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Introduction

Chronic thromboembolic pulmonary hyperten-
sion (CTEPH) is a rare and progressive disease
caused by obstruction of the pulmonary arteries
(PAs) by organized thrombi with accompanying
precapillary arteriopathy.!* Prognosis in this dis-
ease has significantly improved> with the advent
of pulmonary endarterectomy (PEA), which has
provided hemodynamic normalization and
improved clinical outcomes,?% especially in
patients with central localization of pulmonary
obstruction.

The group of CTEPH patients was well charac-
terized in a large prospective international regis-
try which enrolled patients between February
2007 and January 2009.7 As the phenotype of
CTEPH patients may be population depend-
ent,8 several national reports as summarized in
Table 17:92% were of added value. Most of them,
however, recruited patients before the marketing
authorization of riociguat by the European
Medicines Agency through the European Union
(27/03/2014), and before the first experience
with balloon pulmonary angioplasty (BPA) out-
side of Japan.3° Significant achievements in the
treatment of CTEPH in the last decade have
provided effective therapeutic options for most
CTEPH patients, even those with distal localiza-
tion of the thrombi. This was mainly due to
refinement of the technique of BPA by Japanese
physicians.3!:32 However, the true impact of the
changed landscape of CTEPH therapies on
patients’ management and outcomes is poorly
known and thus far the results of only one pro-
spective CTEPH registry enrolling patients in
the BPA era have been published.? Therefore, in
the present study based on the multicenter
national registry (Polish Registry of Pulmonary
Hypertension; BNP-PL) we assessed the preva-
lence, incidence, clinical characteristics and out-
comes of patients with CTEPH recruited in the
modern era of CTEPH therapies.

Methods

Registry design and CTEPH diagnosis

The design of the BNP-PL registry (https://clini-
caltrials.gov/ct2/show/NCT03959748), enroll-
ment criteria, and data collection were recently
described in detail.?*3> The CTEPH adult arm
of the registry enrolls adults with CTEPH from
all 16 CTEPH reference centers in Poland

accredited by the National Health Fund (NHF)
for medical treatment of CTEPH. This ensures
that all diagnosed patients in Poland are included
in the registry. Among the enrolled centers, eight
are actively involved in the BPA programme.
Patients qualifying for PEA are referred to one of
two cardiac surgery centers experienced in PEA.
The protocol of the study was reviewed and
accepted by the Bioethical Committee of
Physicians and Dentists Chamber in Krakow
(L.dz.OIL/KBL/27/2018). All patients signed an
informed consent before enrollment in the study.

For the purposes of the present study, we ana-
lyzed the data of newly and previously diagnosed
CTEPH adult (>18years old) patients who were
managed in the participating centers between 1
March 2018 and 31 August 2019. The diagnostic
algorithm of CTEPH was based on current
European Society of Cardiology (ESC) and
European Respiratory Society (ERS) recommen-
dations.? Newly diagnosed patients were those
whose diagnoses had been established since 1
March 2018 (termed ‘incident cases’). At the
time of enrollment they had not been treated for
CTEPH. Patients who were diagnosed earlier
have been classified as ‘prevalent cases’. All
patients were categorized as operable or non-
operable by one of two CTEPH teams.3¢ The
diagnosis of CTEPH was at the discretion of co-
investigators who managed the enrolled patients
in their centers. However, the diagnosis had to
fulfill the criteria recommended by the ESC and
ERS. The validity and credibility of the diagnos-
tic algorithms were ensured by the experience of
the investigators, CTEPH team evaluation, and
an audit of the NHF programme.

Baseline and follow-up assessment

We analyzed patients’ characteristics at three
timepoints: the time of diagnosis, enrollment, and
follow-up. In incident cases the time of diagnosis
was the same as the time of enrollment. The mini-
mum set of data at diagnosis included: World
Health Organization functional class (WHO-FC),
CTEPH team opinion (operable versus non-oper-
able), results of the imaging tests to diagnose
CTEPH and data obtained at right heart catheter-
ization such as mean pulmonary artery pressure
(mPAP), right atrial pressure, cardiac index, pul-
monary vascular resistance, PA wedge pressure,
and PA oxygen saturation.3” At enrollment we
gathered the following data: WHO-FC, 6-minute
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walk distance (6MWD), N-terminal pro-brain
natriuretic peptide (NT-proBNDP) or brain natriu-
retic peptide (BNDP), and right atrial area (RAA)
as assessed by echocardiography, medical, surgi-
cal, or interventional treatments, and comorbidi-
ties. All follow-up visits were scheduled according
to the NHF programme criteria, which require the
assessment of treatment efficacy at 3 to 6-month
intervals. Patients were followed from the time of
enrollment until 31 August 2019.

Statistical analysis

The period prevalence of CTEPH was calculated
as the number of patients diagnosed with CTEPH
in every center who were alive on 1 March 2018,
and all new patients diagnosed between 1 March
2018 and 31 August 2019 (numerator) per the
total number of Polish adults (denominator,
n=31,512,906; 16,471,228 adult women and
15,041,678 adult men) based on the most recent
data (31 December 2017) obtained from Statistics
Poland (Central Statistical Office, https://stat.
gov.pl/en). The incidence was calculated as the
number of new CTEPH cases per year (numera-
tor) per the number of Polish adults (denomina-
tor). For the comparison of continuous variables
between the two groups, we used the Student’s t
test, and for categorical variables the chi? test with
Yates’s correction as needed. A Kaplan—Meier
survival curve was used to delineate patient sur-
vival starting at the time of enrollment. The sig-
nificance level was set at an alpha level of 0.05.
Statistical analysis was performed with the use of
Dell Inc. (2016), Dell Statistica (data analysis
software system), (version 13; Dell, Texas, USA)
software.dell.com.

Results

Study group and diagnostics

We enrolled in the present study 516 patients
with CTEPH aged 63.8 = 15.4years, including
329 (63.8%) prevalent and 187 (36.2%) incident
cases. At enrollment a significant number of
patients (n=286; 55.4%) were =65years old.
Most patients were at WHO-FC II and III
(n=235;45.5% and n=225; 43.6%, respectively)
followed by patients at WHO-FC I and IV (n=39;
7.6% and n=17; 3.3%, respectively). The mean
6MWD was 334*166.4m, the mean
NT-proBNP level was 1482 *=3130pg/ml, and

the mean RAA was 28.1 = 17 cm?2. At enrollment
the study patients were treated with riociguat
(n=247; 47.9%), sildenafil (n=93; 18%), trepro-
stinil (n=12; 2.3%), macitentan (n=3; 0.6%)
and bosentan (z=1; 0.2%).

At diagnosis (Table 2) most patients were at
WHO-FC III; however, incident cases were less
functionally impaired than prevalent cases. The
period prevalence of CTEPH was 16.4 per million
adults, including 15.5 per million women and 17.3
per million men. The incidence rate was estimated
at 3.96 new CTEPH patients per million per year.

CTEPH was confirmed by classic PA arteriogra-
phy in most patients (7=496; 96.1%). In the
other 20 (3.9%) patients the diagnosis was based
on computed tomography pulmonary artery angi-
ography (CTPA).

During the diagnostic work-up, ventilation—
perfusion lung scintigraphy (V/Q scan) was per-
formed in 155 (30%) patients and perfusion scin-
tigraphy in 57 (11%) patients. In most patients
(n=133; 25.8%) the single photon edition com-
puted tomography (SPECT-CT) technique was
used. In the remaining 22 (4.3%) patients, planar
lung scintigraphy was applied. V/Q scan showed
at least one unmatched segmental perfusion
defect in 118 (76.1%) patients and at least one
unmatched subsegmental perfusion defect in an
additional 37 (23.9%) out of the 155 patients who
had been tested with this technique.

Using PA arteriography as the reference method
to detect CTEPH, we found that the criterion of
one or more mismatched segmental perfusion
defect in V/Q scan had a sensitivity to diagnose
CTEPH of 81.1% (95% confidence interval (CI):
72.5-87.9%), the criterion of any mismatched
perfusion defects had a sensitivity of 100% (95%
CI: 96.7-100%), and CTPA had a sensitivity of
76.6% (95% CI: 67.6—84.1%). Central lesions
were present in 157 (30.4%) patients, peripheral
lesions were present in 206 (39.9%) patients, and
mixed (central and peripheral) lesions were pre-
sent in 144 (27.9%) patients.

At the time of diagnosis 362 (70.2%) patients
were classified as inoperable and 154 (29.8%)
were considered operable. Inoperability resulted
from distal localization of the thromboembolic
lesions (n=225; 62.2%), poor clinical status, low
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Table 2. Characterization of the study group at the time of diagnosis of chronic thromboembolic pulmonary

hypertension.

Variable Alln=516 Prevalent Incident cases p-Value
cases n=329 n=187

Age (years] 61.7+15.6 61.2+15.9 63.2+14.8 0.27

WHO-FC I (n, %) 4 (0.8%) 4(1.2%) 0 0.0006
I (n, %) 133 (25.8%) 66 (20.1%) 67 (35.8%)
11 (n, %) 348 (67.4%) 237 (72.0%) 111 (59.4%)
IV (n, %) 31 (6%) 22 (6.7%) 9 (4.8%)

RHC mPAP (mmHg) 455+11.8 45.9+11.7 461+12.2 0.2
PAWP (mmHg) 9.3+35 9.4+3.6 8.7+3.3 0.08
RAP (mmHg) 7.7+4.6 78+46 72+47 0.27
Pa-Sp0, (%) 63.8+8.7 63.6+8.6 64.4+8.8 0.47
Ao-Sp0, (%) 93+4.3 923+ 4.4 93.2+4.2 0.1
Cl (/min/m?) 2.2+0.7 2.2+0.7 2.2+0.7 0.55
PVR (WU) 88+4.6 8.7+ 44 8.9+ .4 0.8

Ao-Sp0,, blood oxygen saturation in aorta; Cl, cardiac index; mPAP, mean pulmonary artery pressure; NT-proBNP, N
terminal pro b-type natriuretic peptide; Pa-Sp0,, blood oxygen saturation in pulmonary artery; PAWP, pulmonary artery
wedge pressure; PVR, pulmonary vascular resistance; RAA, right atrial area; RAP, right atrial pressure; RHC, right heart
catheterization; WHO-FC, World Health Organization functional class.

benefit-to-risk ratio or comorbidities (7=88;
24.3%), or a lack of consent (n=49; 13.5%).

Therapy

At enrollment to the study PEA or BPA were com-
pleted in 216 patients. In 100 patients BPA treat-
ment was ongoing, and the remaining 200 patients
had had no previous intervention. At follow-up
PEA was performed in an additional 13 patients
and BPA in an additional 19 patients. Overall,
PEA was performed in 120 (23.3%) patients and
BPA in 258 (50%) patients (Figure 1). Analysis of
the treatment status at study enrollment showed
that the near normalization of mPAP (<25 mmHg)
was present in 44.3% of patients after PEA and
35.3% of patients after BPA (Table 3). Additional
BPA after PEA resulted in hemodynamic near-
normalization in 35% of patients (Table 3).

Before PEA 19 (15.8%) patients were pretreated
with targeted pharmacotherapy, while BPA was
pretreated in 124 (48.1%) patients. Table 3
shows that almost half of the patients treated

with BPA still continued targeted pharmacother-
apy despite mPAP near-normalization, which is
in contrast to the group of patients after PEA.
Targeted pharmacotherapy included monother-
apy in most patients (n=343; 97.4%), and a
combination therapy in a small group of nine
(2.6%) patients who participated in the open-
label phases of clinical trials. The therapies
included: riociguat (n=253; 71.9%), sildenafil
(n=83; 23.6%), subcutaneous treprostinil (z=5;
1.4%), macitentan (n=2; 0.6%) and combina-
tions of sildenafil and treprostinil (r=1; 0.3%),
sildenafil and macitentan (n=1; 0.3%), sildenafil
and bosentan (z=1; 0.3%), and riociguat and
treprostinil (=65 1.7%).

Associated medical conditions and additional
therapies

Most patients had a history of acute pulmonary
embolism (APE) and were of a blood group other
than O (Table 4). They also frequently presented
with conditions characteristic of left heart dis-
ease. The operable patients, as compared to the
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Figure 1.

CTEPH patients
n=516
Inoperable
n =362

Primary CTEPH Operable
team decision n=154
Y T, N

PEA + BPA
n=6 n=0 n=51

PEA PEA + BPA
Final treatment® n=47 n=6 n=1

PEA + Rx* PEA + BPA + Rx" BPA +Rx
n=6 n=7 n=164

PEA +Rx* PEA + BPA + Rx* BPA + Rx
n=29 n=19 n=10

BPA — balloon pulmonary angioplasty, PEA — pulmonary endarterectomy, Rx — pharmacotherapy, *16 patients were treated
with targeted therapies and 26 with supportive therapy only **101 patients were treated with targeted therapies and 27
with supportive therapy only, Rx — prescription drug, 2 Rx added or continued after PEA, 2 without any intervention

3as of 31 Aug 2019

Assessment of operability by the chronic thromboembolic pulmonary hypertension (CTEPH) teams

and final treatment of the study group.

Table 3. Treatment status of study patients at enrollment.

Category No. of No. of patients using targeted
patients  pharmacotherapy after
completion of treatment with

PEA or BPA (%]

PEA/BPA completed
Hemodynamic near- After PEA 43 7(16.3)
normalization (mPAP
<25mmHg])
After BPA 42 19 (45.2)
After PEA + BPA 7 3(42.9)
Persistent CTEPH (mPAP After PEA 34 22 (64.7)
=25mmHg])
After BPA 77 64 (83.1)
After PEA and BPA 13 12 (92.3)
Ongoing interventional
treatment
BPA treatment After PEA (persistent CTEPH) 10 -
As first choice intervention 90 -

No interventional treatment
at enrollment

CTEPH without PEA or BPA 200 -
at enrollment to the study

BPA, balloon pulmonary angioplasty; CTEPH, chronic thromboembolic pulmonary hypertension; mPAP, mean pulmonary

artery pressure; PEA, pulmonary endarterectomy.
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Table 4. Associated medical conditions and additional therapies in patients with chronic thromboembolic pulmonary hypertension at

enrollment to the study.

Variables AlLN=516 Operable Non-operable  p-Value
N=154 N=362

Male sex (n, %) 256 (49.6) 92 (59.7) 164 (45.3) 0.003
Age (mean = SD) 63.8£15.4  58.7*x14.1 0.9 = 155 <0.0001
Comorbidities
Diabetes 88 (17%) 28 (18.2%) 60 (16.6%) 0.67
Smoking Present 24 (4.7%) 17 (11%) 7 (1.9%) <0.0001

Past 143 (27.7%) 43(27.9%) 100 (27.6%) 0.96
Obesity (n, %) 163 (31.6) 57 (37) 106 (29.3) 0.08
Hypertension (n, %) 303 (58.7) 88 (57.1) 215(59.4) 0.59
Coronary artery disease (n, %) 96 (18.6) 28 (18.2) 68(18.8) 0.86
Myocardial infarction history (n, %) 38 (7.4) 14 (9.1) 24(6.6) 0.33
Atrial fibrillation (any] (n, %) 76 (14.7) 20 (13) 56 (15.5) 0.46
Atrial flutter (any) (n, %) 23 (4.5) 8(5.2) 15 (4.1) 0.6
Depression (n, %) 27 (5.2) 7 (4.6) 20 (5.5) 0.64
COPD (n, %) 49 (9.5) 16 (10.4) 33(9.1) 0.66
Asthma (n, %) 30(5.8) 10 (6.5) 20 (5.5) 0.67
Interstitial lung disease (n, %) 8(1.6) 0 8(2.2) 0.06
Sleep apnea [n, %) 7(1.4) 2(1.3) 5(1.4) 0.94
Hypothyroidism (n, %) 62 (12) 12 (7.8) 50 (13.8) 0.05
Hyperthyroidism (n, %) 29 (5.6) 3(2) 26(7.2) 0.02
Liver cirrhosis (n, %) 5(1) 3(2) 2 (0.6) 0.14
Chronic kidney disease (n, %) 127 (24.6) 24 (15.6) 103 (28.5) 0.002
Acute PE history and PE risk factors
Acute pulmonary embolism history (n, %) =1 427 (83) 137 (89) 290 (80.1) 0.02

1 361 (70) 105 (76.6) 256 (70.7) 0.57

>1 66(12.8) 32(20.8) 34.(9.4) 0.0004
Deep vein thrombosis history (n, %) 239 (46.3) 85 (55.2) 154 (42.5) 0.009
Thrombolytic treatment for acute thromboembolic 14 (2.7) 6 (3.9) 8(2.2) 0.28
disease (n, %)
Implantation of inferior vena cava filter in history (n, %) 44 (8.5) 19 (12.3) 25 (6.9) 0.04
Varicose veins in the lower extremities (n, %) 178 (34.5) 51 (33.1) 127 (35.1) 0.65
Major surgery in history (n, %) 90 (17.4) 27 (17.5) 63 (17.4) 0.98

(Continued]
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Table 4. (Continued)

Variables AlLN=516 Operable Non-operable  p-Value
N=154 N=362
Splenectomy (n, %) 18 (3.5 4(2.6) 14(3.9) 0.47
Cancer (n, %) Present 10 (1.9) 3(2) 7(1.9) 0.99
Past 39 (7.6) 7 (4.6) 32(8.8) 0.09
Fractures requiring immobilization (n, %) 15 (2.9) 7 (4.6) 8(2.2) 0.15
Prolonged hospitalization in history (n, %) 48 (9.3) 12(7.8) 36 (9.9) 0.44
Ventriculoatrial shunt (n, %) 8(1.6) 1(0.7) 7 (1.9) 0.28
Inflammatory bowel disease (n, %) 7 (1.4) 2 (1.3) 5(1.4) 0.94
Permanent cardiac pacing (n, %) 22 (4.3) 5(3.3) 17 (4.7) 0.45
Infective endocarditis history (n, %) 4(0.8) 0 4(1.1) 0.19
Blood group other than 0 (n, %) 445 (86.2) 141 (91.2) 304 (84) 0.02

COPD, chronic obstructive pulmonary disease; PE, pulmonary embolism.

non-operable patients, were younger, more fre-
quently of a blood group other than O and had a
history of deep vein thrombosis and APE. In
turn, non-operable patients more frequently had
thyroid disorders including hypothyroidism and
hyperthyroidism. Most patients were using anti-
coagulation at enrollment, usually in the form of
non-vitamin K antagonist oral anticoagulants
(NOACSs) (Table 5). The other frequently used
therapies reflected the burden of comorbidities.

Follow-up

Patients were followed for a mean of
14.3 £ 5.8 months. During that time 26 (5%)
patients died due to progression of right heart
failure (10 cases; 38.5%), cancer (three cases;
11.5%), infections (three cases; 11.5%), sudden
cardiac death (two cases; 7.7%), respiratory fail-
ure (two cases; 7.7%), bleeding (one case; 3.8%),
renal failure (one case; 3.8%) and unknown
causes (four cases; 15.4%). Patients treated only
with pharmacotherapy had more severe disease at
enrollment and worse survival than patients
treated with PEA or BPA (Table 6 and Figure 2).
We did not find any difference in survival
(p=0.88) between patients treated with PEA and
patients treated with BPA. Table 6 presents char-
acteristics of patients in relation to the mode of
treatment. As compared to invasive methods
(PEA or BPA), medical treatment was chosen

more frequently in more compromised patients
defined by higher WHO-FC and NT-proBNP
levels and shorter 6MWD, while BPA was pre-
ferred over PEA in older patients and in those
with less centrally located lesions. Table 7 shows
that patients who died at follow-up had higher
NT-proBNP blood levels, greater RAA, and
shorter 6MWD at enrollment than those who
survived.

Discussion

In the present study we have shown the most
recent data on characteristics, diagnostic work-
up, therapeutic decisions and outcomes of
CTEPH patients in the era of advanced surgical,
interventional, and pharmacological therapies.
This population at its mean age over 60 years was
diagnosed as being in poor functional status and
burdened with several comorbidities. Most
patients were classified as inoperable based on the
CTEPH team decisions. Despite the fact that
PEA remains a treatment of choice in CTEPH
targeted pharmacotherapies and BPA have been
used more frequently than PEA. Importantly, a
hybrid use of two or three of the available treat-
ment methods is typical, and pharmacotherapy
has frequently been retained even after successful
interventional treatment. Unexpectedly, we noted
a preference for NOACs over vitamin K antago-
nists in this group.
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Table 5. Pharmacotherapy in the study patients at
enrollment to the registry.

Treatments No. (%)
Anticoagulation (n, %) 508 (98.4)
NOACs (non-vitamin K antagonist 301 (58.3)
oral anticoagulants) (n, %)

Vitamin K antagonists (n, %) 159 (30.8)
Low molecular weight heparin (n, %) 48(9.3)
Beta-blockers (n, %) 270 (52.3)
Angiotensin-converting enzyme 119 (23.1)

inhibitors (n, %)

Angiotensin receptor blockers (n, %) 43(8.3)
Ivabradine (n, %) 8(1.6)
Amiodaron (n, %) 15 (2.9)
Furosemide (n, %) 201 (39)
Torasemide (n, %) 186 (36)
Thiazide diuretics (n, %) 42 (8.1)
Aldosterone antagonists (n, %) 153 (29.7)
Selective serotonin reuptake 15 (2.9]

inhibitors (n, %)

Other antidepressants (n, %) 14 (2.7)
Acetylsalicylic acid 20 (3.9)
Clopidogrel (n, %) 12 (2.3)
Proton-pump inhibitors (n, %) 275 (53.3)
Statins (n, %) 222 (43)
Systemic corticosteroids (n, %) 17 (3.3)
Immunosuppressive drugs (n, %) 10 (1.9]
Antiarrhythmics other than beta- 8(1.6)

blockers (n, %)

CTEPH is considered a rare disease, but its prev-
alence and incidence are poorly known. Most
data come from follow-up studies in patients pre-
senting with APE.2 However, a significant num-
ber of patients with CTEPH do not have a history
of APE, which suggests that the true incidence of
CTEPH is likely to be underestimated.” More
robust data may come from observational studies
that include all patients with a CTEPH diagnosis

made in a general population of a given territory.
In this way,! involving all pulmonary hyperten-
sion centers in the UK the incidence of CTEPH
was estimated at 1.75 cases per million per year in
2006. Reports from other countries show similar
(Spain 0.9 cases per million per year, Portugal 1.1
cases per million per year, Sweden two cases per
million per year) or higher (Latvia 5.1 cases per
million per year, Germany 5.7 cases per million
per year) incidence of CTEPH, which locates our
results in the middle. In a recent study using data
from epidemiologic studies, registries and national
databases, it has been estimated that diagnosed
CTEPH patients account for only 7-29% of all
CTEPH patients, which means that most
CTEPH patients are still undiagnosed in our
country and others.38

In our study most patients had their final diagno-
sis of CTEPH made based on classic pulmonary
angiography, which is a diagnostic gold standard,
and rarely were they based on CTPA and lung
V/Q scan only. The use of V/Q scan was relatively
low, which results from the low availability of this
diagnostic tool in Poland. However, the use of PA
angiography was higher than in some previous
reports’” and was dictated by preferences of
CTEPH teams, especially PEA and BPA special-
ists. In a subgroup of patients we could have
found that the criterion of any perfusion lung
defect in V/Q scan identified all patients who had
CTEPH, but neither a lack of any segmental per-
fusion defect in V/Q scan nor a lack of angio-
computed tomography signs of CTEPH were
able to exclude the disease reliably. This observa-
tion is in line with previous reports3%4° and sup-
ports the recommendations of the nuclear
medicine societies and reports of the Sixth World
Symposium on Pulmonary Hypertension? to use
binary interpretation of the lung V/Q scan.

In our study most patients were determined as
inoperable due to distal localization of the throm-
boembolic lesions, poor clinical status, comorbidi-
ties, or lack of consent. This was in contrast to
other national and international CTEPH registries
in which operable patients accounted for 60% to
70% of the assessed groups (Table 1). Those stud-
ies, however, recruited patients before the wide
availability of approved medical therapies and
BPA, which may have influenced the decisions of
the CTEPH teams. This was recently illustrated
by a group at the French National Reference
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Table 6. Comparison of study patients in relation to treatment modalities.

Variables

Medical PEA** BPA*** p-Value
treatment* (n=118) (n=228)
(n=170)
Men (n, %) 81 (47.9) 70 (59.3] 105 (45.9) 0.05
Age at study enrollment (years) 67.3+15.6 545+ 14.4 63.6+15.2 0.00032
Localizations of thrombotic lesions Central (%) 46 (27.2) 73 (61.9) 38(16.6) <0.0001®b
Central or mixed (%) 88 (52.1) 100 (84.7) 113 (49.3) <0.0001¢
Data obtained at enrollment
WHO-FC [ (%) 4 (2.4) 15 (12.7) 20 (8.7) 0.0003¢
11 (%) 65 (38.1) 51 (43.2) 119 (52.4)
11 (%) 96 (56.5) 48 (40.7) 81 (34.4)
IV (%) 5(3) 3(2.5) 8 (3.5)
6MWD (m]) 294.1 £154.2 360180 351.6 =162 <0.0001¢
RAA (cm?) 29+15.5 312238 26.5x15.1 0.03
NT-proBNP (pg/mL) 2067.4+3508.3 947 %1404 1321+ 3397 0.0029

*Patients in whom only pharmacological therapy was used.

**Patients in whom PEA was used as a first-

line invasive treatment.

***Patients in whom BPA was used as a first-line invasive treatment.
a=g|n post hoc analysis significant differences were found between: (a) PEA group and medical treatment group (p <0.0001) and between PEA group
and BPA group (p <0.0001); (b) all groups (p <0.0001); (c] PEA group and medical treatment group (p < 0.0001) and between PEA group and BPA
group (p <0.0001); (d) medical treatment group and PEA group (p=0.002) and medical treatment group and BPA (p=0.0001) group; (e) medical
treatment group and PEA group (p=0.001) and medical treatment group and BPA (p=0.0005) group; (f) medical treatment group and PEA group
(p=0.048]; (g) medical treatment and PEA group (p=0.001), and medical treatment and BPA (p=0.03) group.
6MWD, 6-minute walk distance; BPA, balloon pulmonary angioplasty; NT-proBNP, N terminal pro B-type natriuretic peptide; PEA, pulmonary
endarterectomy; RAA, right atrial area; WHO-FC, World Health Organization functional class.
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Figure 2. Kaplan-Meier survival curves for patients with chronic thromboembolic pulmonary hypertension treated with pulmonary

endarterectomy (PEA] or balloon pulmonary angioplasty (BPA] (invasive treatment) and with only pharmacotherapy including
targeted treatment.
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Table 7. Comparison of patients with chronic thromboembolic pulmonary hypertension with respect to survival at the end of

follow-up.
Variables Survivors Non-survivors  p-Value
(n=490) (n=26)
Men (n, %) 245 (50) 11 (42.3) 0.45
Age at diagnosis (years) 63.7+15.4 65.9 +15.7 0.48
Age at study enrollment (years) 645+ 16.4 66.8+15.7 0.48
Incident cases (n, %) 176 (35.9) 11 (42.3) 0.51
Final method of treatment PEA (%) 114 (23.3) 4(15.4) 0.38
PEA or BPA (%) 334 (68.2) 13 (50) 0.05
Localizations of thrombotic lesions Central versus mixed or peripheral (%) 151 (30.8) 6(23.1) 0.4
Central or mixed versus peripheral (%) 285 (58.2) 16 (61.5) 0.73
Data obtained at diangosis
WHO-FC I (%) 4(1) 0 0.82
I (%) 128(26.1) 5(19.2)
1 (%) 329 (67.1) 19 (73.1)
IV (%) 29 (5.9) 2(7.7)
6MWD (m) 306.4*+150.8  258.6+117.2 0.14
RHC mPAP (mmHg) 45.6=11.9 46.6+10.8 0.63
PAWP (mmHg]) 9.3+35 9+3.1 0.65
RAP (mmHg) 7.7+4.7 7.2+3.5 0.58
Pa-Sp0, (%) 63.8+8.6 62.5+9.1 0.5
Ao-Sp0, (%) 93.1+4.3 92.2+3.4 0.42
Cl (/min/m2) 2.2+0.7 2+0.8 0.3
PVR (WU) 8.7=4.7 9.4+3.9 0.46
Data obtained at enrollment
WHO-FC I (%) 398 0 0.03
I (%) 228 (42.4) 7(26.9)
1 (%) 208 (42.4) 17 (65.4)
IV (%) 15 (3.1) 2(7.7)
6MWD (m]) 342 =164 192 =142 <(0.0001
RAA (cm?) 27.5+16.2 38.9+25.9 0.002
NT-proBNP (pg/mL) 1411+ 3111 2806 = 3271 0.03

6MWD, 6-minute walk distance; Ao-SpO0,, blood oxygen saturation in aorta; Cl, cardiac index; mPAP, mean pulmonary artery pressure; NT-proBNP,
N terminal pro B-type natriuretic peptide; Pa-Sp0O,, blood oxygen saturation in pulmonary artery; PAWP, pulmonary artery wedge pressure;
PVR, pulmonary vascular resistance; RAA, right atrial area; RAP, right atrial pressure; RHC, right heart catheterization; WHO-FC, World Health

Organization functional class.
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Center,*! where the proportion of patients with
CTEPH who had been operated on decreased
after the advent of BPA (in 2014), from 82% in
2012-2013 to 51% in 2015-2016. Importantly,
the total number of surgically treated patients with
CTEPH remained unchanged because referrals
increased during this time. Another analysis of the
UK CTEPH center shows that the number of
patients determined primarily as technically opera-
ble is significantly higher than the number of
patients who are operated on (60% of patients
qualifying for PEA).42 In a recent German registry
of CTEPH which enrolled newly diagnosed
patients in 2016, only 50% were treated with
PEA.25 The Spanish Registry of Pulmonary Arterial
Hypertension (REHAP), which started in 2007,
shows that the chance of being operated on for
CTEPH depended on the expertise of the qualify-
ing center.18 In designated CTEPH expert centers
47.9% of patients were operated on, while in other
centers it was only 4.6% of patients. In Poland,
where determination of CTEPH patients is central-
ized (conducted by two CTEPH teams) and regu-
lated by a reimbursement policy of the NHF, 70%
of patients were determined as inoperable. An
important proportion of the patients in this group
had poor clinical status and comorbidities which in
the opinion of the CTEPH teams excluded them
from operation. In fact our CTEPH patients had
more comorbidities than those reported in the
international registry’ (e.g. obesity 31.6% wversus
17.6%; coronary artery disease 18.6% wersus
11.8%; diabetes 17% versus 5.2%) despite being of
a similar age at study enrollment. When differences
in the proportions of operable and inoperable
patients in different studies are analyzed, it should
be noted that there is no current method for stand-
ardizing operability or surgical risk for CTEPH,
which to a large extent is a subjective decision of
surgeons based on their experience.

Most patients enrolled in the registry were treated
with one targeted drug, usually riociguat, which
was the only treatment accepted for reimburse-
ment by the NHF and which was supported by
data from clinical trials.4>** An important and
new finding of our study is that targeted pharma-
cotherapies in some patients were used despite a
good result of BPA. This might have resulted from
the fact that BPA has usually been supported by
pharmacotherapy and that the clinical significance
of its withdrawal or maintenance has not been
documented. Almost all CTEPH patients were

anticoagulated at enrollment, wusually with
NOACs. Although the safety and efficacy of
NOACs in CTEPH patients is unknown and their
use has not been supported by pulmonary hyper-
tension guidelines, the number of patients using
NOACs presenting to CTEPH centers is ris-
ing,%>4 which results from the potential for a
lower side-effect profile, and the greater conveni-
ence of dosing of NOACs over vitamin K antago-
nists. A multicenter retrospective analysis of
patients with CTEPH after PEA showed that
post-PEA functional and hemodynamic outcomes
and bleeding risk were unaffected by the type of
anticoagulation, but recurrent venous thrombo-
embolism rates were significantly higher in those
receiving NOACs.% Still, prospective studies are
needed to understand the clinical usefulness of
NOACs in CTEPH.

The most frequent comorbidities of CTEPH
patients were hypertension, coronary artery dis-
ease (CAD), diabetes, thyroid disorders, and
atrial fibrillation. The prevalence of cardiovascu-
lar disease (CVD) risk factors and CAD is high in
our group, exceeding that reported in the interna-
tional CTEPH registry, which had recruited
patients 10years earlier. This may result from the
fact that Polish adults are generally burdened
with a higher incidence of CVD risk factors and a
higher risk of CVD mortality than their counter-
parts in western European countries.*7>4¢ Thyroid
disorders, especially hypothyroidism and treat-
ment with levothyroxine, have previously been
linked to CTEPH,*50 and our results comple-
ment the previous findings. Our new observation
is that hyperthyroidism was over two times more
prevalent in non-operable patients as compared
to operable patients. This association has never
been analyzed and requires further research, but
data from preclinical studies link elevated T3 to
vascular remodeling, which plays an important
role in patients with distal disease.’! Most of our
CTEPH patients had at least one APE in their
history, but fewer than half had experienced deep
vein thrombosis, which is in line with previous
European reports.” Similarly to these reports, a
history of deep vein thrombosis and APE, espe-
cially recurrent pulmonary embolism, were asso-
ciated with the operable phenotype of CTEPH.
Implantation of a vena cava filter was generally
low. Its insertion was more commonly applied in
operable patients, as it was previously a routine
perioperative procedure in some centers.
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We found that 64.7% of patients after completed
BPA treatment and 55.7% of patients after PEA
still had CTEPH (persistent or recurrent). These
PEA results were similar in a recent study of the
Papworth Hospital where 51% of patients still
had mPAP =25mmHg at the time of follow-up
right heart catheterization 3—6months after
PEA.52 Based on our results, we do not conclude
about the superiority of BPA or PEA, as in our
study these two groups were not adjusted for such
comparisons, but we underscore the need for
careful observation of CTEPH patients after BPA
and PEA. In addition, the relatively high rates of
persistent CTEPH may support the role of
adjunctive medical therapy in patients treated
with PEA or BPA. However, PEA or BPA are
associated with better survival than pharmaco-
therapy alone.

At diagnosis, the prevalent cases had more severe
disease than incident cases. This could suggest a
trend towards earlier diagnosis of CTEPH in
recent years.

Strengths and limitations

Our study has several strengths. First of all, we
present the results of the largest multicenter
CTEPH registry recruiting patients in the mod-
ern era of CTEPH treatment, including pharma-
cological, surgical, and percutaneous methods.
Second, by including all centers which diagnose
and treat CTEPH patients we were able to esti-
mate the incidence and prevalence of this disease.
Third, we assessed the diagnostic value of lung
V/Q scan and CTPA in real-world clinical
practice.

The main limitation of our study is the risk of
selection bias when we present the outcome
results, as prevalent patients who died before 1
March 2018 could not be enrolled into our study.
To reduce this risk we started the observation at
enrollment to the study instead of at CTEPH
diagnosis. The methodological limitations inher-
ent to registry-based studies have recently been
acknowledged.?> We also acknowledge that due
to a low number of end points, our survival analy-
sis was not adjusted for confounding factors; for
example, age, severity of CTEPH, and comorbid
conditions which besides the treatment method
could have impacted the status of the patients at
follow-up.

Conclusions

The modern population of CTEPH patients
comprises mostly elderly people significantly bur-
dened with comorbid conditions. The combina-
tion of two or three therapeutic methods is
currently a typical approach in the management
of CTEPH. This calls for treatment decisions
that are individually tailored to every patient.
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