulmonary vein
(in cases with intact atrial septum pulmonary vein
saturation was assumed to be same as aortic saturation
or 98% in absence and presence of right to left shunt,
respectively). The cardiac output was calculated using
Fick's principle and oxygen consumption was obtained
from the LaFarge table. The other derived hemodynamic
variables were calculated using standard equations. The
systemic blood flow/cardiac output (Qs), pulmonary
blood flow (Qp), PVR, systemic vascular resistance
(SVR), and pulmonary artery capacitance (PAC) were
indexed to body surface area. Any use of Fio2 > 21%,
mandated the inclusion of dissolved oxygen in shunt
calculation by Fick's principle. In addition, we collected
basic demographics, anthropometry, and clinical details.
We used the Sitbon criteria (a reduction in mPAP of
≥10mmHg reaching an absolute mPAP value of
≤40mmHg with an increased or unchanged cardiac
output from baseline) to define adult and pediatric acute
responders.20,21 An acute responder for operability in
CHD was defined by a reduction in PVRI to <4Wu·m2

and PVRI:indexed SVR (SVRI) ratio to <0.3 from the
baseline.22

Statistical analyses

Statistical analyses were done using SPSS Version 20.0
for Windows (IBM Corporation). The categorical
variables were summarized using percentages and
continuous variables using mean with standard
deviation. We used the paired t test to compare the
various hemodynamic parameters between the two
agents. Wilcoxon signed rank test was used to
compare the percentage change values from
the baseline by two agents. We selected a two‐way
mixed effect model (absolute agreement, single
measure) ICC to find the agreement between iNO
and ivS. A p value ≤ 0.05 was considered statistically
significant.

RESULTS

Patient characteristics

We enrolled a total of 44 patients, 27 (61%) females and
20 (45%) children for the study. The mean age was
20.5 ± 14.4 years. Three patients (7%) had Down Syn-
drome. The detailed diagnosis is given in Table 1. All
patients had normal acid–base balance and partial
pressure of carbon dioxide levels during the study.

Hemodynamics—at baseline, with iNO
and ivS

At baseline, the mPAP was 57.9 ± 15.8 mmHg and the
mAP was 87.8 ± 15.5 mmHg. The mean PVRI was
17.7 ± 10.6 Wu·m2, the mean SVRI 31.4 ± 11.4 Wu·m2,
and mean PVRI:SVRI ratio 0.6 ± 0.3. The absolute
values for all the variables at baseline and on both
agents are presented in Table 2. We calculated the

TABLE 1 Baseline demographics

N= 44

Age, years 20.45 ± 14.4

Females 27 (61)

Children 20 (45)

Weight, kg 39.2 ± 20

Height, cm 141.4 ± 29.4

BSA, m2 1.21 ± 0.4

pH 7.41 ± 0.05

pCO2, mmHg 41.61 ± 5.2

Diagnosis

CHD 17 (38.6)

ASD 11 (25)

AVSD 4 (9)

VSD 2 (4.6)

IPAH 16 (36.3)

Residual PAH 7 (15.9)

Familial PAH 2 (4.5)

Portopulmonary hypertension 2 (4.5)

Note: Values are N (%), mean ± SD.

Abbreviations: ASD, atrial septal defect; AVSD, atrioventricular septal
defect; BSA, body surface area; CHD, congenital heart disease; IPAH,
idiopathic pulmonary arterial hypertension; PAH, pulmonary arterial
hypertension; pCO2, partial pressure of carbon dioxide, VSD, ventricular
septal defect.
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percentage change for each hemodynamic variable
from the baseline for both agents. The value obtained
at baseline was subtracted from the value obtained
with the two agents and the percentage change from
baseline was computed. A decrease in the hemo-
dynamic variable from the baseline was denoted as a
negative percentage change and an increase from the
baseline as a positive percentage change (Table 3).
When compared to iNO, ivS resulted in a greater fall in
PA pressures (systolic, diastolic, and mean), aortic
pressures (systolic and mean), and PVRI which were
statistically significant. All the other hemodynamic
parameters were comparable between the two agents
(Table 3). The overall difference in percentage change
of variables between the two agents ranged from 0.2%
to 7.5%. All the measured and calculated hemodynamic
variables showed statistically significant‐excellent ICC
between iNO and ivS (Figure 1). All the patients
tolerated ivS well with no adverse hemodynamic
effects.

Hemodynamics among responders

We categorized the cohort into two groups for responder
identification—non‐CHD group (N=27) for identification of
acute responders and the CHD group (N=17) for assess-
ment of operability. There were two patients with IPAH (one
child [1/14, 7.1%] and one adult [1/13, 7.6%]) meeting the
criteria for an acute responder with iNO in the non‐CHD
group, both were identified by ivS as well (Table 4). Among
the CHD group, none met the criteria for operability, hence
no acute responder was identified. Both groups had
significant ICC between the two agents for all variables
(Figure 2). Overall in the non‐CHD group, ivS caused a
greater fall in pulmonary artery pressures, aortic pressures,
PVRI, and a greater increase in PACI when compared to
iNO though significant changes were observed only in
mPAP and sAP (Figure 3). The changes in all other variables
were comparable. The overall difference in percentage
change of variables between the two agents ranged from
0% to 5.2%. In the CHD group, ivS produced a significant fall

TABLE 2 Values of hemodynamic
variables at baseline, on iNO and ivS

Hemodynamic
variables (N= 44) Baseline iNO ivS p Value

sPAP, mmHg 87.2 ± 20.6 78.3 ± 21.8 74.1 ± 22.1 0.007

dPAP, mmHg 40.0 ± 14.4 35.1 ± 14.2 33.1 ± 13.3 0.111

mPAP, mmHg 57.9 ± 15.8 51.7 ± 16.1 49.0 ± 15.2 0.008

sAP, mmHg 125.5 ± 22.5 122.9 ± 24.6 116.3 ± 20.9 <0.001

dAP, mmHg 67.9 ± 13.3 68.6 ± 13.4 65.6 ± 11.6 0.027

mAP, mmHg 87.8 ± 15.5 86.8 ± 16.3 82.6 ± 13.7 0.068

Qpi, L/min/m2 3.8 ± 3.1 3.8 ± 2.9 3.8 ± 2.5 0.726

Qsi, L/min/m2 2.7 ± 1.1 2.8 ± 0.9 2.7 ± 0.9 0.401

Qp:Qs 1.4 ± 0.7 1.4 ± 0.8 1.5 ± 0.9 0.480

PVRI, Wu·m2 17.7 ± 10.6 14.8 ± 9.5 14.0 ± 8.9 0.139

SVRI, Wu·m2 31.4 ± 11.4 29.1 ± 9.7 28.5 ± 10.5 0.517

PVRI:SVRI 0.6 ± 0.3 0.5 ± 0.3 0.5 ± 0.3 0.944

PACI, mmHg/ml/min/m2 0.9 ± 0.7 1.0 ± 0.8 1.1 ± 0.7 0.230

mRA, mmHg 6.4 ± 3.0 5.9 ± 2.6 5.7 ± 2.4 0.130

mLA, mmHg 8.3 ± 3.0 8.0 ± 3.2 8.0 ± 3.3 0.884

sPAP:sAP 0.7 ± 0.2 0.7 ± 0.2 0.7 ± 0.2 0.914

mPAP:mAP 0.7 ± 0.2 0.6 ± 0.2 0.6 ± 0.2 0.645

Note: Values as mean ± SD.

Abbreviations: dAP, diastolc aortic pressure; dPAP, diastolic pulmonary artery pressure; iNO, inhaled
nitric oxide; ivS, intravenous sildenafil; mAP, mean aortic pressure; mLA, mean left atrial pressure;
mPAP, mean pulmonary artery pressure; mRA, mean right atrial pressure; PACI, indexed pulmonary
artery capacitance; PVRI, indexed pulmonary vascular resistance; Qp, pulmonary blood flow; Qpi,
indexed pulmonary blood flow; Qs, systemic blood flow; Qsi, indexed systemic blood flow; sAP, systolic
aortic pressure; sPAP, systolic pulmonary artery pressure; SVRI, indexed systemic vascular resistance;
Wu, wood units.
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in PA pressures (systolic, diastolic, and mean) and aortic
pressures (systolic and diastolic) when compared to iNO.
There was comparable a fall in systemic cardiac output by
both agents. The changes in other parameters were
insignificant (Figure 4). The overall difference in percentage
change of variables between the two agents ranged from 0%
to 11.1%.

DISCUSSION

The present study demonstrates the excellent compara-
bility of pulmonary and systemic hemodynamic changes
between ivS and iNO during AVT. The study also
describes the utility of ivS in the identification of acute
responders when compared to iNO for the initiation of
calcium channel blocker (CCB) in patients with IPAH.

The concept of AVT and acute responder evolved from
much‐improved survival noted in IPAH patients who had

an excellent vasodilatory response to high‐dose CCB.23

Another common indication for AVT is for deciding
operability in CHD with elevated PVR, especially in low
resource environments where late presentation is quite
common.24 Though iNO remains the standard of care agent
for AVT, there are vast regional variations in the agent of
choice even in current era depending on availability, the
experience of use and resource limitations and each agent
may elicit a different pattern of hemodynamic response.10,25

The ideal agent for AVT should be short‐acting, easy to
administer, safe with predictable vasodilator responses, and
inexpensive. Sildenafil is the most common pulmonary
vasodilator used for the treatment of PAH with a proven
safety profile across all age groups.11–14 The ease and
familiarity with the use and availability of intravenous
formulation prompted us to consider ivS as a prospective
agent for AVT.

There is a paucity of data regarding the usage of
sildenafil for AVT. Milger et al.26 analyzed

TABLE 3 Percentage change of
hemodynamic variables from baseline for
iNO and ivS

Hemodynamic
variables (N= 44) iNO ivS

Difference of
percentage
change p Value

sPAP −9.9 ± 14.8 −15.3 ± 13.6 5.5 0.002

dPAP −10.4 ± 19.4 −16.1 ± 19.4 5.7 0.010

mPAP −10.2 ± 14.9 −15.4 ± 13.2 5.2 <0.001

sAP −2.1 ± 7.3 −6.8 ± 10.0 4.7 <0.001

dAP 1.4 ± 10.5 −1.9 ± 16.3 3.3 0.139

mAP −1.0 ± 9.2 −5.0 ± 13.2 3.9 0.018

Qpi 3.0 ± 13.7 2.6 ± 13.7 0.4 0.867

Qsi 4.9 ± 19.7 3.1 ± 20.8 1.8 0.796

Qp:Qs 0.7 ± 14.5 3.1 ± 20.9 −2.4 0.706

PVRI −13.5 ± 20.7 −19.3 ± 19.0 5.9 0.010

SVRI −3.6 ± 19.9 −4.6 ± 27.5 1.0 0.339

PVRI:SVRI −5.7 ± 32.0 −5.5 ± 35.3 −0.2 0.733

PACI 21.6 ± 48.1 29.1 ± 41.5 −7.5 0.213

mRA −4.2 ± 20.7 −7.0 ± 20.7 −2.8 0.150

mLA −3.3 ± 14.4 −2.9 ± 17.8 −0.4 0.872

sPAP:sAP −7.5 ± 16.2 −8.4 ± 16.1 0.9 0.741

mPAP:mAP −8.9 ± 15.9 −9.1 ± 18.5 0.2 0.762

Note: The numerical values denote percentage change for each hemodynamic variable, a negative value
indicates a fall, and a positive value indicates an increase from the baseline. Values as mean ± SD.

Abbreviations: dAP, diastolc aortic pressure; dPAP, diastolic pulmonary artery pressure; iNO, inhaled
nitric oxide; ivS, intravenous sildenafil; mAP, mean aortic pressure; mLA, mean left atrial pressure;
mPAP, mean pulmonary artery pressure; mRA, mean right atrial pressure; PACI, indexed pulmonary
artery capacitance; PVRI, indexed pulmonary vascular resistance; Qp, pulmonary blood flow; Qpi,
indexed pulmonary blood flow; Qs, systemic blood flow; Qsi, indexed systemic blood flow; sAP, systolic
aortic pressure; sPAP, systolic pulmonary artery pressure; SVRI, indexed systemic vascular resistance.
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retrospective data in their study of 198 adults on oral
sildenafil (25 mg). The majority were females (63.6%)
with two equal diagnostic subsets (99 each)—IPAH
and associated PAH (APAH), the majority in the latter
subset having connective tissue disorder (23.2%). Our
study population had patients across all age groups
with female predominance (61%), the commonest
diagnosis being IPAH and operability assessment for
CHD. Milger et al.26 found that in the IPAH subset
there was a comparable fall in mPAP from baseline
with iNO and sildenafil (baseline: 51.6 ± 13.9, iNO:
44.1 ± 15.4, sildenafil: 44.6 ± 13.7 mmHg, p= 0.49).
However, the fall in mean PVR (baseline 969 ± 458,
iNO 789 ± 463, sildenafil 751 ± 403 dynes s cm−5,
p< 0.001) and rise in mean cardiac index (baseline
2.1 ± 0.6, iNO 2.2 ± 0.6, sildenafil 2.4 ± 0.6 L/min/m2,
p= 0.047) by sildenafil was statistically significant
when compared to iNO. Sildenafil also resulted in a
significant fall in mean RA pressures when compared
to iNO. In our study, in non‐CHD group, ivS, when

FIGURE 1 Intraclass correlation (ICC) between iNO and ivS
for the whole cohort. X‐axis shows ICC values and 95% confidence
intervals (CIs) marked by error bars. Y‐axis shows hemodynamic
variables on the left‐hand side and ICC numerical values on the
right‐hand side. dAP, diastolic aortic pressure; dPAP, diastolic
pulmonary artery pressure; iNO, inhaled nitric oxide; ivS,
intravenous sildenafil; mAP, mean aortic pressure; mLA, mean left
atrial pressure; mPAP, mean pulmonary artery pressure; mRA,
mean right atrial pressure; PACI, indexed pulmonary artery
capacitance; PVRI, indexed pulmonary vascular resistance; Qpi,
indexed pulmonary blood flow; Qsi, indexed systemic blood flow;
sAP, systolic aortic pressure; sPAP, systolic pulmonary artery
pressure; SVRI, indexed systemic vascular resistance.

TABLE 4 Data for acute responders

N= 2 Patient 1 Patient 2

Age (years) 11 26

Sex Male Female

Diagnosis IPAH IPAH

Hemodynamic
variables

Baseline iNO ivS Baseline iNO ivS

mPAP (mmHg) 60 26 28 48 28 30

Qsi (L/min/m2) 3.2 3.5 4.1 1.9 1.9 2.1

PVRI (Wu·m2) 15 4.2 4.2 18.9 8.3 10.1

PVRI:SVRI 0.5 0.2 0.2 0.5 0.2 0.3

Abbreviations: iNO, inhaled nitric oxide; IPAH, idiopathic pulmonary
arterial hypertension; ivS, intravenous sildenafil; mPAP, mean pulmonary
artery pressure; PVRI, indexed pulmonary vascular resistance; Qsi, indexed
systemic blood flow; SVRI, indexed systemic vascular resistance; Wu, Wood
units.

FIGURE 2 Intraclass correlation (ICC) between iNO and ivS
for non‐CHD and CHD groups. X‐axis shows ICC values and 95%
confidence intervals (CIs) marked by error bars. Y‐axis shows
hemodynamic variables on the left‐hand side and ICC numerical
values on the right‐hand side. CHD, congenital heart disease; dAP,
diastolic aortic pressure; dPAP, diastolic pulmonary artery
pressure; iNO, inhaled nitric oxide; ivS, intravenous sildenafil;
mAP, mean aortic pressure; mLA, mean left atrial pressure; mPAP,
mean pulmonary artery pressure; mRA, mean right atrial pressure;
PACI, indexed pulmonary artery capacitance; PVRI, indexed
pulmonary vascular resistance; Qpi, indexed pulmonary blood
flow; Qsi, indexed systemic blood flow; sAP, systolic aortic
pressure; sPAP, systolic pulmonary artery pressure; SVRI, indexed
systemic vascular resistance.
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compared to iNO, produced a significant fall in mPAP and
sAP, thus confirming the nonselective vasodilator property
of sildenafil. The changes in all other hemodynamic
variables were comparable, there was excellent ICC and
the difference in the percentage change from baseline
being ≤5.2% for all the variables. For the APAH subset in
the study by Milger et al.,26 all the above‐mentioned
variables decreased more with sildenafil with an increase
in cardiac index, and all changes were statistically
significant. Similarly, the CHD group in our study showed
a predominant effect with ivS, there was excellent ICC and
the difference in percentage change between the two
agents was more pronounced (up to 11%) than in the non‐
CHD group. In contrast to Milger et al.,.26 we noticed a fall
in cardiac output with both agents, the effect being
comparable. The derived variables in our study were
comparable for both the groups between two agents,
possibly because the absolute differences in the measured
variables were negated when converted to ratios.

Milger et al.26 identified more acute responders
(n= 23, 11.6%) with sildenafil when compared to iNO
(n= 16, 8.1%) in the whole cohort, the difference more
pronounced in the APAH subset (12.1% vs. 6.1%) and
comparable in IPAH subset (11.1% vs. 10.1%). Among
the IPAH subset, all the long‐term responders to CCB
were identified by iNO and sildenafil, suggesting the
utility of the latter in AVT in this subset. Overall, the
5‐year survival rate for the long‐term responders was
comparable between the two agents. In our study, all
acute responders had IPAH and were identified by both
agents. We did not identify any responders in terms of
operability in the CHD group with either agent thus
mandating validation with further prospective studies.
ivS was safe and well tolerated by our patients
including children, while Milger et al.26 reported
systemic hypotension in 4.5% of adult patients respond-
ing to fluid resuscitation.

FIGURE 3 Percentage change of hemodynamic variables from
baseline for iNO and ivS—non‐CHD group. The X‐axis shows
percentage changes in hemodynamics variables for iNO and ivS
from baseline, with the negative value showing reduction and
positive value increment. Y‐axis shows hemodynamic variables on
the left‐hand side and p values for the percentage changes between
iNO and ivS on the right‐hand side. CHD, congenital heart disease;
dAP, diastolic aortic pressure; dPAP, diastolic pulmonary artery
pressure; iNO, inhaled nitric oxide; ivS, intravenous sildenafil;
mAP, mean aortic pressure; mLA, mean left atrial pressure; mPAP,
mean pulmonary artery pressure; mRA, mean right atrial pressure;
PACI, indexed pulmonary artery capacitance; PVRI, indexed
pulmonary vascular resistance; Qpi, indexed pulmonary blood
flow; Qsi, indexed systemic blood flow; sAP, systolic aortic
pressure; sPAP, systolic pulmonary artery pressure; SVRI, indexed
systemic vascular resistance.

FIGURE 4 Percentage change of hemodynamic variables from
baseline for iNO and ivS—CHD group. X‐axis shows percentage
changes in hemodynamic variables for iNO and ivS from baseline,
with the negative value showing reduction and positive value
increment. Y‐axis shows hemodynamic variables on the left‐hand
side and p values for the percentage changes between iNO and ivS
on the right‐hand side. CHD, congenital heart disease; dAP,
diastolic aortic pressure; dPAP, diastolic pulmonary artery
pressure; iNO, inhaled nitric oxide; ivS, intravenous sildenafil;
mAP, mean aortic pressure; mLA, mean left atrial pressure; mPAP,
mean pulmonary artery pressure; mRA, mean right atrial pressure;
PACI, indexed pulmonary artery capacitance; PVRI, indexed
pulmonary vascular resistance; Qpi, indexed pulmonary blood
flow; Qsi, indexed systemic blood flow; sAP, systolic aortic
pressure; sPAP, systolic pulmonary artery pressure; SVRI, indexed
systemic vascular resistance.
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Day et al.16 in a retrospective study (n= 13) among
children studied the effect of iNO and ivS (median dose
0.16mg/kg, range 0.05–0.29) with variable FiO2. There
was a moderate positive correlation for mPAP and PVRI
between iNO and ivS but a poor correlation with
percentage changes from baseline and a significant lack
of consistency in identifying responders.

iNO remains the standard of care agent for AVT due
to its selective pulmonary vasodilator property. In
comparison, ivS has the advantages of comparable
hemodynamic properties with iNO, ease and familiarity
of use, nonrequirement of complex delivery systems,
widespread availability, and is safe. ivS over oral
sildenafil has the benefit of quick action with peak
plasma levels by 20min compared to 30–60min of the
latter thereby reducing the testing time and more
predictable bioavailability. To date, there are no prospec-
tive studies testing the utility of ivS as an agent for AVT
in adults and children.

The study limitations include the use of the Ficks
method and the LaFarge table for systemic and pulmo-
nary blood flow calculations, which has inherent draw-
backs. Flowmeter‐based iNO delivery has innate limita-
tions since the actual inspired concentration can vary
due to changes in breathing pattern, fresh gas flow rate
into the circuit, and rebreathing. We did not measure the
plasma levels of cGMP or sildenafil to demonstrate the
effectiveness of drug administration. Moreover, though
the acute responders were identified by both agents
accurately, as expected the numbers were few, suggesting
the necessity of large multicentre trials to validate
the same.

To conclude, ivS could be a potential alternative agent
for AVT in identifying acute responders for the initiation
of CCB in children and adults. The hemodynamic effects
of ivS on systemic and pulmonary circulation during
AVT are comparable to iNO and is safe. The ease of use,
familiarity, and easy availability could make it a
potentially attractive option, especially in limited
resource settings.
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