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1. Introduction
Pulmonary hypertension (PH) is a rare disease with poor prognosis and diverse

etiology in pediatric patients. With a few specific exceptions (such as PH
associated with bronchopulmonary dysplasia (BPD) or congenital
diaphragmatic hernia), the course is similar, with progressive damage to the
pulmonary vasculature, which is irreversible in the majority of cases.
However, the dynamics of the disease may vary depending on the etiology, so
proper diagnosis is as important as personalised treatment. In addition to non-
invasive diagnostics, invasive hemodynamic testing is of particular
importance, because the hemodynamic definition is used to confirm the
diagnosis of the disease. Once the diagnosis of PH is confirmed, therapeutic
options can be decided.

The etiology is of prognostic importance for the survival of patients with
pulmonary hypertension and therefore influences the therapy. In addition to
the etiology, several risk factors determining prognosis have been identified in
recent years. The risk stratification proposed by the international guideline,
which has been introduced mainly for the idiopathic form, defines high and
low values of the risk factors in childhood and examines the presence of a
given risk factor, which then forms the basis for the choice of therapy.

The main PAH-specific drugs used in children are endothelin receptor
antagonists (ERAS), phosphodiesterase 5 inhibitors (PDE5i) and prostacyclin
analogues. In the low-risk group, oral PAH-specific therapy is recommended
(PDES5i and ERA), mostly in combination. In high-risk cases, parenteral
prostacyclin is recommended subcutaneously or intravenously as monotherapy

or as part of a combination regimen.



2. Objectives
In Hungary, the Pediatric Heart Center of Gottsegen National Cardiovascular

Center is dedicated for pediatric cardiology and pediatric cardiac surgery. Our
centre started specialised treatment of PH patients 20 years ago and since then
we have treated nearly 160 children. We currently treat 50-60 patients for PH
every year. After a systematic review of risk assessment, treatment outcomes
and quality of life, we set the following goals:
2.1. To determine the prognostic value of early risk stratification in
pediatric PH
2.1.1. Impact of etiology on prognosis
2.1.2.  Significance of different risk factors, the number of risk
factors
2.1.3.  Evaluation of hemodynamic risk factors for transplant-free
survival
2.2. Analysis of our pediatric experience of subcutaneous treprostinil
treatment as part of advanced PAH treatment
2.2.1.  Assessment of tolerability of subcutaneous treprostinil
therapy in children
2.2.2.  Study of disease progression in children treated with
subcutaneous treprostinil
2.2.3. Dose-titration and target dose achievement rate
2.3. To assess QoL in our PH patient population
2.3.1 Comparison of iPAH and CHD in terms of QoL
2.3.2 Investigation of the association between age and QoL

2.3.3 Examination of PAH risk factors in terms of QoL



All of the following studies were performed in accordance with the Declaration
of Helsinki
(ethical permissions: SE RKEB numbers 125/2020, 127/2020)

3. Methods

3.1 Risk stratification study

The database of 58 pediatric PH patients (aged 0.1-16 years at time of
diagnosis, median 4.2 years, 29 male) treated between 1995 and 2019 at our
centre was reviewed retrospectively. PH patients were classified according to
Rosenzweig et al. Out of 58 PH patients, 12 patients had iPAH (group 1.1), 32
patients had PAH associated with congenital heart disease (CHD) (group
1.4.4), 2 patients had connective tissue disease (group 1.4.1), 2 patients had
PH associated with lung disease (group 3), and 10 patients had multifactorial
PH with complex heart disease (group 5). Due to the lack of initial
hemodynamic measurements, PH patients associated with BPD were
excluded. The median follow-up time was 5.4 years.

Baseline data collected at the time of diagnosis were demographics, WHO FC,
echocardiographic and hemodynamic parameters. Echocardiographic
parameters considered as signs of possible PH were RA/RV enlargement,
reduced LV size, increased RV/LV ratio, reduced TAPSE, and pericardial
effusion. Hemodynamic parameters included mRAP, mPAP, PWCP, and
mean arterial pressure. Systemic and pulmonary blood flows, indexed
resistances (systemic and pulmonary vascular resistance index - WU*m2)
were calculated. Determinants of elevated PH risk were cardiac index < 2.5
L/min/m2 , mRAP> 10 mmHg, PVRI > 20 WU*m2 , and systemic venous



saturation < 60%. NT-ProBNP level testing was not performed routinely at the
time of diagnosis. As the median age of our patients was only 4.2 years, the 6-
MWT was not performed routinely.

3.2 Subcutaneous treprostinil study

The database of 56 pediatric PH patients treated between 2006 and 2016 in our
institute was reviewed retrospectively. From our 56 PH patients, 32 patients
had PAH associated with CHD (group 1.4.4), 9 patients had PH associated
with lung disease (7 pts with BPD) (group 3), 3 patients had connective tissue
disease (group 1.4.1), and 12 patients had iPAH (group 1.1). Exclusion of other
causes of PH were conducted according to the guidelines.

During the study period, 8 patients were treated with subcutaneous treprostinil.
7 of 8 patients had iPAH (group 1.1) and 1 had PH associated with pulmonary
hypoplasia and complex congenital malformations (group 3).

Basic patient characteristics are listed in Table 2.



Table 2. Patient characteristics

. NT-

Age at PV(?' at TR at d Age at WHO | proBN
Pt Dg DG (Wugmz) () 9| TREIn | FCat | Pat

(years) (years) | TREin | TREin

(pg/ml)
1 iPAH 8.1 8.6 5.0 134 Il 8042
2 iPAH 13.6 21.2 4.6 14.7 11 3950
3 aPAH 24 10.5 4.8 8.4 v 6900
4 iPAH 10.3 13.8 4.2 114 11 2294
5 iPAH 14 5.2 4.7 2.6 1l 8656
not

6 iPAH 125 17.1 54 14.2 v perfor
med

7 iPAH 31 15.6 4.6 4.2 v 19653
not

8 iPAH 19 16.5 5.0 14.3 11 perfor
med

TREIn: treprostinil initiation; WHO FC: TR: tricuspid regurgitation

Baseline data collected at the time of diagnosis and before the initiation of

treprostinil were as follows: demographics, WHO FC, serum NT-proBNP

levels, echocardiographic parameters and hemodynamic data. Calculated

parameters were systemic and pulmonary blood flow and indexed resistances
(SVR and PVR in WU*m?2). Patients were reexamined at 3 to 6 month

intervals, collected data included WHO FC and echocardiogram. NT-proBNP

was measured only at time of clinical worsening.




The initial treprostinil dose was 2 ng/kg/min, increasing to 10 ng/kg/min over
5 days. Subsequent dose adjustments were made based on clinical symptoms.
Target dose was defined as 60 ng/kg/min. Treprostinil was administered as a

continuous subcutaneous infusion via an ambulatory microinfusion pump.

3.3 QoL study

Data of 25 patients (aged 2—-18 years, 17 male) with a diagnosis of PH requiring
specific medical treatment was reviewed in this cross-sectional study. Of 25
PAH patients according to clinical classification 1 had iPAH (group 1.1), 15
patients had PAH associated with CHD (group 1.4.4), 2 patients had PH
associated with lung disease (group 3), 7 patients had multifactorial PH with
complex heart disease (group 5).

To assess the PAH patients’ health-related quality of life (HR-QL), the
validated Hungarian version of the Pediatric Quality of Life Inventory
(PedsQL™) 4.0 Generic Core Scales (QL-GCS) and the PedsQL™ 3.0 Cardiac
Module (QL-CM) were used. The reference data of the QL-CM summarises
the results of the entire cardiological spectrum and it also contains a more
detailed breakdown depending on the severity of heart disease.

The QL-GCS has 4 (physical, emotional, social, school functioning), whereas
the QL-CM has 6 (heart problems-symptoms, treatment, perceived physical
appearance, treatment anxiety, cognitive problems, communication) domains
with child self-report and parent proxy-report formats. Child self-report and
parent proxy-report includes ages 5-7 years (young child), 8-12 years (child),
and 13-18 years (adolescent), the parent survey includes an extra 2-4 years

(toddler) format. Patients aged 5-18 years with appropriate mental/cognitive



capacity completed both age specific QL-GCS and QL-CM. The parent report
and the self-report questionnaire used a 5-point Likert score (0 = never, 1 =
almost never, 2 = sometimes, 3 = often, and 4 = always). It was linearly
transformed, resulting in a score of 0-100; higher scores indicating better
pediatric quality of life.

In addition, we have calculated Psychosocial Health Summary Score
(Psychosocial Sum), where the sum of the Likert scores is divided by the
number of questions answered in the Emotional, Social, and School
Functioning Modules.

At the time of the study, WHO FC, symptoms of right heart failure,
echocardiographic parameters (TAPSE - mm/Z score, left ventricular end-
systolic diameter - mm/Z score, left ventricular end-systolic eccentricity index)
were available as risk stratification data. NT-proBNP levels were also
available in 50% of patients. Hemodynamic measurements were performed
within one year in 20% of children. Regarding specific therapy for PAH, 18
patients were on monotherapy, 6 patients were on dual oral therapy and only 1
patient was receiving triple therapy including prostacyclin at the time of the

study.

4. Results

4.1. Risk stratification study

The majority of patients were in a stable clinical status at diagnosis (WHO FC
I-11 56/58 cases). Clinical signs of right heart failure were more frequent
(25/58), mainly in the form of fatigue and exertion complaints. This difference
between stable clinical status and the presence of symptoms of right heart

failure also shows the difficulty of accurately assessing WHO FC in children.
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Growth failure was observed in % of children. The presence of at least 1 of the
echocardiographic parameters suggestive of poor prognosis was confirmed in
more than half of the patients (35/57, 61.4%). Hemodynamic parameters at
time of diagnosis are shown in Table 4. At least 1 of the hemodynamic
parameters reached a value which could be classified as high risk (Cl<2.5
I/min/m2, mMRAP>10 mm Hg, PVRi>20 WU*m2, SV0O2<60%) in nearly half
of the patients (48%).

Table 4. Hemodynamic parameters at the time of diagnosis

Hemodynamic parameters Value
Cardiac index (I/min/m2) 3.5(1.3-7.4)
Mean right atrial pressure (MRAP) 9 (3-29)
(mmHg)

Systemic venous saturation (%) 68 (30-82)
Pulmonary vascular resistance index 10.4 (3.7-70.0)
(PVRI) (WU*m2)

variables are given in median (range)

The average follow-up was 5.4 years, with a mortality rate of 29%. Altogether
33% of patients reached the composite endpoint (death or lung transplant).

In terms of poor outcome, idiopathic and CHD-associated forms were
compared, the latter predicting a significantly better prognosis (even after
adjusting for age (hazard ratio = 0.12 [95% confidence interval: 0.03-0.48], P
= 0.0024) (Figure 1/a, 1/b). Presumably due to the low number of cases,
neither WHO FC (P = 0.0866), nor clinical signs of right ventricular failure (P



=0.2760) or developmental delay (P = 0.630) had significant prognostic value

in our study.
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Figure 1/a. Mortality in iPAH (n=12) compared to the patients with

CHD associated PAH (n=32)
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Figure 1/b Multivariate analysis of mortality in patients with CHD
associated PAH (n=32) compared to the patients with iPAH (n=12)

Similarly, the echocardiographic parameters were not found

determinants (P = 0.0576).

to be prognostic



Due to their importance, hemodynamic parameters were analysed separately.
First, taking into account the pathological cut-off values defined by the risk
stratification, we compared the group of patients with one or more pathological
values to children with hemodynamic parameters in the normal range and there
were no significant difference between the two groups. Considering PVRIi
alone as the most important parameter, we found a 49.1% higher hazard ratio
for every 10 WU*m2 increase in PVRi (95% confidence interval: 1.13-1.97, P
= 0.0048) (Figure 2)

Hazard Ratio

0.50 200 3.00 400 500 6.00 7.00 8.00
(| | | | | 1 1 |
| e

Pulmonary vasculary
resistance index
P=0.0048

Age at the time of
diagnosis

Figure 2. Effect of PVRi on mortality in our pediatric PAH population -
multivariate analysis

We also analysed the number of risk factors at the time of diagnosis. We found
an average of 2 risk factors, with an average of 2.5 in iPAH patients and an
average of 1 in CHD-related PAH. The number of risk factors alone was not

associated with worse prognosis in the study population (P=0.1534).

4.2. Treprostinil study
After the above described initiation and titration of subcutaneous treprostinil,

patients had their dosage increased to the target level of 60 ng/kg/min
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treprostinil (median (range 10-100) ng/kg/min). Two patients died early after
treprostinil initiation (one after 3 days and the other after 7 days) due to PAH

progression (Table 5).

Table 5. Treprostinil therapy characteristics and outcome

iPAH: idiopathic pulmonary arterial hypertension; aPAH: associated
Time on | Final TRE
Pt| Dg TRE dose WHO FC Outcome
. change
(years) | ng/kg/min
1| iPAH | 157 70 = death on lung tx
waiting list
2 | iPAH 231 60 = lung tx, survival
3 |aPAH 431 60 l survival
4 | iPAH 210 100 ' Potts shun_t, lung tx,
survival
5 | iPAH 0.33 80 = Potts shunt, death
6 | iPAH 0.003 10 =* death
7 | iPAH 0.02 40 =* death
8 | iPAH 0.02 10 =x* lung tx, death

pulmonary arterial hypertension; Pt: patient; Dg: diagnosis; TRE: treprostinil;

WHO FC: World Health Organization functional class; tx: transplantation; =

no change; =* no change, early death; =** no change, early lung transplant;?

increase in WHO FC; |decrease in WHO FC



Maximal dose of subcutaneous treprostinil reached 100 ng/kg/min in one
patient. The preferred s.c. site was the abdominal wall, even in small children.
Subcutaneous set replacement was performed on average 2-3 times per month.
The most common adverse events were pain and local reactions at the s.c. site,
which were managed by s.c. site change and minor analgesics (paracetamol).
None of the patients discontinued s.c. treprostinil treatment due to site pain.
Potentially due to the small patient number, no correlation was found between
the local pain and treprostinil s.c. dose or volume.
Thrombocytopenia was observed on one occasion, at a high treprostinil level
(100 ng/kg/min). Thrombocytopenia resolved after decreasing the treprostinil
dose. No severe hypotension, nausea, headache, cough or diarrhea were
reported.
Seven out of 8 patients reached end stage disease 1.0 year (median, range 0.03-
2.4 years) after treprostinil initiation. Four patients suitable for LuTx were put
on the waiting list. Three patients had a successful lung transplantation (one
after Potts shunt), one died while on the waiting list.
Potts shunt as a palliative surgical technique was performed in two cases. In
one patient, who was too young for LuTx, Potts shunt implantation was
performed after the ineffective triple combination drug therapy, but without
long-term success. In a second patient, Potts shunt was a short (54 days) bridge
to successful lung transplantation. perioperatively.
4.3. QoL study

Questionnaires for different age groups were completed by children
in the following age distribution: 7 patients in the 2-4 age group, 4 in the 5-7
age group, 8 in the 8-12 age group and 6 in the 13-18 age group. A total of 3

children were unable to complete the questionnaire due to mental health
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problems. PedsQL-GM and QL-CM Likert scores according to age are shown

in Table 6.

Table 6. PedsQL™ Generic Core Scales (PesQL™-GM) and PedsQL™
3.0 Cardiac Module scores (PedsQL-CM) in our patients

PedsQL™-GM

PedsQL™-CM

self-report parent self-report parent
proxy-report proxy-report
Patients aged 2-4
92.3 78.3
years - -
(52.1-100.0) (59.1-96.4)
(n=7)
Patients aged 5-7 190 84.1 82.8 90.5
ears ' 79.6-90.5 66.3-100.0) | (75.7-100.0
Y (70.0-100.0) ( )| a8 )
(n=4) (n=3) (n=3) (n=3)
Patients aged 8-13
52.7 57.1 68.3 59.3
years
(n=8) (41.6-91.4) (5.0-89.8) (28.8-91.3) | (34.8-94.3)
n=
Patients aged 13- | 66.3 63.5 69.0 52.2
18 years (50.2-74.1) (48.8-71.9) | (46.2-79.3) | (45.4-70.2)
(n=6) (n=3) (n=5) (n=4)

data expressed in median (range) value

Using PedsQL™-GM and CM data from previous studies based on Hungarian

general pediatric population and that of children attending a cardiac unit with

different type of heart diseases as reference, a compelling difference was

found, as PAH patients have significantly lower values than the general
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Hungarian pediatric population in every core domain. Further, PAH patients
have lower QL-CM scores than patients with different heart diseases in
Physical, Emotional, Social, Psychosocial Sum domains and in total scores.

Using the detailed break-down of patients with different disease severity, PAH
patient’s PedsQL-CM scores were similar to those with chronic heart disease

with great complexity (Table 7).

Table 7. PedsQL™ Generic Core self report scores (PedsQL™-GM) of

general Hungarian pediatric population, children with CHD and pts

with PAH
CHD-with
Healthy CHD great _
(n=366) (n=164) complexity PAH (n=25) | p values
(n=22)
healthy | CHD -
Mean | SD Mean | SD Mean | SD Mean | SD -PAH PAH
Physical 831 | 142 | 783 |188|67.8 |21.8|639 |286 |<0.001 |0.003
Emotional | 72.1 | 17.8 | 71.7 | 17.1|655 | 205|629 |21.9|<0.001 | <0.001
Social 838 |16.1 | 826 |175|733 |17.7|61.8 |31.1|<0.001 | <0.001
School 758 | 167 | 739 |16.8|709 |226 (643 |258 0034 |NS
functioning
Total 793 | 123 | 769 | 146|705 |16.8|62.9 |245|<0.001 | <0.001
gfﬁhogoc'a’ 773 | 134 | 761 |145|7212|17.7|639 |23.9 0002 |0.006

There was significant negative correlation between patient age and QL-CM
parent proxy Likert scores (r=-0.49, p<0.05) and QL-CM parent proxy Likert

scores (r=-0.58, p<0.05). There was significant positive correlation between
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TAPSE Z scores and QL-GCS patient self-report Likert scores (r=0.46,
p<0.05) and parent proxy Likert scores (r=0.47, p<0.05). In contrast, we found
no significant differences in the self-report and parent-proxy Likert scores
based on Z-score values of LVIDs and similarly no significant difference was
noted based on the left ventricular end-systolic eccentricity index.

There was a significant difference in parent proxy Likert scores between
patients with WHO FC | and class I1-1V. In addition, patients with WHO FC |
had higher QL-GCS parent proxy Likert scores in School Functioning module
(p=0.029) and QL-CM parent proxy Likert scores in Heart Problems and
Symptoms module (p=0.014).

When comparing patients with PAH on monotherapy versus combination
therapy, no significant difference could be observed in the self-report and

parent proxy Likert scores.

5. Conclusions
In our risk stratification study, we clearly confirmed that children treated with

CHD-related PAH have a lower mortality risk. In early risk stratification, PVRi
was found to be the strongest risk factor for survival, even when adjusted for
age. Combined hemodynamic risk factors did not show similar results. Among
the other risk factors in our study, WHO functional status was not found to be
a significant prognostic factor for survival in early risk stratification, mainly
due to the study limitations. In early risk stratification, few parameters showed
prognostic value for transplant-free survival, and it is therefore recommended
to reassess risk stratification during follow-up on a regular basis.

Of the parenteral prostacyclins, recommended in the high-risk group, the

subcutaneous treprostinil we studied, was found to be well tolerated in our
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patient population, with dose titration and target dose successfully achieved in
the majority of cases. In the iPAH group, all patients reached the composite
endpoint within 2.5 years after initiation of parenteral prostacyclin therapy at
the latest. This confirms the practice of some centres to start triple therapy
including parenteral prostacyclin early (up-front or rapid sequential therapy
setup) and to use high doses of prostacyclin in iPAH.

Our QoL study confirmed the hypothesis that pediatric PAH is a serious
disease in terms of quality of life, corresponding to the most severe cardiac
malformations among heart diseases. Quality of life shows a strong negative
correlation with age, which should be taken into account especially in the
treatment of adolescents, for the latter, psychological support is of paramount
importance. In terms of QoL, we could not prove (the low number of patients
in the parenteral prostacyclin group) whether the negative effect of the
limitations associated with subcutaneous pump treatment or the positive effect
of the improvement in functional status played a more important role. The
negative effects of the physical limitation using a subcutaneous treprostinil
pump can be reduced with an implantable device. Contrary to the risk
stratification study, the QoL study confirmed the important role of TAPSE as
a parameter indicating better ventricular function in the follow-up of therapy.
Well-treated children are asymptomatic (WHO FC Class 1) and have good RV

function, and these facts are assumed to result in a better quality of life.
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