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A b s t r a c t

Introduction: Chronic thromboembolic pulmonary hypertension (CTEPH), characterized by thromboembolic changes affecting 
the pulmonary bed, leads to ventricular function deterioration and premature death. The introduction of balloon pulmonary angio-
plasty (BPA) has significantly improved the prognosis of CTEPH patients.

Aim: The authors of this article decided to summarize the experience of the BPA program, conducted between 2014 and 2022, 
at the reference center.

Material and methods: Among 111 CTEPH patients, 55 were included in the analysis. A total of 226 sessions were performed, 
with a significant percentage of intravascular imaging and pressure catheter use.

Results: Mean pulmonary pressure decreased significantly from 42 (22–66) to 26.5 mm Hg (11–54) (p < 0.05). Pulmonary vascu-
lar resistance and natriuretic peptide concentration decreased from 6.67 (1.66–14) to 3.295 Wood units (1.09–11.11), respectively, 
and from 1934 (60–16963) to 296 (21–9901) ng/ml (p < 0.05). There was also an improvement in the functional class (WHO) from 
2.85 ±0.61 to 2.15 ±0.62 and an increase in the 6-minute walking distance from 300 ±131 to 367 ±154 m (p < 0.05). There were no 
in-hospital deaths or within 30 days of the procedure. Arterial damage occurred during nine sessions (n = 9/226, 4%), while 0.9% 
(n = 2/226) were complicated by acute right ventricular failure. Post-reperfusion pulmonary edema (RPE 0 – none) was observed in 
almost 90% of the sessions, grade 1 to 3 RPE occurred in 10.2%, and grade 4 RPE was not noted.

Conclusions: BPA programs conducted in experienced centers are a safe and effective treatment option for inoperable CTEPH 
patients.
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S u m m a r y

The introduction of balloon pulmonary angioplasty (BPA) has significantly improved the prognosis of inoperable chronic 
thromboembolic pulmonary hypertension (CTEPH) patients. 55 CTEPH patients were included in BPA program in or center. 
Mean pulmonary pressure reduced significantly from 42 (22–66) to 26.5 mm Hg (11–54) (p < 0.05). Similarly, pulmonary 
vascular resistance and natriuretic peptide concentration decreased from 6.67 (1.66–14) to 3.295 Wood units (1.09–11.11), 
respectively, and from 1934 (60–16963) to 296 (21–9901) ng/ml (p < 0.05). There was also an improvement in the World 
Health Organization functional class from 2.85 ±0.61 to 2.15 ±0.62 and an increase in the 6-minute walking distance from 
300 ±131 to 367 ±154 m (p < 0.05). There were no in-hospital deaths or deaths within 30 days of the procedure and very 
small rate of periprocedural complications. BPA programs conducted in experienced centers are a safe and effective treat-
ment option for CTEPH patients who are inoperable or at high risk of surgery-related complications.
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Introduction
Chronic thromboembolic pulmonary hypertension 

(CTEPH) is characterized by chronic thromboembolic 
changes that involve the pulmonary arterial bed to vary-
ing degrees, leading to deterioration of proper ventric-
ular function and premature death. Balloon pulmonary 
angioplasty (BPA) in patients with CTEPH is a dynamically 
developing form of therapy in the absence of indications 
for pulmonary endarterectomy (PEA). The essence of 
this procedure is the percutaneous insertion of a balloon 
catheter into the pulmonary artery and inflation of the 
fibrotic remnant of the thrombus, which improves per-
fusion, reduces vascular resistance and pressure in the 
vessel, and improves the prognosis. After the first reports 
from 1988 and initial unsatisfactory results, the method 
has been improved in recent decades and has consolidat-
ed its position in treating CTEPH patients [1–11].

Aim 

The authors of this article decided to summarize their 
experience from the BPA program conducted since 2014 
at a reference center.

Material and methods
Among 111 consecutive patients diagnosed with 

CTEPH under the care of our center, those who quali-
fied for the BPA program from 2014 to 2022 were an-
alyzed. The diagnosis of CTEPH was made according to 
the recommendations of the European Society of Cardi-
ology (ESC) [9]. Based on clinical assessment, medical 
interviews, and imaging tests (computed tomography 
pulmonary angiography and ventilation-perfusion scin-
tigraphy of the lungs), patients were referred for right 
heart catheterization (RHC) with simultaneous angiog-
raphy of the pulmonary arteries. After confirming pul-
monary hypertension and the presence of thromboem-
bolic changes in the pulmonary arterial bed, patients 
were evaluated at an experienced cardiac surgery cen-
ter. If they were not found eligible for PEA, they were 
included in the BPA program [7–9]. The treatments were 
performed using the protocol developed at the center. 
Our algorithm incorporated anatomical (angiography 
and intravascular ultrasound) and functional assess-
ment of targeted lesions. This evaluation and baseline 
mean pulmonary arterial pressure (mPAP) allowed care-
ful balloon catheter selection, with adequate reduction 
of the balloon diameter [7]. 

The safety and effectiveness of the treatments were 
substantially assessed, with the presence of comorbidi-
ties, World Health Organization functional class (WHO-
FC), distance covered in the 6-minute walk test (6MWT), 
hemodynamic parameters, and natriuretic peptide con-
centration analyzed. The number of BPA sessions per-
formed, the use of additional imaging methods and 
pressure catheters, the volume of contrast medium, 

and the dose of ionizing radiation were considered. The 
assessment of complications included periprocedural 
deaths, in-hospital deaths, and complications related 
to the BPA procedure itself. According to the ESC clinical 
consensus, procedural complications were divided into 
BPA-related (such as vascular injury or/and lung injury) 
and non-BPA-specific complications [8]. 

The goal of the therapy was to reduce the mPAP to 
normal values or below 30 mm Hg in cases with anatom-
ically challenging lesions and clinical pictures. December 
31, 2022, was assumed as the final reference point for 
the analyzed group. The local bioethics committee ap-
proved the implementation of the BPA program in the 
center (KB 163/2014), and all patients were informed 
about the risks and benefits of BPA and signed informed 
consent forms. Some patients were also treated with 
dedicated (targeted) pulmonary hypertension pharma-
cotherapy, according to the inclusion and reimbursement 
criteria of the National Health Fund. 

Statistical analysis
Categorical variables are described as median with 

minimal and maximal value. For comparisons, variables 
with a normal distribution are given as means with stan-
dard deviation and analyzed using Student’s t-test. The 
Mann-Whitney U  test analyzed qualitative or non-nor-
mally distributed variables. Statistical analysis employed 
the Statistica program (TIBCO Software Inc., CA, USA), 
with statistical significance defined as p < 0.05.

Results
The BPA program included 55 patients, with the clin-

ical characteristics of the study group shown in Table I. 
A  total of 588 angioplasties were performed over 226 
sessions, with a significant percentage using intravascu-
lar ultrasound (IVUS) (94%, n = 213), optical coherence 

Table I. Clinical characteristics of analyzed group

Parameter n (%) or mean ± SD

Number of patients 55 (100)

Age [years] 67.5 ±13.2

Female 27 (49)

Post APE 50 (90.9)

DVT 26 (47.3)

CAD 13 (23.6)

HT 40 (72.7)

CKD 19 (34.5)

DM 17 (30.9)

Thrombophilia 5 (9.09)

Post PEA 6 (10.9)

Riociguat 24 (43.6)

APE – acute pulmonary embolism, DVT – deep vein thrombosis, CAD – coronary 
artery disease, HT – hypertension, CKD – chronic kidney disease, DM – diabetes 
mellitus, PEA – pulmonary endarterectomy.
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tomography (OCT) (8%, n = 19), and a pressure catheter 
(69%, n = 158). The predominant vascular access was via 
the right internal jugular vein (Table II). 

There were no periprocedural deaths, in-hospital 
deaths, or deaths within 30 days of the procedure. Vas-
cular injury (VI) occurred in nine (4%) sessions during 
the procedure. The percentage of sessions complicated 
by acute right ventricular failure requiring extracorporeal 
membrane oxygenation (ECMO) or the need for renal re-
placement therapy was < 1%. In just over 10% of the ses-
sions, significant pulmonary complications (pulmonary 
injury [PI]) in the form of post-reperfusion pulmonary 
edema (RPE) were recorded. PI manifesting as significant 
hemoptysis, not requiring invasive ventilation, occurred 
in 2.65% of the sessions (Table III).

During the analyzed period (2014–2022), 32 patients 
from the program remained alive with completed treat-
ment, and 19 patients died. Only 5 patients died due to 
right ventricle failure (Table IV). Data regarding median 
follow-up time and BPA procedures per year are pre-
sented in Table V. Compared to the initial assessment, 
the WHO-FC improved, and the distance covered in the 
6MWT increased. A  reduction in mPAP and pulmonary 
vascular resistance (PVR) was noted among the hemody-
namic parameters, with an increase in the cardiac index 

Table II. Procedural summary 

Variable N (%), median (range)

Sessions/dilated segmental arteries 226/588

Sessions per patient 3 (1–12)

Dilated segmental arteries per session 2.5 (1–7)

Contrast volume per session [ml] 230 (100–500)

Balloon size during procedure [mm] 2–8

Kerma [mGy] 542.5 (63–3483)

Access site jugular/femoral 181 (80.1)/45 (19.9)

IVUS/OCT during session 213 (94)/19 (8)

Pressure catheter/pulmonary pressure 
ratio assessment during session

158 (69)

IVUS – intravascular ultrasound, OCT – optical coherence tomography, Kerma – 
kinetic energy per unit mass, mGy – milligray.

Table III. Complications

Variable N (%)

Periprocedural/in-hospital death 0

Death in 30 days 0

BPA-related complications:

Vascular injury 9 (4)

BPA non-specific complications:

ECMO/acute right ventricle failure 1/1 (0.9)

Hemodialysis 2 (0.9)

RPE:

Grade 0 – none 203 (89.8)

Grade 1 present 7 (7.5)

Grade 2 NIV/NHFC 4 (1.8)

Grade 3 ventilation/ECMO 2 (0.9)

Grade 4 death 0

Prolonged hemoptysis 6 (2.65)

BPA – balloon pulmonary angioplasty, ECMO – extracorporeal membrane oxy-
genator, RPE – reperfusion pulmonary edema, NIV – noninvasive ventilation, 
NHFC – nasal high-flow cannula.

(CI). Moreover, a decrease in pro-B-type natriuretic pep-
tide (pro-BNP) concentration was found (Table VI).

Discussion
The experiences and data presented are consistent 

with previously published reports [7, 11–17]. In our opin-
ion, the lack of periprocedural and 30-day deaths is re-
lated to the systemic approach and implementation of 
the BPA program protocol adopted in a given center. The 
jugular vein access site provides instant mobility after 
the procedure and allows more effective handling of ac-
cess site complications. Low complication rates may also 
be due to the widespread use of IVUS and the pressure 
catheter. IVUS allows careful selection and appropriate 
balloon size reduction, especially in patients with high 
mPAP values. Additional pressure gradient assessment 

Table IV. Balloon pulmonary angioplasty program 
status: long-term follow-up period (2014–2022)

Parameter N (%)

Alive 36 (65.5)

Death in follow-up period 19 (34)

Causes of death:

COVID-19 5

Influenza 1

Stroke 1

Right ventricle failure 5

Cancer/leukemia 3

Accident/trauma 2

Sepsis/shock/multi-organ failure 2

Table V. Additional data regarding follow-up, pro-
cedures per year

Parameter N or median (range)

Follow-up [months] 65 (8–126)

Patients in BPA program with  
mPAP ≤ 20 mm Hg after treatment

12

Patients in BPA program with  
mPAP ≤ 30 mm Hg after treatment

26

BPA procedures per year: 

 2014 6

 2015 32

 2016 39

 2017 59

 2018 36

 2019 16

 2020–2021 (COVID-19) 8 (5 + 3)

 2022 30
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decreases aggressive (angiography based) dilatations 
and eventually results in no RPE or low rates. The poten-
tial cost of using additional tools seems to be lower than 
the costs of treating complications. These methods pro-
vide excellent support to BPA operators, with comparable 
X-ray exposure and contrast agent consumption to those 
reported in other BPA registries [7, 11–17].

The optimal goal of therapy should be the normaliza-
tion of mPAP, preferably confirmed by normal perfusion in 
lung scintigraphy. Considering comorbidities and techni-
cal and anatomical possibilities, the clinical picture mod-
ifies this goal. According to published data, the European 
population of CTEPH patients is older than the Japanese 
registries [16, 17]. Thus, in many cases, the effectiveness 
of BPA is defined by clinical improvement (WHO-FC and 
6MWT). According to the authors, the satisfactory reduc-
tion of mPAP demonstrated in the study group is also due 
to the routine use of IVUS and a pressure catheter, which 
allow for more precise selection and adequate escalation 
of the size of balloon catheters during each BPA session. 

The number of periprocedural complications in the 
study group does not differ from those found in Euro-
pean and American reports [10, 13, 14, 18–22], with the 
procedure methodology and many years of experience 
documented in Japanese publications significantly con-
tributing to reducing the number of deaths [5, 16, 17, 23]. 
The available publications present various approaches to 
using additional endovascular techniques for BPA, but 
in the studied single-center group, this translated into 
treatment effectiveness and safety [11–17]. 

The main study limitation was its single-center nature 
and the small group of patients. Additionally, chest CT 
was not routinely performed after each BPA session and 
only in reported cases of significant, prolonged hemopty-
sis and/or decreased percutaneous oxygen saturation. In 
the light of published randomized studies comparing BPA 
to riociguat therapy that show the advantage of BPA in 
improving hemodynamic parameters in experienced cen-
ters, and due to the size of the group, the riociguat-treat-
ed subgroup was not analyzed in detail [24, 25]. The 
riociguat drug program has been available in our center 
since 2016, which resulted in a correspondingly smaller 
number of patients (n = 24). In our group the median 

mPAP in patients without riociguat was lower (21 mm Hg;  
11–47) than on the medication (32 mm Hg; 17–54). De-
spite this statistically significant difference, riociguat is 
a useful option in patients with anatomical and technical 
challenges during BPA. 

Conclusions
The BPA program conducted in experienced referral 

centers is a safe and effective therapeutic option for in-
operable CTEPH patients. Using intravascular imaging 
methods and a pressure catheter during BPA procedures 
is a  precious support for operators. The study group 
achieved statistically significant clinical and hemody-
namic improvement, with a favorable periprocedural risk 
profile. 
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