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Abstract

Development of pulmonary hypertension (PH) in patients with left side heart disease (LHD) is a predictor of poor prognosis. The
use of pulmonary vasodilators in PH associated with LHD (PH-LHD) is controversial. In this study, we describe the practice
patterns regarding the use of pulmonary vasodilators in PH-LHD among a group of international pediatric PH specialists. A survey
was distributed to the members of three pediatric PH networks: PPHNet, PVRI, and REHIPED. The survey queried participants on
the rationale, indications, and contraindications of the use of pulmonary vasodilators in children with PH-LHD. Forty-seven PH
specialists from 39 PH centers completed the survey. Participants included PH specialists from North America (57%), South
America (15%), and Europe (19%). The majority of participants (74%) recommended the use of pulmonary vasodilators only in
patients with combined pre-capillary and post-capillary pulmonary hypertension. Participants required the presence of clinical
symptoms or signs of heart failure (68%) or right ventricular dysfunction by echocardiography (51%) in order to recommend
pulmonary vasodilator therapy. There was no agreement regarding hemodynamic criteria used to recommend pulmonary vaso-
dilators or the etiologies of LHD considered contraindications for using pulmonary vasodilators to manage PH-LHD. Of the
available PH-targeted drugs, most participants preferred the use of phosphodiesterase-5-inhibitors for this indication. In conclu-
sion, the practice of recommending pulmonary vasodilators in PH-LHD is highly variable among international pediatric PH
specialists. Most specialists of those surveyed (57% in North America) would consider the use of pulmonary vasodilators in
PH-LHD only if pre-capillary pulmonary hypertension and right ventricular dysfunction are present.
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Pulmonary hypertension (PH) is a known predictor of poor
prognosis in left-sided heart disease (LHD), including mitral
and aortic valve disease and heart failure." * PH can devel-
op in all patients with LHD secondary to elevation of the
pulmonary venous pressure resulting in passive elevation in
pulmonary artery pressure (PAP; isolated post-capillary
PH) to maintain the cardiac output.* In isolated post-
capillary PH, the pulmonary artery diastolic pressure is
slightly higher than the left atrial pressure (difference
<7mmHg) and the pulmonary vascular resistance is
normal (<3 Woods Units (WU)).> In some patients, the
pulmonary arteries, alveolar vessels, and pulmonary veins

can remodel resulting in a decrease in pulmonary edema at
the expense of further elevation in PAP.® The pulmonary
artery diastolic pressure in these patients is elevated out of
proportion to the left atrial pressure (difference >7 mmHg)
and the pulmonary vascular resistance is also eclevated
(>3 WU: combined pre-capillary and post-capillary PH).’
The definitions of pre-capillary, post-capillary, and com-
bined pre-capillary and post-capillary PH are shown in
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Table 1. Low cardiac output, systemic congestion, and right
ventricular dysfunction occur in patients with combined
pre-capillary and post-capillary PH as a result of increased
right ventricular afterload.” The presence of right ventricu-
lar dysfunction in patients with LHD is a poor prognostic
marker.®

The use of pulmonary vasodilators in the management
of PH associated with LHD (PH-LHD) is controversial
among adult PH providers.” In a survey of adult PH refer-
ral centers in the United States, 77% of centers prescribed
pulmonary vasodilators in patients with PH-LHD.'® The
common use of PH-targeted therapies was especially
remarkable in the face of strong guideline recommenda-
tions from major medical organizations against the use
of pulmonary vasodilators in PH-LHD.'' These recom-
mendations stem from the results of clinical trials that
showed no clear benefit and possibly increased risks of
administering pulmonary vasodilators in the setting of
PH-LHD."> '

The incidence and prevalence of PH in children with
LHD is unknown.'"’Pediatric PH registries have reported
5-14% of included patients having PH-LHD.'®!'” The eti-
ologies of LHD in children are different from those in
adults, with different implications regarding PH treatment
and prognosis.'®The effect of elevated pulmonary venous
pressure on the alveolo-capillary bed and vascular remodel-
ing are also possibly different with added factors related to
lung vascular growth and development, which is absent in
adults.'This makes extrapolation of results of clinical trials
from adults to children very difficult and likely inappropri-
ate. There are currently no guidelines or consensus state-
ments on management of PH-LHD in children.'®
Therefore, to study PH-LHD in pediatric patients, it is
important to first establish what are the common current

Table 1. Definitions of pulmonary hypertension.®

PH: mPAP >20 mmHg in children >3 months of age at sea level

Pre-capillary PH:

mPAP >20 mmHg

PAWP or LVEDP <I5mmHg

PVR index >3 WU m*

Diastolic TPG (DPG) >7 mmHg (adjunct criterion)
Isolated post-capillary PH:

mPAP >20 mmHg

PAWP or LVEDP >15mmHg

PVR index <3 WU m?

Diastolic TPG (DPG) <7 mmHg (adjunct criterion)
Combination of pre-capillary and post-capillary PH

mPAP >20 mmHg

PAWP or LVEDP >15mmHg

PVR index >3 WU m?

LVEDP: left ventricular end diastolic pressure; mPAP: mean pulmonary artery
pressure; PAWP: pulmonary artery wedge pressure; PH: pulmonary hyperten-
sion; PVR: pulmonary vascular resistance; TPG: transpulmonary gradient.

practice patterns in managing these patients among pediat-
ric PH providers. This study aims at identifying the practice
patterns of a cohort of international PH specialists
regarding the use of pulmonary vasodilators in children
with PH-LHD.

Methods

A survey in the form of multiple-choice and open-ended
questions was created in Redcap (Supplementary material).
The survey questions addressed the practice patterns of PH
specialists regarding the use of pulmonary vasodilators in
children with PH-LHD. Participants who did not recom-
mend pulmonary vasodilators in PH-LHD did not
continue the remainder of the survey. Participants who
recommend the wuse of pulmonary vasodilators in
PH-LHD were asked about their rationale for doing so,
the indications and contraindications for starting pulmo-
nary vasodilators and the class of pulmonary vasodilators
used. All questions inquiring about cutoff thresholds were
open-ended questions to avoid any suggestion or anchor-
ing effect. The participants were also asked if their recom-
mendation to treat PH-LHD changed depending on the
etiology of LHD and whether the etiology of LHD was
reversible.

The survey was distributed in the pediatric sessions at the
Pulmonary Vascular Research Institute (PVRI) meeting
held in Peru (January 2020), the Spanish PH registry meet-
ing in Madrid (February 2020) and the International
Conference of Neonatal and Pediatric Pulmonary
Vascular Disease in San Francisco (March 2020). The
survey was also distributed via email to the members of
three pediatric PH networks: the Pediatric Pulmonary
Hypertension Network (PPHNet, collaborative group of
14 pediatric PH centers in North America and Canada),
the Pediatric & Congenital Heart Disease Taskforce of the
PVRI, and the Spanish Registry of Pediatric Pulmonary
Hypertension (REHIPED). The participants received a
link to the Redcap survey or a hard copy of the survey if
they preferred. The survey was conducted between January
2020 and April 2020.

Statistics

Continuous data were expressed as median and interquartile
range and categorical data as frequency and percentages.
The mode was calculated for certain variables to express
the most common choice of the participants. To evaluate
the differences in practice patterns based on the demo-
graphics of the participants, we divided the participants
into two groups based on the median value of age and
years of experience. We also compared the participants’
responses based on the volume of patients managed in their
PH practice (<100 patients vs. >100 patients), and according
to the continent where they practiced (North America, South
America and Europe). Comparisons of the responses based
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on these demographic groups were performed using the Chi
squared test. Statistical analysis was performed using Stata
(version 14, College Station, TX); differences were considered
significant if p value <0.05.

Table 2. Characteristics of the study participants (n = 47).

Median (IQR), n (%)

Age (years) 50 (43,56)
Years of experience (years) 12 (9,20)
Hours/week managing PH (h) 10 (5,20)
Volume of practice
Less than 50 patients 16 (34)
50-100 patients I (23)
More than 100 patients 20 (43)
Specialty
Cardiology 40 (85)
Pulmonology 49
Neonatology 2 (4)
Other 1(2)
Research type
Not involved in research 5(I1)
Clinical research 32 (68)
Basic science research 1 (2)
Clinical & basic science 9 (19)
Continent®
North America 27 (57%)
United States of America 23
Mexico 4
South America 7 (15%)
Columbia 3
Argentina |
Brazil |
Ecuador |
Peru |
Europe 9 (19%)
Spain 5
Holland |
Italy |
Sweden |
United Kingdom |
Asia 1 (2%)
Australia 1 (2%)

*Two participants did not record their location of practice.

(@) (b)

Never treat

n=47 PH-LHD
Treat all PH-
LHD
75%

Treat only
PH-LHD with
pre-capillary

component

Delay irreversible
pulmonary
vascular disease

Results

The survey was sent to 210 potential participants out of
which 49 participants attempted and 47 participants
(response rate 22%) from 39 centers fully completed the
survey. The characteristic demographics of the participants
are shown in Table 2. The participants represented a bal-
anced group of international PH specialists in regard to age,
years of experience, and volume of patients managed by
their practice. On the other hand, the majority (85%) of
participants were pediatric cardiologists, practicing in
North America (57%) and were involved predominantly
in clinical rather than basic science research.

Q!: Do you treat PH-LHD with pulmonary vasodilators?

Ten (21%) participants would not recommend pulmonary
vasodilators in children with PH-LHD (Fig. 1). For those
participants the survey ended. The remainder of the results
reflect the views of 37 (79%) of the participants who would
prescribe pulmonary vasodilators in children with PH-LHD.

Q2: Rationale for using pulmonary vasodilators?

The majority of the providers prescribing pulmonary vaso-
dilators to children with PH-LHD would only do so in the
presence of pre-capillary PH. The rationale for prescribing
pulmonary vasodilators was predominantly to support the
right ventricle (81%) and to delay the development of irre-
versible pulmonary vascular disease (49%). Other reasons
noted were to increase cardiac output (22%), to prevent PH
crisis and to improve candidacy for heart transplantation.

Q3: Assessments used to decide which patient with
PH-LHD to initiate pulmonary vasodilators on?

Thirty-four (94%) and 29 (79%) participants who would
prescribe pulmonary vasodilators for PH-LHD used the
information obtained from a cardiac catheterization or an
echocardiogram respectively to decide on prescribing pul-
monary vasodilators (Fig. 2). Twenty-five (68%) of partic-
ipants required patients to be symptomatic prior to
prescribing pulmonary vasodilators. Twenty-one (57%) of

Rationale for use of pulmonary vasodilators in PH associated with
LHD (n=37)

30
18
10..
-
other

Increase cardiac
output

Support the right
ventricle

Fig. 1. Participants’ views regarding the use of pulmonary vasodilators in children with PH-LHD. (a) Pie chart depicting percentage of
participants recommending pulmonary vasodilators. (b) Bar chart depicting the different rationale for recommending pulmonary vasodilators.
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Echo
3%

Echo & Cath
& Clinical
57%

Hemodynamic assessments used to evaluate
candidacy for pulmonary vasodilator use (n=35)

28

23
13
H = =
TPG DPG PVRi Mean PAP Mean Other
RAP

Cath
13%

Clinical
0%

Echo & Cath
16%

Echo & Clinical
3%
Cath & Clinical
8%
n=37

Echocardiographic assessments used to evaluate
candidacy for pulmonary vasodilator use (n=29)

19
13
11
4
Rt heart PH Depressed Other
dilation RVFxn

Symptoms & Signs used to evaluate candidacy for
pulmonary vasodilator use (n=25)

15 16
7
= i =

Chest pain  Syncope

Fatigue

Systemic other

congestion

Fig. 2. Assessments used by participants in children with PH-LHD to evaluate their candidacy for pulmonary vasodilators. (a) Pie chart depicting
minimal assessments required by participants to recommend pulmonary vasodilators. (b) Hemodynamic criteria used to evaluate the candidacy
for pulmonary vasodilators. (c) Echocardiographic criteria used to evaluate the candidacy for pulmonary vasodilators. (d) Clinical criteria used to
evaluate the candidacy for pulmonary vasodilators. Cath: cardiac catheterization; DPG: diastolic pulmonary gradient; Echo: echocardiography;
PAP: pulmonary artery pressure; PVRi: pulmonary vascular resistance indexed to body surface area; RAP: right atrial pressure; Rt: right; RVFxn:

right ventricular function; TPG: mean transpulmonary gradient.

participants required patients to be symptomatic and obtain
an echocardiogram and cardiac catheterization prior to pre-
scribing pulmonary vasodilators in PH-LHD.

Q4: Hemodynamic parameters used in the decision to
initiate pulmonary vasodilators in PH-LHD?
The hemodynamic variables and their cutoff thresholds

used to recommend pulmonary vasodilators were not con-
sistent among the participants. Most participants used the

pulmonary vascular resistance followed by the mean trans-
pulmonary gradient and diastolic transpulmonary gradient.
The range of cutoff thresholds for these three variables was
large (3—-12 WU, 6-20mmHg, 5-15mmHg) and the mode
for each variable was (3 WU, 15mmHg and 7mmHg),
respectively. Of the participants who use cardiac catheteri-
zation results to recommend pulmonary vasodilators in
PH-LHD, 13 (38%) would not prescribe pulmonary vaso-
dilators if the left atrial mean pressure was greater than
20mmHg and 8 (24%) would not prescribe pulmonary



vasodilators if the left atrial mean pressure was greater than
I5SmmHg.

Q5: Does acute vasoreactivity response affect the
decision to initiate pulmonary vasodilators?

The participants were split on whether acute vasoreactivity
testing was helpful in identifying patients who would benefit
from a pulmonary vasodilator. Fifty-nine percent reported
that the results of acute vasodilator testing during cardiac
catheterization did not help identify patients who would
benefit from a pulmonary vasodilator. On the other hand,
41% of participants would prescribe pulmonary vasodila-
tors only if an acute vasodilator test was positive and the
left atrial pressure did not significantly increase during the
test.

Q6: Echocardiographic parameters used in the decision
to initiate pulmonary vasodilators in PH-LHD?

The majority (79%) of participants required the presence of
findings on echocardiography prior to recommending a pul-
monary vasodilator (Fig. 2). These findings mainly reflected
right ventricular function, with 19 (66%) participants
requiring the presence of depressed right ventricular systolic
function and 13 (45%) participants requiring the presence
of right heart dilation. Other echocardiographic findings
reported by the participants as important in deciding
which patient might benefit from pulmonary vasodilators
were; the presence of signs of PH, the gradients across the
left heart structures, the left atrial dimensions, the flow
direction across any cardiac defect, and the velocity of
flow across an atrial communication.

Q7: Clinical symptoms and signs used in the decision to
initiate pulmonary vasodilators in PH-LHD?

Most of the participants (68%) required the presence of
clinical symptoms prior to recommending pulmonary vaso-
dilators (Fig. 2). The two symptoms most commonly
required were increasing fatigue (43%) and syncope
(41%). While these symptoms overlap with symptoms of
LHD without PH, the more specific sign of right-sided
heart failure, systemic congestion, was required by only a
small group of participants (19%).

Q8: Does the etiology of PH-LHD affect the decision to
initiate pulmonary vasodilators in PH-LHD?

The etiology of the LHD was reported to affect the decision
to recommend pulmonary vasodilators in 78% of the par-
ticipants (Fig. 3). Participants were reluctant to recommend
pulmonary vasodilators to patients with pulmonary vein
stenosis, systolic left ventricular dysfunction, aortic valve
disease, and coarctation of the aorta. The majority
(62.5%) of the participants used the same clinical,
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13
11 11
8 8
Pulmonary vein  Mitral valve Aortic valve Systolic Diastolic
stenosis disease disease & Dysfunction Dysfunction
Coarctation

Fig. 3. Bar chart depicting etiologies of left-sided heart disease in
which participants considered pulmonary vasodilators were
contraindicated.

echocardiographic or hemodynamic criteria to recommend
pulmonary vasodilators for the different etiologies of LHD.

Q9: Does the decision to initiate pulmonary vasodilators
in PH-LHD differ if the cause of the PH-LHD was
reversible versus irreversible?

The reversibility of the LHD was not considered an impor-
tant factor in recommending pulmonary vasodilators in PH-
LHD in 50% of participants. For those participants where
reversibility was important (35%), half would prescribe it
only if the LHD was reversible and the other half only if the
LHD was irreversible. Five participants did not respond to
this question.

Q10: Which class of pulmonary vasodilators is preferred
in PH-LHD?

Participants preferred using phosphodiesterase-5-inhibitors
(64%) and endothelin receptor antagonists (18%) for PH-
LHD. Eighteen percent of participants had no preference
and no participant preferred the use of prostanoids for PH-
LHD.

QI I: Were the differences in responses based on the
participant’s demographic information?

There were no differences between the participants regard-
ing recommending pulmonary vasodilators for PH-LHD
based on participants’ ages, years of experience or the
volume of their practice (p values >0.05). There were also
no differences based on the aforementioned participant
characteristics regarding the rationale for recommending
pulmonary vasodilators in PH-LHD, the assessments used
prior to this recommendation and the preferred class of
pulmonary vasodilator recommended (p values >0.05).
Overall there were also no differences in the practice pat-
terns based on location of practice (p values >0.05). The
only difference found among the different groups of partic-
ipants was that high-volume centers were more likely to
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recommend the use of pulmonary vasodilators in patients
with pulmonary vein stenosis (p =0.01). This difference was
mainly driven by participants from North America, where
90% (versus 43% in the rest of the cohort) of participants
who use pulmonary vasodilators in PH-LHD, would use
them in patients with pulmonary vein stenosis.

Discussion

This study sheds light on the significant variation in practice
among PH providers in regard to treating children with PH-
LHD with pulmonary vasodilators. The survey results
reflect the absence of agreement to the most fundamental
question of whether to recommend pulmonary vasodilators
in PH-LHD. The survey tried to clarify the underlying
rationale behind prescribing pulmonary vasodilators in
this group of patients, the criteria used, and the preferred
class of pulmonary vasodilators recommended. The survey
responses indicate that most pediatric PH providers would
consider treating patients with PH-LHD with pulmonary
vasodilators if they have combined pre-capillary and post-
capillary PH and evidence of right ventricular dysfunction.
Their rationale is mainly to support the right ventricle.
There was no agreement, however, regarding the clinical,
echocardiographic or hemodynamic criteria or cutoff
thresholds used to recommend pulmonary vasodilators in
PH-LHD. There was disagreement among the participants
regarding the definition of PH-LHD. Eight participants
(17%) reported recommending pulmonary vasodilators in
PH-LHD but would not do so if the mean left atrial pres-
sure was greater than 15mmHg, which is part of the defi-
nition of PH-LHD. This suggests that some PH specialists
use different definitions or cutoffs of left atrial pressure to
define PH-LHD. There was also disagreement among pro-
viders regarding the etiologies of LHD that would be con-
sidered relative contraindications to the use of pulmonary
vasodilators. We could not elucidate a pattern that can
explain why certain etiologies were considered contraindi-
cations relative to others. For example, the most proximal
and the most distal left-sided obstructions were considered
contraindications with almost equal frequency. The same
applies to systolic versus diastolic left ventricular dysfunc-
tion. Diastolic dysfunction was the least reported contrain-
dication while aortic obstruction, that is commonly
associated with diastolic dysfunction, was the most com-
monly reported contraindication.

The study results suggest fundamental differences in how
the community of pediatric PH providers thinks about the
role of pulmonary vasodilators in PH-LHD. Some pro-
viders think there is no role while others think the role of
pulmonary vasodilators is palliative, hence only using it if
the LHD is irreversible with signs of right ventricular fail-
ure. A third group of providers consider it as a method to
postpone irreversible pulmonary vascular disease and hence

would advocate for treatment even if the LHD was treatable
and in some of these providers even prior to developing
right ventricular dysfunction.

The class of pulmonary vasodilators preferred by PH
specialists in PH-LHD was phosphodiesterase-5-inhibitors.
This may be driven by the ease of administration, availabil-
ity, and the lower side effect profile of this class of medica-
tions. However, it may also be driven by reports of
improvement in pulmonary hemodynamics and exercise
capacity in adult heart failure patients with reduced ejection
fraction.”® However, less respondents considered diastolic
dysfunction a contraindication to pulmonary vasodilators
than systolic dysfunction despite the inefficacy of
phosphodiesterase-5-inhibitors in adult patients with heart
failure and preserved ejection fraction.'?

In comparison to surveys performed in adult PH pro-
viders, the pediatric PH providers show a similar degree
of disagreement in regard to the use of pulmonary vaso-
dilators in PH-LHD. In the study by Trammell et al.,
77% of adult PH providers consider the use of pulmonary
vasodilators in PH-LHD, strikingly similar to the 79% in
this study.'” The results of this survey and similar ones
addressing the use of pulmonary vasodilators in WHO
non-group I PH patients, reflect the lack of evidence
based practice within the PH community.>' > They also
reflect the need for larger well designed studies to address
these pressing questions.

The main limitation of our study is that the survey
reflects the views of a very specialized group of providers,
PH specialists attending international conferences, who
probably treat an overall small percentage of children
with PH-LHD. Most centers worldwide do not have PH
specialists, and many do not have access to pulmonary vas-
odilators. This issue is reflected in the geographical distri-
bution of the study participants. Therefore, the practice
patterns reported are skewed towards practice patterns in
academic centers in the United States with specialized pedi-
atric PH teams, rather than what most children with PH-
LHD experience in pediatric cardiology departments. The
response rate to our survey, despite being higher than other
published surveys,?*** is still low (22% of surveyed individ-
uals). The survey was anonymous and so the participant’s
demographic information and size of their practice could
not be verified. The survey tried to address the general
trend towards the evaluation of PH-LHD patients and
usage of PH targeted drugs in this patient population.
Therefore, we did not evaluate more specific questions,
e.g. the echocardiographic criteria used to diagnose RV
dysfunction or if the presence of an atrial communication
affects the decision to use pulmonary vasodilators in
PH-LHD.

In conclusion, the practice of recommending pulmonary
vasodilators in PH-LHD is highly variable among interna-
tional pediatric PH specialists. Most specialists of those
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surveyed (57% in North America) would consider the use of
pulmonary vasodilators in PH-LHD only if pre-capillary
PH and right ventricular dysfunction are present.
However, there is no consensus on the rationale, the criteria
and the thresholds used to recommend pulmonary vasodi-
lators in children with PH-LHD.
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