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Abstract. Background and Objectives: To evaluate the effectiveness and safety of balloon pulmonary angioplasty
in patients with inoperable chronic thromboembolic pulmonary hypertension in Vilnius Pulmonary
Hypertension Referral centre and provide comparative analysis with other centres. Materials and Methods. This
study included all balloon pulmonary angioplasty procedures performed between 2019 and 2024 in a single
tertiary centre. Invasive haemodynamic parameters and clinical variables were assessed at baseline, at the end
of invasive treatment, and at the conclusion of follow-up (average 8.6 months) following the last balloon
pulmonary angioplasty. Additionally, respective literature review was performed. Results. Twenty-six patients
with inoperable chronic thromboembolic pulmonary hypertension were enrolled. The mean age of the patients
was 61.6 (40-80) years. Each patient underwent an average of 4.2 (1-9) procedures. Follow-up data were
available for 12 patients. Mean pulmonary arterial pressure decreased by 38.8% (p<0.001) and pulmonary
vascular resistance by 51.6% (p=0.001) at follow-up as compared with baseline measurements. There was also
a significant 79.5% (p<0.001) reduction in brain natriuretic peptide levels and a 25.7% (p=0.04) increase in 6-
minute walk distance. BPA procedures were generally safe in the low-volume centre settings, with 17% of non-
severe and non-fatal procedure-related complications. Conclusion. The results of the present study
demonstrated that the BPA procedure was safe and improved invasive haemodynamic parameters, functional
capacity and reduced brain natriuretic peptide levels in patients with inoperable chronic thromboembolic
pulmonary hypertension. The BPA procedure may be effective and safe not only in high-volume, but also in
low-volume centre setting.

Keywords: balloon pulmonary angioplasty; chronic thromboembolic pulmonary hypertension;
treatment of inoperable CTEPH

1. Introduction

Chronic thromboembolic pulmonary disease (CTEPD) with or without pulmonary hypertension
(PH) is a disease caused by persistent obstruction of the pulmonary arteries by organised fibrotic
thrombi and associated microvasculopathy. Chronic thromboembolic pulmonary hypertension
(CTEPH) is usually considered a complication of acute pulmonary embolism (PE), and it has been
estimated that approximately 0.56-3% of patients with acute PE develop CTEPH [1,2]. This condition
includes symptomatic patients with mismatched perfusion defects on pulmonary
ventilation/perfusion (V/Q) scan and evidence of chronic, organised, fibrotic clots on computed
tomography pulmonary angiography (CTPA) or digital subtraction angiography (DSA) after at least
3 months of therapeutic anticoagulation [3]. The incidence of CTEPH is 3.1-6.0 per million and the
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prevalence is up to 25.8-38.4 per million [4]. The number of people diagnosed with CTEPH is
increasing due to a better understanding of the disease and more active screening [3].

Pulmonary endarterectomy (PEA) is the first-line treatment for patients with CTEPH and, when
performed in experienced centres, is associated with in-hospital mortality of <5% as well as
haemodynamic and functional improvement and long-term survival [5-8]. However, in certain
situations surgery cannot be performed, for example due to distal location of the disease (technically
not feasible) and patient comorbidities (poor risk/benefit ratio) [9]. As a result, approximately 40% of
CTEPH patients are inoperable [8]. In addition, up to 25% of operated patients have residual or
recurrent PH [10]. Such patients can be treated with PH-specific medical therapy, but current
evidence of haemodynamic and symptomatic improvement lacks long-term data [11,12].

Consequently, balloon pulmonary angioplasty (BPA) has recently emerged as a treatment
option and is now recommended by the European Society of Cardiology (ESC) and the European
Respiratory Society (ERS) for patients who are technically inoperable or have residual PH after PE
and distal obstructions amenable to BPA (class IB recommendation) [3]. BPA is an interventional
procedure that uses a specifically sized balloon to dilate organised thrombi and restore blood flow to
the distal pulmonary arteries [13]. Evidence shows that BPA improves pulmonary haemodynamics,
6-minute walk distance, functional class and quality of life by improving pulmonary circulation
[9,14-16]. We aim to share our first experience on BPA procedures and to evaluate the efficacy of such
therapy for inoperable CTEPH patients in a low volume PH referral centre at Vilnius University
Hospital Santaros clinics.

2. Materials and Methods

Study Population. The observational study was approved by the Vilnius Regional Biomedical
Research Ethics Committee (approval no. 2020/1-1182-669 with amendments RL-PC-1). Only patients
with inoperable CTEPH who signed an informed consent to participate in the study were enrolled.
Patients were evaluated at the Vilnius Pulmonary Hypertension Referral Centre. The diagnosis of
CTEPH was based on a detailed medical history, physical examination, chest radiography, chest
computed tomography, transthoracic echocardiography, pulmonary ventilation-perfusion
scintigraphy, right heart catheterisation (RHC) and angiographic demonstration of multiple stenoses
and obstruction of the bilateral pulmonary arteries. CTEPH was diagnosed after at least 3 months of
effective anticoagulation with (a) mean pulmonary artery pressure (PAP) > 25 mmHg, (b) pulmonary
artery wedge pressure < 15 mmHg, and (c) elevated pulmonary vascular resistance (PVR) > 3 wood
units, confirmed by right heart catheterisation according to current guidelines (37). The analysed
cohort consisted of 26 consecutive patients who underwent BPA interventions at Vilnius University
Hospital Santaros clinics (VUHSC) between November 2019 and December 2023. 12 patients with
clinical and haemodynamic data at follow-up constituted the final cohort to evaluate the safety and
efficacy of BPA in the setting of a single, low-volume centre.

Clinical evaluation. Periprocedural tests included measurements of brain natriuretic peptide
(BNP) levels, 6-minute walk distance (6MWD) and transthoracic echocardiographic parameters.
Right heart catheterisation (RHC) was performed to measure systolic (sPAP), diastolic (APAP), mean
pulmonary arterial pressure (mPAP) and cardiac output (CO). In addition, pulmonary vascular
resistance (PVR) in Wood units and cardiac index (CI) were calculated invasively.

Procedure. The procedures were performed by two specially trained interventional cardiologists
at the centre with more than ten years' experience as interventional cardiologists, one in coronary
artery disease and the other in structural heart disease.

Description of the BPA procedure. Ultrasound-guided cannulation of either the right or left
femoral vein was used to reduce puncture site complications. Sequential contrast angiography of the
right and left pulmonary arteries (PAs) was performed using either a 5 Fr or 6 Fr pigtail catheter to
identify stenoses. The pigtail catheter was then exchanged for a guide catheter - either an R], L] or
multipurpose (MP) catheter, with the choice of 6Fr or 7Fr at the operator's discretion. The decision
on which pulmonary artery branches to target for intervention was based on an analysis of the
morphology of the PA branches and the location of the stenoses. The guiding catheter was selectively


https://doi.org/10.20944/preprints202402.0488.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 February 2024 doi:10.20944/preprints202402.0488.v1

navigated into the involved branch and the stenosis was crossed with a 0.014" guidewire, with the
use of a non-polymer "workhorse" wire recommended. A balloon catheter, chosen to be slightly
smaller than the expected diameter of the vessel, was threaded over the wire and inflated at the site
of the stenosis and held in place for 30-60 seconds. Initial dilatation was performed with a small
diameter balloon of 2.0 to 2.5 mm.

To prevent reperfusion pulmonary oedema, severe lesions were treated sequentially in stages
during multiple BPA sessions at a mean interval of 9.5 weeks. Typically, 4-6 stenoses were treated
per session, with the specific lesions selected by the interventionalist based on their complexity. The
stenoses were dilated by changing the balloon diameter - the diameter of the balloon was gradually
increased to the nominal diameter of the vessel at each subsequent session. As recommended by
previous studies, a radiation dose of 1000 mGy, an exposure time of 60 minutes and a contrast volume
of 300 ml were not exceeded in a single session to minimise the risk of procedural complications.

A 12-hour post-procedure observation period was recommended, followed by discharge home
if no complications were observed after 24 hours. This approach ensures patient safety while making
efficient use of hospital resources.

On average, a patient underwent 4.2 BPA procedures before discontinuing treatment. The
reasons for stopping BPA were: improvement in mean PAP, symptomatic improvement, technical
difficulties or lack of patient compliance.

Statistical analysis. Data were analysed using repeated measures ANOVAs for 6 MWD, BNP,
sPAP, mPAP, CO and PVR. Analyses were performed using JASP software (version 0.18.2) (JASP
Team, 2024; https://jasp-stats.org/). The within-subject factor was the time of measurement: before
treatment, after treatment and follow-up. The Bonferroni correction was used as a post-hoc test to see
the specific differences between the measurement times. The expectations according to the
hypotheses were as follows: (1) The Bonferroni comparisons between before BPA and after BPA as
well as before BPA and follow-up in terms of 6 MWD and CO scores will show a significant difference
and positive relationship; (2) Bonferroni comparisons between before BPA and after BPA as well as
before BPA and follow-up for BNP, sPAP, mPAP and PVR scores were expected to show a significant
difference and negative relationship; (3) 6 MWD, BNP, sPAP, mPAP, PVR and CO scores are expected
to see no significant diference between the time of after treatment and follow-up. Sphericity
assumptions were checked before the main analysis. Mauchly's sphericity test was used to check for
violations. The test did yield a significant effect that signified violation of the assumption of
sphericity, hence, the Greenhouse-Geisser correction was applied. All following analyses have been
interpreted using the Greenhouse-Geisser correction.

3. Results

Baseline characteristics of the study population. Twenty-six patients were included in the
study. The mean age of the patients was 61.68 years (range, 40-80) and 16 (61.5%) were male. All
patients were receiving anticoagulant therapy and 24 (92%) were receiving riociguat (21 patients) or
another anti-PH therapy. Twenty-one patients were treated with monotherapy, 3 with a PH drug
combination. Two patients received targeted PH treatment after a single BPA procedure and were
not scheduled for further procedures due to lesions in very small vessels. The main characteristics of
the study population are shown in Table 1.

Table 1. Baseline characteristics of the study population.

Study population, n 26
Mean age, years 61.68 (40-80)
Male, n (%) 16 (61.5%)
Targeted PH medical treatment, n (%) 2 (88%)
e Riociguat, n 19

¢ Riociguat and Bosentan, n 2
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e Sildenafil and Ambrisentan, n 1
e Sildenafil, n 1
e Diltiazem, n 1
e  One medication, n 21
e Two medications, n 3
Oral anticoagulants, n (%) 26 (100%)

BPA Efficacy assessment. A total of 100 procedures were performed during the study period. 7
patients underwent only one procedure. No further procedures were planned for various reasons:
mostly because the lesions were in very small vessels, at their distal end where BPA is technically
impossible, or the vessels were very tortuous, kinked and there was no stenosis at maximum
inspiration, or there were occlusions of small vessels where BPA could cause significant bleeding
complications.

14 patients have completed the full course of treatment and 12 of these have had long-term
follow-up since their last BPA procedure. For these 12 patients, the mean duration of treatment from
the first to the last procedure was 355.5 days (119-624). The mean interval between treatments was 67
days (9.5 weeks) (28-364). The mean follow-up from the last treatment was 258.4 days (129-364 days)
or 8.6 months. The total follow-up time from the first treatment to the last treatment was 613.9 days
(324-867) or 1.7 years. The mean number of sessions for patients who completed treatment was 5.78
(range, 3-9). The longer-than-planned treatment duration may have been caused by the temporary
suspension of treatments due to the COVID-19 pandemic.

In 5 patients, BPA treatment is still ongoing, with two or three sessions completed so far.

In 12 patients with a mean follow-up of 8.6 months, both 6t MWD and BNP improved. The 6 MWD
increased from a mean of 292.9 to 394.5 metres (p=0.015) after the last BPA and to 379.6 metres at
follow-up (p=0.043, compared to baseline); and BNP levels decreased from a mean of 590 to 111 pg/ml
(p<0.001) after the last BPA and to 121 pg/ml at follow-up (p<0.001). In terms of haemodynamic
parameters, there was a statistically significant improvement in sPAP, mPAP and PVR. Mean PAP
decreased from a mean of 56x10 to 39+10 mmHg (p<0.001) after the last BPA and 37.8 9.6 at follow-
up (p<0.001). PVR decreased from a mean of 9.7+4 to 5.5£2.6 Wood Units (p<0.001) after the last BPA
and 5.7 2.9 at follow-up (p=0.001) (Figure 1). Systolic pulmonary artery pressure decreased by 41.5%,
mean pulmonary artery pressure by 38.8% and pulmonary vascular resistance by 51.6% at follow-up
(Figure 2). There was also a significant 79.5% reduction in brain natriuretic peptide levels and a 25.7%
increase in 6-minute walk distance (Figure 3). Full list of patients with demographic, clinical and
hemodynamic parameters are presented in Table Al, (Appendix A). The efficacy of BPA on
haemodynamic parameters, functional capacity and BNP levels is shown in Table 2.

Table 2. Changes in haemodynamic and clinical data before and after treatment with BPA.

N=12 Before BPA  After last BPA P Follow-up P#
6 MWD, m 2929 +151 394.5+£130 0.015 379.6£138 0.043
BNP, pg/ml 590 + 445 111.1+128 <0.001 121.2+195.2 <0.001
sPAP, mmHg 92.5+18 62.7+15.6 <0.001 60.7£15.7 <0.001
mPAP, mmHg 56110 39+10 <0.001 37.819.6 <0.001
CO (L/min) 4.7+1.2 5.3+1.3 0.749 5.0£1.55 1
PVR, Wood units 9.7+4 554+2.6 <0.001 5.742.9 0.001

Abbreviations: BNP - brain natriuretic peptide; SPAP - systolic pulmonary arterial pressure; mPAP - mean
pulmonary arterial pressure; CO — cardiac output; PVR - pulmonary vascular resistance; 6 MWT - 6-minute
walk distance; " - baseline vs last BPA; - baseline vs follow-up.


https://doi.org/10.20944/preprints202402.0488.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 February 2024 doi:10.20944/preprints202402.0488.v1

Change in sPAP, mmHg Change in mPAP, mmHg Change in PWR, Wood

Plot Area 0
mPAP (mmHg) before mPAS (mmHg) after  mPAS (mmHg) at PWR (Wood) before  PWR (Wood) after last ~ PWR (Wood) at

SPAP (mmHg) before SPAP (mmHg) after  SPAP (mmHg) at
BPA follow-up BPA last BPA follow-up BPA BPA follow-up

1 2 3 1 2 3 1 2 3
7 3 7 atients 4 7

Figure 1. Change in sSPAP,mPAP and PVR: before BPA, after last BPA and at follow-up.
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Figure 2. Percentage change: decrease in BNP and increase in 6 MWD from pre-BPA baseline to last
BPA procedure and from pre-BPA baseline to follow-up.
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Figure 3. Percentage reduction in sSPAP, mPAP and PVR from pre-BPA baseline to last BPA procedure
and from pre-BPA baseline to follow-up.

BPA Safety assessment. A total of 17 procedure-related complications occurred in 100
procedures (17% of all procedures). There were no serious or fatal complications. The most common
complication was vessel dissection (10%), another was pulmonary vascular injury and contrast
extravasation and leakage into the bronchi, followed by haemoptysis, which occurred in 3 procedures
(3%). All of these events were mild and successfully managed with a balloon. One case of
hyperperfusion pulmonary oedema was observed and cardiopulmonary resuscitation was successful
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and the procedure was stopped early. Complication rates decreased as the number of procedures
performed increased. Complications and main procedural characteristics are listed in Table 3.

Table 3. Procedural characteristics and procedure-related complications.

Procedures, n 100

Number of procedures range, mean per patient 1-9,4.2
Mean duration of procedure, hours 1:43+0:23
Mean radiation exposure, mGy 496+180
Complications, n (%) 17 (17 %)

e Contrast extravasation and leakage into 3(3%)

bronchi, n (%) °

e Haemoptysis, n (%) 3 (3 %)
e Vessel dissection, n (%) 10 (10%)

e Hyperperfusion pulmonary oedema, n (%) 1 (1 %)

Table 2. Changes in haemodynamic and clinical data before and after treatment with BPA.

N=12 Before BPA A fterlastBPA T Follow-up P
6MWD, m 2929 £151 3945130 0.015 379.6+138 0.043
BNP, pg/ml 590+445 11114108 <0.001 121241952  <0.001

SPAP, mmHg 92.5+18 62.7415.6 <0.001 60.7+15.7 <0.001

mPAP, mmHg 56210 39410 <0.001 37.849.6 <0.001
CO (L/min) 47412 53413 0.749 5.0+1.55 1

PVR, Wood units 9.7+4 55426 <0.001 5.742.9 0.001

Abbreviations: BNP - brain natriuretic peptide; sSPAP - systolic pulmonary arterial pressure; mPAP - mean
pulmonary arterial pressure; CO — cardiac output; PVR - pulmonary vascular resistance; 6 MWT - 6-minute
walk distance; " - baseline vs last BPA; - baseline vs follow-up.

4. Discussion

In the present study, we report a series of patients with inoperable CTEPH treated with BPA
from November 2019. The initial results from a single tertiary centre in a small country (with a
population of less than 3 million) confirm that BPA is an effective treatment for patients with
inoperable CTEPH. The study shows that BPA treatment statistically significantly reduced BNP
levels, improved exercise capacity and haemodynamic parameters in patients with inoperable
CTEPH. Procedure-related complications were observed in 17% of all sessions, the most common
being vascular dissection (10% of all sessions). There were no serious or fatal complications.

Although not all patients achieved the optimal outcome (i.e. reduction of pulmonary artery
pressure to normal), subjective clinical improvement was observed in the majority of patients treated,
and one woman in her 40s was able to reduce her pulmonary artery pressure to near normal. Changes
in their haemodynamic parameters, BNP and 6MWD are shown in Table A2, Appendix A.

Compared with other available studies (Table A3, Appendix A), the average improvement in
pulmonary haemodynamics in our study was less pronounced than in the Japanese registry study,
with a 52% and 58% decrease in PVR after final BPA, respectively [17]. However, the improvement
in PVR was more pronounced in our study than in the study by Olsson et al (51% and 26%,
respectively) [18]. The improvement in exercise capacity was more significant in our study than in
the study by Brenot et al (26%, mean change +100 metres and 12%, mean change +51 metres,
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respectively) [19]. However, the mean baseline 6 MWD was lower in our study. The reduction in BNP
levels was comparable to the Japanese results (80% and 82% reduction, respectively) [17].

Despite its efficacy, BPA is an interventional procedure and is associated with serious
complications. Peri-procedural complications include vascular injury due to wire perforation and
lung injury [19-22]. Comparing the mean baseline 6MWD (292.9+151 and 318.1+122.1), BNP levels
(590 + 445 and 239.5+334.2) and mPAP (56+10 and 43.2+11.0) between our study population and the
Japanese study population, it is clear that our study population had more severe disease prior to
treatment initiation [17]. Brenot et al. showed that higher baseline mPAP was associated with lung
injury (OR 1.08, 95% CI 1.039-1.130; p<0.001), as well as higher baseline PVR and poorer exercise
capacity [19]. Lung injury is characterised by lung opacities on chest radiograph or CT scan, with or
without hypoxaemia, and may or may not be associated with haemoptysis [21]. Lang et al. also state
that patients with severely compromised haemodynamics (mPAP >40 mmHg and/or PVR >7 Wood
Units) have an established risk of hyperperfusion pulmonary oedema (9). Nevertheless, the rate of
complications related to lung injury was comparatively low, occurring in 1% of all sessions,
compared with 17.8% complications in the Japanese registry and 9.1% in the French registry [17,19].
These differences may be due to the lower number of procedures in our study and the avoidance of
complex lesion types such as tortuous lesions and chronic total occlusions. The rate of vessel injury
in our study (3% of all procedures) can be compared with the results of a recent systematic review
and meta-analysis of 40 studies by Kennedy et al, which showed a 5% rate of vessel injury [23].

Balloon pulmonary angioplasty versus medical therapy. Patients with inoperable or recurrent
CTEPH can be treated with riociguat or PAH-specific drugs. The ESC/ERS recommends the use of
riociguat in symptomatic patients with inoperable CTEPH or persistent/recurrent PH after PEA (class
I B recommendation) (3). Other medical therapies may also be considered, but there is less evidence
on their safety and efficacy in patients with CTEPH. The results of a systematic review and meta-
analysis of 23 observational studies including 1454 patients by Wang et al. comparing BPA and
riociguat in patients with inoperable CTEPH showed a greater improvement in pulmonary
haemodynamics, New York Heart Association (NYHA) functional class and 6MWD in patients
treated with BPA compared to riociguat. Pulmonary vascular resistance was reduced with BPA by a
mean difference of -1.3 Wood units (95% CI -1.57 to -1.08, P=.000) versus -0.7 Wood units (95% CI -
0.79 to -0.50, P=.000) in the riociguat group. However, the increase in cardiac output (CO) was greater
in the riociguat group and there was no significant difference in cardiac index (CI) between groups
(29). RACE, a French multicentre randomised controlled trial, has recently published data from
CTEPH patients randomised to BPA or riociguat. At week 26, mean pulmonary artery resistance
decreased to 39.9% (95% CI 36.2-44.0) of baseline in the BPA group and 66.7% (95% CI 60.5-73.5) of
baseline in the riociguat group (30). However, the rate of complications was higher with BPA. In the
ancillary follow-up study, eligible patients on first-line BPA received add-on riociguat and patients
on first-line riociguat received add-on BPA. At week 52, a similar reduction in pulmonary vascular
resistance was observed in patients treated with first-line riociguat or first-line BPA (ratio of
geometric means 0.91, 95% CI10.79-1.04) (30). A Japanese multicentre randomised controlled trial (MR
BPA) compared BPA with riociguat. At 12 months, mean pulmonary arterial pressure had improved
by -16.3 (SE 1.6) mmHg in the BPA group and -7.0 (1.5) mmHg in the riociguat group (group
difference -9.3 mmHg, 95% CI -12.7 to -5.9, p<0.0001) (31). However, more complications were also
observed in the BPA group.

In fact, medical therapy may add value to BPA therapy while treating different pathogenetic
mechanisms of the disease. PAH-specific drugs target distal and inaccessible pulmonary
vasculopathy and remodelling, and BPA restores distal pulmonary flow at subsegmental levels (26).
Wiedenroth et al investigated the effects of sequential treatment with riociguat and BPA. The results
showed that riociguat improved haemodynamics and BPA led to further improvements (32). The
majority of patients in the study were also receiving medical therapy, which may have confounded
the results.

Balloon pulmonary angioplasty versus pulmonary endarterectomy. Although some patients
are only eligible for PEA and others for BPA, both techniques can treat subsegmental and segmental
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disease (1). However, evidence comparing the two techniques is limited. Zhang et al. compared the
safety and efficacy of BPA and PEA in a systematic review and meta-analysis of 54 studies and found
that BPA may have a higher perioperative and 3-year survival rate, fewer types of complications and
a greater improvement in exercise capacity compared to PEA. However, the improvement in
haemodynamic parameters was more pronounced in the PEA group compared with the BPA group
(at <1 month, 1-6 months and >12 months follow-up) (33). There are no RCTs comparing the two
techniques, but Ravnestad et al. compared the two techniques in a single-centre observational cohort
study of 82 patients. Both PEA and BPA significantly reduced mPAP and pulmonary vascular
resistance, with significantly lower reductions for both parameters in the former group. However,
there was no significant difference in exercise capacity between the groups (34). The results of another
retrospective cohort study showed that the efficacy and safety of BPA in non-operable cases was
similar to that of PEA in operable cases (35). However, a true comparison can only be made with
large, multi-centre, controlled clinical trials. Long-term survival outcomes after PEA (averaging 90%
at 3 years) are excellent (36), whereas long-term outcomes after BPA are lacking. However, results
from a retrospective single-centre study from Japan show that long-term favourable outcomes after
BPA can be expected, as haemodynamic data on mPAP and PVR were maintained long term (>3.5
years) (28). Post-operative PH is observed in approximately one quarter of patients undergoing PEA
(10). While there is limited published experience with BPA in the post-PEA setting, data from a
systematic review and meta-analysis of 4 studies suggest that improvements in clinical and
haemodynamic parameters are possible with BPA in appropriately selected patients (23). This finding
is consistent with recent guidelines and the stated recommendation of BPA treatment for residual PH
after PEA (3). Therefore, future management of CTEPH may consist of both strategies and specific
medical therapy, combined or sequential, adapted to the characteristics of the individual patient.

Study limitations

There were several limitations to this study. First, this was a single-centre study with a small
sample size and a relatively short follow-up period. Therefore, long-term results on the efficacy of
BPA are lacking. Secondly, almost all study participants received PH-specific medication and there
was no control group. Therefore, the effect of medication on post-procedure outcomes cannot be
excluded. Thirdly, complete follow-up records were not available in all cases. Therefore, the analyses
may have been confounded by missing variables. Finally, neither investigators nor patients were
blinded to treatment.

5. Conclusions

This pilot study represents the first experience of treating unresectable CTPH using the BPA
procedure in a single tertiary centre with a limited patient cohort. The BPA procedure was safe and
effective in the setting of a low-volume centre. Further prospective multicentre studies are needed to
establish the efficacy of BPA in addition to specific medical treatment and to assess the long-term
efficacy of the procedure.
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Appendix A

Table A1. Full list of patients with demographic, clinical and hemodynamic parameters.

6MWD 6 SPAP mPAP o PWR
6MWD  (m) MWTD BNP sPAP  sPAP mmilg mPAP mPAP mmig CO  CO (L/min) PVR PWR (Wood) Mean X-
Dateof Dateof Dateof (m) after (m)at BNP after BNPat mmilg mmilg at mmilg mmig at (L/min) (LUmin) at (Wood) Wood) at  Ray  Mean
No/G Adge  Specific  Times the thirst the last Follow- before last follow before last follow- before after follow before after follow before after follow before after follow exposure procedure
ender (y) treatment of BPA BPA BPA up BPA BPA up BPA BPA uwp BPA BPA uwp BPA BPA up BPA BPA up BPA BPA up (mGy) time(min)

2019.11. 2021.02.2021.10.

I/M 67 rigciguat, 6 28 22 4 510 565 600 49 21 36 64 56 56 37 34 34 623 54 54 38 37 37 679 19
riociguat, 2020.09. 2021.06.2022.01.

2/M 59 bosentan, 6 24 10 20 120 180 120 975 418 387 104 83 83 67 55 55 38 4 4 14 10 10 809 18
2021.05.2022.06.2023.01.

3/F 54 rigdiguat, 7 06 23 31 325 300 300 275 759 70 106 70 69 63 45 45 557 733 7 915 46 47 565 84
2021.06. 2022.08.2023.11.

4M 75  sildenafil 9 17 04 27 320 360 360 797 85 36 86 78 64 49 47 41 438 51 47 8 64 59 521 103
riociguat, 2020.11. 2022.09.2023.03.

5M 65 bosentan 5 05 29 02 475 505 435 909 317 650 104 82 82 62 47 47 45 316 31 108 11 1 269 %0
2021.02. 2022.07.2023.05.

6[F 66 riociguat 8 02 07 22 300 39 376 369 160 361 110 73 75 64 44 42 427 45 357 1147 6 8.9 545 107

2020.06. 2022.03.2023.03.
7/F 40 riociguat 8 18 03 22 315 510 510 1035 121 105 85 37 37 52 24 24 306 7.1 7 12 3 2 216 105

2022.09.2023.05.2024.01.
8M 52 riociguat 7 08 08 09 450 540 570 213 40 40 Ll 64 53 50 38 31 6,19 39 513 533 428 37 535 107.5

2022.02.2022.12.2023.09.
9M 60 riociguat 6 03 20 18 10 520 420 1186 463 511 123 61 77 67 38 44 315 54 40 17 55 75 318 100

2022.04. 2022.10.2023.05.
10/F 80 riociguat 4 14 27 05 240 240 240 161 21 266 64 60 60 39 39 39 417 28 3 5 8 8 323 102

2021.09. 2022.03.2023.02.
1/M 70 riiociguat 4 10 24 23 330 340 340 22 405 144 76 37 38 49 21 25 63 7 7.08 6 228 228 659 105

2021.12. 2022.04.2023.04.
12/F 72 riociguat 3 09 07 17 120 285 285 1091 97 97 92 68 55 62 45 37 469 365 276 1 10 9 515 101

Table A2. The variations of one patient hemodynamic parameters, BNP and 6 MWD during
treatment period and at follow up.

Visit 1 BPA VIII BPA Follow-up (11 month after last BPA)
Date 2020.06.18  2022.04.21 2023.03.23
BNP, pg/ml 1035.8 12.1 10.5
PAP (s/d/m), mmHg 85/30/52 37/14/24 37/14/24
PWP, mmHg 8 8 10
CO (L/min) 3.06 4.18 7.11
PVR, Wood units 12 3.1 2
6MWD, meters 315 510 510

For a 40-year-old woman receiving PH-specific treatment with riociguat, the BPA
procedures started on 8 June 2020. During the entire treatment period, 8 sessions of BPA
treatments were performed, with a treatment duration of 22 months. Follow-up was
performed 11 months after the last BPA (i.e. 23 March 2023).

Abbreviations: BNP - brain natriuretic peptide; PAP (s/d/m) - pulmonary arterial pressure

(systolic/diastolic/mean); PWP - pulmonary wedge pressure; CO — cardiac output; PVR - pulmonary vascular
resistance; 6 MWT - 6-minute walk distance.

Table A3. Summary of studies which analysed patients with inoperable CTEPH undergoing BPA.

Our Ogawaet Brenotet Darocha Olsson van Thor ~ Hooleet Ataset
study al. [17] al. [19] et al. [24] etal. et al. [25] al [26] al. [27]
(Japanese) (French) (Polish) [18] Netherlan  (UK) (Turkey)

(German ds

)

Centre/ Single 7 centers Single 8 centres 2 centres 2 centres Single Single
Centres, centre in Japan centre in Poland in in centre centre
n N=12 N=308 N=184 N=156 German  Netherlan N=30 N=26

y ds N=38
N=56
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Cohort Inoperab Inoperabl  Inoperab Inoperabl Inoperab Inoperabl Inoperab Inoperab

le eCTEPH le eCTEPH e eCTEPH le le
CTEPH  76% CTEPH  54.3% CTEPH  69% CTEPH  CTEPH
PostPEA  81% Post PEA  87% Refusal of 57.6%
4.5% Post 12.7% Post PEA 13% Post
Refusal of PEA 8%  Refusalof PEA Unfavora PEA
PEA Refusal PEA11%  13% ble 42 4%
13.6% of PEA Unfavora  Refusal risk/benef
Unfavora 11% ble of PEA it ratio
ble risk/benef  11% 18%
risk/benef it ratio
it ratio 22%
5.8%
Mean 42(19) 4(1-24) 52424 4.5 (2-7) 5 (3-8) 4.5+1.3 3 (1-6) No data
number and
of 57+2.1
sessions
per
patient
Mean 355.5 366.6£394. 6.1 (45- 7.7 (3.4- 7.8 No data 2 (1-5) No data
time (119-624) 1 days 7.5) 13.9) month month
from the  days months  month
first to from
final first
procedur BPA to
e re-
evaluati
on
Follow- 2584 425+280.9  3-6 59(3.0- 6month 6month  3month 3 month
up time (129 — days month 8.0) mont
interval 364) h
since last days
procedur
e
Patents 88% 72.1% 62% 69.4% 93% 82% 93.3% 80%
with PH
therapy,
percenta
ge

6MWD 278 +149  318.1+122. 383137  341+129 358+108 374+124 366107  315+129
before 1
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BPA,

meters

6MWD 378 £127  401.3+104. 4344119  423+136 391+108  422+125 440494 411+140
Follow- 8

up,

meters

BNP 624 +450  239.5#334. Nodata NT pro- Nodata  NT pro- NT pro-  NT pro-
before, 2 BNP BNP BNP 442 BNP
BPA 2275 (385- 195 (96- (168- 456
pg/ml 2675) 18120 1607) 189
BNP 120 £122  43.3+76.4 628 (85- 154 (71- 202 (105-

follow- 533) 387) 447)

up,

pg/ml

mPAP 55 +10 43.2+11.0  44.3+9.8 4514107  40+12 39.5+11.6 44.7+11.0 47.5+134
before

BPA,

mmHg

mPAP 40 +9 24.3+6.4 33.849.8  30.1£10.2  33+11 30.6+8.2 34.4+8.3  38+10.9
Follow-

up,

mmHg

PVR 784 £312  853.7+450. 607+218  642+341 5914286  488+376 663281 7441376
before 7

BPA,

dyn/s/cm

-5

PVR 5204232  359.5+222. 371+188  324+183 4404279  264+160 4361196 4641224
follow- 6

up,

dyn/s/cm

-5
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