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Abstract

This study investigated the epidemiology and survival outcomes of chronic

thromboembolic pulmonary hypertension (CTEPH) in the Czech Republic,

wherein pulmonary endarterectomy (PEA) surgery was the only targeted

treatment option until 2015. This study included all consecutive adults newly

diagnosed with CTEPH in the Czech Republic between 2003 and 2016.

Incidence/prevalence rates were calculated using general population data

extracted from the Institute of Health Information and Statistics of the Czech

Republic. Kaplan–Meier estimates of survival from diagnosis until 2018 were

calculated. Of a total of 453 patients observed, 236 (52.1%) underwent PEA

(median time from diagnosis to PEA: 2.9 months) and 71 (34.1%) had residual

pulmonary hypertension (PH) post‐PEA. CTEPH incidence rate (95% con-

fidence interval [CI]) between 2006 and 2016 was 4.47 (4.05; 4.91) patients per

million (ppm) per year, and the prevalence (95% CI) was 37.43 (33.46; 41.73)

ppm in 2016. The rate of CTEPH‐related hospitalizations (95% CI) per 100

person‐years was 24.4 (22.1; 26.9) for operated patients and 34.2 (30.9; 37.7) for

not‐operated patients. Median overall survival (95% CI) for all patients from

CTEPH diagnosis was 11.2 (9.4; not reached) years. Five‐year survival prob-

ability (95% CI) was 95.3% (89.9; 97.9) for operated patients without residual
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PH, 86.3% (75.3; 92.7) for operated patients with residual PH and 61.2% (54.0;

67.6) for not‐operated patients. This study reported epidemiological estimates

of CTEPH in the Czech Republic consistent with estimates from other national

systematic registries; and indicates an unmet medical need in not‐operated
patients and operated patients with residual PH.
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INTRODUCTION

Chronic thromboembolic pulmonary hypertension
(CTEPH) is a rare and severe progressive pulmonary vas-
cular disease, often resulting from a complication of acute
pulmonary embolism (PE).1 The exact global incidence
and prevalence of CTEPH are unknown and the latest
country‐specific estimates vary. A recent critical appraisal
of published epidemiology estimates of CTEPH reported
that the range of published estimates was large for both
incidence (0.9–39 patients per million [ppm] per year) and
prevalence (14.5–144 ppm) of CTEPH in adults.2 This large
range of estimates is partly due to the differences between
the study designs and healthcare systems.2 Additional
studies with high national coverage are required to further
describe the epidemiology of CTEPH.

If left untreated, CTEPH is associated with poor
survival.1 Pulmonary endarterectomy (PEA) is the gold
standard treatment for CTEPH. For the majority of pa-
tients eligible for this surgery, it provides considerable
relief from symptoms, hemodynamic improvement, and
lowers mortality risk.3,4 However, up to 40% of patients
with CTEPH cannot benefit from PEA, mostly because of
the distal location of the thrombotic material (termed
technically inoperable patients), or because of an un-
favorable benefit‐risk ratio as well as patient refusal
(termed medically inoperable patients hereafter).5–7 New
treatment options have emerged in the past decade for
patients with inoperable CTEPH or residual pulmonary
hypertension (PH) following PEA.8–10 This includes bal-
loon pulmonary angioplasty (BPA), which was estab-
lished in Japan and subsequently introduced to other
countries, including Germany in 2013 and France in
2014.5,11–15 The efficacy and safety of BPA has improved
since its introduction as a result of advances in technique
and centers becoming more experienced in the proce-
dure.16–18 Two medications received regulatory approval
for CTEPH in the last decade.19–21 Only one of those
(riociguat) is currently widely available, but pulmonary
arterial hypertension medications have often been pre-
scribed off‐label, particularly before the introduction of

riociguat.22 Riociguat is an oral, soluble guanylate cyclase
stimulator which is approved in many countries for the
treatment of CTEPH in adults (with approval in Europe
since 2014)9,10,20,21 and subcutaneous treprostinil, a
prostacyclin analogue, was approved in Europe in 2020
for the treatment of patients with inoperable or persis-
tent/recurrent CTEPH after PEA.19,23 Multimodal
treatment, an integrated approach that combines
surgical, interventional and medical therapy, is a recent
development in the management of CTEPH.8,9 This
approach is recommended by The European Society of
Cardiology/European Respiratory Society (ESC/ERS)
2015 guidelines,3,4 and has been further reinforced by
subsequent expert panels.8,9 The treatment landscape for
this rare disease is continually evolving, and real‐world
data are important for understanding its epidemiology
and management.

Several aspects of CTEPH management in the Czech
Republic make this a unique setting to study CTEPH and a
valuable, exhaustive source of data to describe the natural
history and epidemiology of the disease. In the Czech
Republic, diagnosis and management of CTEPH are
centralized in a single expert center in Prague; all patients
with suspected CTEPH from across the country are
referred to this center and receive a consistent approach to
operability assessment and treatment decision by a unique
multidisciplinary team. This national coverage allows the
collection of comprehensive data on all CTEPH patients in
the country. The only treatment option available to
patients with CTEPH in the Czech Republic was PEA
(introduced 2004)24 until BPA was introduced in 2013
(with routine use from 2017 onward),25 and riociguat
became commercially available in the Czech Republic in
2015. Off‐label use is not permitted in the Czech Republic,
and unlicensed treatments are therefore only available
through participation in clinical trials.

This study is based on a historical, observational
cohort of all consecutive patients diagnosed with CTEPH in
the Czech Republic between 2003 and 2016, a time period in
which PEA was the only treatment option for the vast
majority of patients. As such, it provides an opportunity to
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describe the natural history of the disease and outcomes for
both operated and not‐operated patients. Specifically, it de-
scribes the clinical characteristics at diagnosis, treatment
patterns as per routine care practice, hospitalization, and
survival according to patients' operability status.

METHODS

Study design

This was a noninterventional, historical, cohort study
observing adult (aged≥ 18 years) patients newly diag-
nosed with CTEPH at the Prague General University
Hospital between January 1, 2003, and December
31, 2016. The observation period for each patient lasted
from the time of CTEPH diagnosis to the earliest of death
or December 31, 2018, data cut‐off.

The study was approved by the Prague General
University Hospital's research ethics committee. As this
study was based on retrospective and deidentified data, no
informed consent was required from individual patients.

Patient population

The criteria for the diagnosis of CTEPH were according
to the latest PH guidelines:3,4 mean pulmonary arterial
pressure ≥25mmHg, mismatched perfusion defects on
lung ventilation perfusion scintigraphy, and diagnostic
signs for CTEPH on multidetector CT angiography and
conventional pulmonary angiography.

Patients' operability status (PEA) was determined at
diagnosis by an interdisciplinary team consisting of a
PEA surgeon, PH specialist, cardiac anesthesiologist, and
radiologist. Patients in this study were categorized into
subgroups as operated (those who underwent PEA sur-
gery during the observation period) or not‐operated.
Operated patients were further categorized according to
their residual PH status (as determined by echocardio-
graphic estimation of pulmonary artery systolic pressure
≥40mmHg at 6 months post‐PEA with subsequent con-
firmation of residual PH by right heart catheterization
parameters, and defined as mean pulmonary artery
pressure ≥25mmHg and pulmonary vascular resistance
[PVR] > 3Wood units) into the subgroups: residual PH,
no residual PH, and not assessed (due to death within the
first 6 months post‐PEA). Not‐operated patients were
further classified into: technically inoperable (due to
distal disease) and medically inoperable (due to co-
morbidities or patient refusal). The vast majority of pa-
tients were not medically treated during the observation
period (as off‐label use is not permitted), hence patients

were not grouped according to whether they received PH
treatment.

DATA COLLECTION

Patient demographics (age, sex) and clinical character-
istics at diagnosis (time from first PE to diagnosis,
medical history of venous thromboembolism and PE,
functional status, brain natriuretic peptide levels, and
hemodynamics) were collected from patients' medical
charts at Prague General University Hospital, along with
patients' treatments during the observation period (ad-
ministration of PH‐specific medication, PEA and BPA).
Vital status and hospitalizations data during the ob-
servation period were extracted from national databases
led by the Institute of Health Information and Statistics
of the Czech Republic (IHIS CR).26 The date and cause of
death were extracted from the Czech Republic national
death register.26 CTEPH‐related hospitalizations were
defined as hospitalizations that were nonelective and
were identified based on the International Statistical
Classification of Diseases codes listed in Table S1. Each
reason (ICD code) was reviewed and adjudicated by the
first author of this manuscript to ensure CTEPH‐related
hospitalizations were correctly identified. CTEPH diag-
nosis and treatment‐related hospitalizations (i.e., due to
PEA, BPA, or clinical trial participation), were not
considered CTEPH‐related.

For calculation of incidence, prevalence, and standar-
dized mortality ratio (SMR), aggregated data on the Czech
general adult population were extracted from the Czech
Statistical Office database27,28; demographic data for the
study population were obtained from the IHIS CR.26 For
context, the general adult population of the Czech
Republic recorded in 2016 was 8.7 million people.27

Statistical analyses

Descriptive statistics were used for patient demographics,
clinical characteristics, and clinical outcomes. Catego-
rical variables were summarized using counts and
percentage, and continuous variables using median
(range or interquartile range [IQR]) values. The number
of patients with available data (n) was used as the
denominator in the calculation of summary statistics.

The incidence rate was calculated by dividing the
number of incident patients by the total number of adults
in the Czech Republic in each year and then obtaining an
average incidence rate between 2006 and 2016. Point
prevalence was calculated using the number of incident
patients between 2006 and 2016. The confidence intervals
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(CIs) were estimated on the assumption that the number
of newly diagnosed patients in each year followed a
Poisson distribution.

Hospitalization rates were calculated by dividing the
number of hospitalizations by the total time at risk. The
CI's were estimated from the Poisson distribution.

Kaplan–Meier overall survival probability estimates
from time of diagnosis were used to perform survival
analyses for each group and subgroup. Median overall
survival and 95% CIs were calculated, as well as 5‐year
survival probabilities. SMR was standardized to the
general population by sex and age.

RESULTS

Patient distribution

A total of 453 patients were diagnosed in Prague General
University Hospital between January 1, 2003, and
December 31, 2016. During the observation period (median
of 6.1 [range: 0; 16] years), 52.1% (n=236) of patients
underwent PEA surgery (operated patients) (Figure 1),
with a median time from diagnosis to PEA of 2.9
(range: 0.0; 101.2 and IQR: 2.0; 4.7) months. Of those, 208
patients were assessed for residual PH 6 months post‐PEA,
the majority of which (65.9%, n= 137) had no residual PH.
Residual PH status was not assessed for 28 patients due to
two patients not being under center care after PEA and
26 patients who died within 6 months of PEA.

Of the 217 patients who did not undergo PEA surgery
(not‐operated patients), the main reason (129 patients
[59.4%]) was the distal nature of the disease (technically
inoperable patients) (Figure 1). Among the 88 medically

inoperable patients, 38 (43.2%) were considered unfit for
surgery following multidisciplinary assessment, 22 (25.0%)
had other contributors to symptoms in addition to clot
burden, 16 (18.2%) chose to decline the surgery, and the
reason for the decision was not clear for 12 (13.6%) patients.

In terms of other treatments, 22 patients underwent
the BPA procedure (mostly at the end of the observation
period) and 123 patients were treated with PH‐specific
therapies, with 71 patients receiving treatment through
participation in clinical trials (CHEST‐1; NCT00855465,
BENEFIT; NCT00313222, CTREPH; NCT01416636), and
52 receiving commercial riociguat (early experience
available between 2015 and cut‐off 2018). Of the 86 pa-
tients who received riociguat at any time during the
2003–2018 observation period, 27 were in the operated
group (26 had residual PH and 1 had no residual PH) and
59 were in the not‐operated group (49 technically in-
operable; 10 medically inoperable).

Clinical characteristics at diagnosis

Of the 453 patients included in total, 45.5% were female
and the median age at diagnosis was 65.2 (range: 19; 85)
years. Overall, 78.1% of patients had a history of PE and
the median time to diagnosis of CTEPH from first PE was
2.2 years. In total, 43.2% of women underwent PEA
compared with 59.5% of men. Of those who did not
have surgery, 58.0% of men and 60.7% of women were
technically inoperable (Table 1).

The majority of patients had severe disease at diagnosis;
approximately 90% were in New York Heart Association
functional class (NYHA FC) III/IV (Tables 1 and 2). Among
the 444 patients with available data, the three most common

FIGURE 1 Patient disposition. *Residual PH was determined by echocardiographic estimation of pulmonary artery systolic pressure
(≥40mmHg) followed by subsequent confirmation by RHC. †Due to distal disease. ‡Due to comorbidities or refusal. N, total number of
patients; n, number of patients; PEA, pulmonary endarterectomy; PH, pulmonary hypertension; RHC, right heart catheterization
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comorbidities were ischemic heart disease (14.6% of oper-
ated and 23.2% of not‐operated patients), chronic obstructive
pulmonary disease (11.2% of operated and 12.3% of not‐
operated), and diabetes (5.2% of operated and 13.7% of not‐
operated patients). All patients (with data available) were
taking or had taken, anticoagulants at the time of diagnosis.
The vast majority (83.6%) were treated with vitamin K
antagonists, with only a small proportion taking new oral
anticoagulants (non‐vitamin K antagonist oral antic-
oagulant [NOAC]) (2.9%) or other anticoagulants (13.5%).

Epidemiology estimates

The incidence rate of CTEPH in the Czech Republic (95%
CI) between 2006 and 2016 was 4.47 (4.05; 4.91) ppm per
year, and the prevalence was 37.43 (33.46; 41.73) ppm
in 2016.

Hospitalizations

From CTEPH diagnosis, there were 2705 all‐cause hos-
pitalization events, during a median observation time of
6.1 (range: 0, 16) years (Table 3); of these, 803 (29.7%)

were CTEPH‐related. The rate of CTEPH‐related hospi-
talizations (95% CI) per 100 person‐years was 24.4 (22.1;
26.9) for operated patients and 34.2 (30.9; 37.7) for not‐
operated patients.

Underlying disease was the most common reason for
CTEPH‐related hospitalizations, with CTEPH and heart
failure being the reason for 490 (61.0%) and 186 (23.2%)
of CTEPH‐related hospitalizations. During the observa-
tion period (median of 6.1 years), patients experienced a
median (range) of 1.0 (0; 13) CTEPH‐related hospitali-
zations, with 48.3% of patients reported to have had
1–3 hospitalizations, 10.8% with 4–6 hospitalizations
and 4.6% of patients experiencing more than six
hospitalizations.

SURVIVAL

Overall survival for patients across the observation period
is shown in Figure 2. The median overall survival (95%
CI) for all patients from CTEPH diagnosis was 11.2 (9.4;
not reached) years. The survival median was reached
close to the end of follow‐up, so the upper confidence
limit for the overall survival of all patients from CTEPH
diagnosis was unable to be estimated, hence the not

TABLE 2 Demographics and disease characteristics at diagnosis of operated patients (N= 236) according to residual PH status
post‐PEA

Parameter PH not assessed, N= 28 No residual PH, N= 137 Residual PH, N= 71

Age, years 63.2 (49; 77) 58.6 (21; 81) 66.2 (24; 77)

Sex, n (%), female 9 (32.1) 44 (32.1) 36 (50.7)

DVT history, n (%) 8 (30.8) 58 (42.6) 33 (46.5)

PE history, n (%) 19 (67.9) 112 (81.8) 59 (83.1)

Time from first PE to diagnosis, years 4.5 (0; 40) 1.5 (0; 36) 3.5 (0; 43)

NYHA FC, n 27 137 70

FC I/II, n (%) 2 (7.4) 15 (10.9) 5 (7.1)

FC III/IV, n (%) 25 (92.6) 122 (89.1) 65 (92.9)

6MWD, m [n] 307.0 (106; 536) [24] 359.5 (150; 645) [116] 313.5 (133; 600) [66]

RHC at diagnosis

mPAP, mmHg [n] 50.0 (34; 81) [26] 50.0 (11; 79) [133] 52.0 (32; 87) [69]

PVR, dyn × s/cm5 [n] 682.4 (244; 2197) [26] 727.6 (83; 1914) [132] 810.8 (286; 1688) [70]

CI, L/min/m2 [n] 2.1 (1; 4) [26] 2.1 (1; 4) [128] 2.1 (1; 4) [69]

BNP, pg/ml [n] 444.5 (40; 2000) [12] 195.0 (14; 1699) [55] 285.0 (39; 4828) [27]

Note: Unless specified otherwise, data are presented as median (range) and the number of patients with data available for a variable is those for the overall
population and subgroups described in Figure 1.

Abbreviations: 6MWD, 6‐min walk distance; BNP, brain natriuretic peptide; CI, cardiac index; DVT, deep vein thrombosis; ESC, European Society of
Cardiology; ERS, European Respiratory Society; mPAP, mean pulmonary artery pressure; N, number of patients; NYHA FC, New York Heart Association
functional class; PE, pulmonary embolism; PEA, pulmonary endarterectomy; PH, pulmonary hypertension; PVR, pulmonary vascular resistance; RHC, right
heart catheterization.
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reached value. Five‐year survival probability (95% CI)
was 82.2% (76.5; 86.5) for operated patients; 95.3% (89.9;
97.9) for patients with no residual PH; 86.3% (75.3; 92.7)
for patients with residual PH; 61.2% (54.0; 67.6) for not‐
operated patients; 65.3% (56.0; 73.2) for technically in-
operable patients; and 55.2% (43.6; 65.4) for medically
inoperable patients. For patients in whom residual
PH could not be assessed as a result of death within
6 months post‐PEA, the five‐year survival probability was
5.4% (95% CI: 0.5; 20.0). The 1‐, 3‐, and 10‐year survival
probabilities (95% CI) for all patients were 89.6% (86.4;
92.1), 79.1% (75.0; 82.5), and 53.3% (47.7; 58.6), respec-
tively. The most common cause of death among all pa-
tients was underlying disease (33.0%), followed by
ischemic heart disease (13.7%). Of the 26 patients who
died within 6 months of PEA, the reasons for death in-
cluded: underlying disease (65.4%), heart failure (11.5%),
infection (7.7%), other (7.7%), arrhythmia (3.8%), and
renal failure (3.8%). Overall, patients diagnosed with
CTEPH between 2006 and 2016 had a 2.37‐fold higher
mortality rate compared with the general population of

the same age and sex (SMR [95% CI]: 2.37 [1.98; 2.76]).
For operated and not‐operated patients, this rate was 1.91
(1.41; 2.42) and 2.80 (2.21; 3.40), respectively.

DISCUSSION

This study provides insights into the epidemiology of
CTEPH in the Czech Republic between 2003 and 2016,
using the unique national expert center that system-
atically records all CTEPH cases in the country. Over this
time, 453 patients were diagnosed and 236 (52.1%) pa-
tients underwent PEA, with 71 (34.1%) having residual
PH following surgery. Hospitalization rates and survival
were observed during a period in which PEA was pre-
dominantly the only targeted treatment option (until
2015) and grouped according to operability status. Five‐
year survival probability was highest for operated pa-
tients without residual PH (95.3%), followed by operated
patients with residual PH (86.3%), and was lowest for
patients who were not‐operated (61.2% overall).

FIGURE 2 Overall survival by subgroups. Overall survival was calculated for the observation period lasting from January 1, 2003, to
December 31, 2018, data cut‐off. N, number of patients; PH, pulmonary hypertension
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The outcomes described herein were observed in a
centralized model of PH care, which is in line with the
guideline recommendations to refer all patients with
suspected CTEPH to expert centers.3,4,9 As a result, all
patients receive a confirmed diagnosis and are able to
discuss treatment options with a multidisciplinary team
consisting of a PEA surgeon, PH specialist, cardiac an-
esthesiologist, and a radiologist with expertise in CTEPH.
This ensures a robust clinical assessment, allowing all
patients who could benefit from PEA to undergo the
operation.3,4,9 This study observed a median time from
diagnosis to PEA of 2.9 (IQR: 2.0; 4.7) months, which is
similar to or shorter than reports from other countries. In
the United Kingdom (2018/2019 PH audit), the median
wait‐time between initial CTEPH diagnosis and PEA was
approximately 6 months,29 and in the International reg-
istry, wait‐time ranged from less than 1 month up to
almost 4 months.7

It should be noted that medical therapy was used for
very few patients in the present study, and the initiation
of medication can sometimes delay PEA,30,31 hence this
could possibly be part of the reason for the relatively
short wait‐time reported here. Altogether, study findings
are broadly in line with previous reports that found
centralized CTEPH care to be associated with better
outcomes than a decentralized system.32,33 Further in-
vestigation into the optimal healthcare model is needed.

Importantly, the centralized management of CTEPH
in the Czech Republic provides the rare advantage of
complete national coverage and thus accurate epide-
miology estimates. The 2006–2016 incidence rate (95%
CI) of CTEPH was 4.47 (4.05; 4.91) ppm per year and the
prevalence of CTEPH in 2016 was 37.43 (33.47; 41.73)
ppm. These findings are consistent with estimates from
other European registries with similar designs, namely
national registries with systematic enrollment of patients
in a country with a centralized healthcare system.2 This
includes the United Kingdom and Swedish registries,
which estimate annual incidence to be 3.1–6.0 ppm and
prevalence to be 25.8–38.4 ppm.2 This study, therefore,
adds to the authoritative epidemiology estimates pro-
vided by “systematic” registries with national coverage.2

The prevalence of CTEPH reported in this study is still
likely to be a conservative estimate, given the evidence
that CTEPH is often mistaken for PE,8,34,35 and therefore,
not all cases may reach the expert center for diagnosis.
While further efforts are required to better characterize
patients at risk of CTEPH and identify suspected CTEPH
cases, the epidemiological estimates from systematic re-
gistries remain the most reliable estimates available.2

Clinical characteristics at diagnosis were also gen-
erally consistent with those from previous studies. For
example, the percentage of patients with a history of PE

or deep vein thrombosis (DVT) was 78.1% and 41.9%,
respectively, which is similar to the findings of an in-
ternational CTEPH registry.7 Operated patients were
younger than the not‐operated group (median: 62.2 vs.
69.9 years), had a higher percentage of males (62.3% vs.
46.1%), and a higher median pulmonary arterial pressure
(48.0 vs. 43.0 mmHg). These demographic data at diag-
nosis are also in line with the first international registry
findings in operable and nonoperable patients (median
age of 61 vs. 67 years, and 53.4% vs. 44.5% males).7 The
present study reported that 43.2% of women underwent
PEA compared with 59.5% of men. The reasons for not
being operated were similar for women (60.7% techni-
cally and 39.3% medically inoperable) and men (58.0%
technically inoperable and 42.0% medically inoperable).
A European registry has also reported similar findings:
54% of women underwent PEA compared with 65% of
men and the reasons for not being operated did not differ
between the sexes.36 Further research would be to un-
derstand the reasons for fewer women undergoing PEA.

In terms of anticoagulant use, very few patients di-
agnosed with CTEPH in the Czech Republic between
2003 and 2016 were using NOACs. This is in contrast to a
2016 German study that reported patients with CTEPH
were prescribed NOACs more frequently than traditional
vitamin K antagonists.37 Research into the effect of
NOACs in patients with CTEPH is required, as they
could be associated with a higher risk of recurrent
thromboembolic events in specific clinical situations.8

In total, 236 (52.1%) patients underwent PEA and 22
(4.9%) patients (in the not‐operated group) underwent
BPA during the 2003–2018 observation period. The BPA
procedure was not routinely used in the Czech Republic
until 2017, hence the low prevalence of this procedure.
Compared with the present study, a slightly higher per-
centage of patients underwent PEA in the international
CTEPH registry (60% of patients diagnosed between 2007
and 2009 in 27 centers across Europe and Canada, and
followed up until 2012),6 whereas reports from a German
registry were similar (50.3% in 2016), and figures re-
ported from Spain and Poland were lower (34.3% of pa-
tients diagnosed between 2007 and 2018 in Spain; 23.3%
of patients being managed at participating Polish centers
between March 2018 and August 2019).33,37,38 The per-
centage of patients undergoing PEA in the present study
being among the highest figures reported reflects the
center's expertise, amassed since the introduction of the
PEA program to this high‐volume expert center in 2004.
Expertise in PEA enables this surgery to be performed on
all patients who could benefit from it, thereby improving
patient outcomes.

Residual PH was assessed in 208 patients at 6 months
post‐PEA and detected in 71 (34.1%) patients. Other
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studies, including a recent meta‐analysis,39 have reported
residual PH occurring in between 17% and up to one‐
third of patients.40,41 It is difficult to compare the pre-
valence of residual PH between studies, as not all centers
or studies systematically investigate for the presence of
residual PH at 6 months. Comparisons are further im-
peded by the lack of consensus on the definition of re-
sidual PH.8 This study defined residual PH as detection
of pulmonary artery systolic pressure ≥40mmHg by
echocardiography 6 months post‐PEA with subsequent
confirmation by right heart catheterization. However,
other studies use a range of thresholds for mean pul-
monary arterial pressure (25–30mmHg) and PVR
(400–500 dyn/s/cm5),42 and some use either right heart
catheterization or echocardiographic assessments to as-
sess for residual PH.41 Agreement on a universal defini-
tion of residual PH is a current aim in the field and will
help standardize optimal care for operated patients.

There is little information published on the predictors
for residual PH. In this study, among operated patients,
patients with residual PH were older (median age: 66.2
vs. 58.6 years), had a higher percentage of female patients
(50.7% vs. 32.1%), and a longer time to CTEPH diagnosis
after first PE occurrence than patients with no residual
PH (median time: 3.5 vs. 1.5 years). At diagnosis, NYHA
FC was similar for both groups, while the median
6‐min walk distance (6MWD) was lower for those with
residual PH (313.5 m) compared with those who had no
residual PH (359.5 m). The trend for female pre-
ponderance in patients with residual PH is in line with
findings from a previous study, which identified female
sex as a risk factor for residual PH.43 The relationship
between preoperative hemodynamics and clinical wor-
sening post‐PEA is currently not well‐defined. The pre-
sent study found that hemodynamic profiles at baseline
were similar for those with and without residual PH. This
is in alignment with a prospective UK study of patients
undergoing PEA between 1997 and 2007 which reported
that the only significant preoperative difference between
patients with residual PH and those without residual PH
was 6MWD, which was significantly lower in those with
residual PH. Preoperative hemodynamic profiles were
similar in both groups.44 However, this is in contrast to a
previous large UK cohort study which found that in pa-
tients with CTEPH, baseline hemodynamic factors such
as mean pulmonary artery pressure and PVR were cor-
related with the need for treatment initiation following
PEA.45 Similarly, another study investigating outcomes
in patients with residual PH following PEA reported that
elevated PVR and mean pulmonary artery pressure at
baseline were associated with clinical worsening and
poor survival post‐PEA.46 These findings suggest that
preoperative hemodynamic factors may be used to

predict patients at risk of residual PH, but further
research is needed.

This study analyzed outcomes by operability status,
sourcing data from the IHIS CR, which provides a
comprehensive record of hospitalizations and vital status
of the Czech Republic population. The rate of CTEPH‐
related hospitalizations, per 100 person‐years (95% CI),
was 28.4 (26.5; 30.4), with 24.4 (22.1; 26.9) for operated
and 34.2 (30.9; 37.7) for not‐operated. The five‐year sur-
vival probabilities were also lower for not‐operated pa-
tients: 82.2% for operated and 61.2% for not‐operated,
which is aligned with contemporary estimates from the
United Kingdom and Sweden (5‐year survival rates of
85% and 88% for operated patients compared with 54%
and 59% for not‐operated patients).29,47 It is important to
repeat the slight difference in age at diagnosis between
these two groups, as this could partly contribute to the
differences in outcomes. This age difference is not un-
expected, given that older patients are more likely to
have comorbidities that could preclude them from hav-
ing surgery. The SMR (95% CI) for all patients diagnosed
between 2006 and 2016 indicates that the risk of death is
more than double for patients with CTEPH compared
with the general population of the Czech Republic with
same age and sex (2.37 [1.98; 2.76]). The risk was even
greater for not‐operated patients (2.80 [2.21; 3.40]).

Altogether, these data demonstrate the high burden
of disease, particularly for the not‐operated patients.
Among the not‐operated group, five‐year survival prob-
ability was worse for patients who were not operated
upon due to comorbidities or patient refusal (i.e., the
medically inoperable group; 55.2%) than the technically
inoperable group (65.3%). This study also identified an
unmet need for operated patients with residual PH. The
survival outcomes for operated patient subgroups in this
study are in agreement with a long‐term outcomes study,
which found that freedom from CTEPH‐related death
(defined as cardiac death, respiratory failure, hemor-
rhagic stroke, and death from an unknown cause) at
10 years post‐PEA was lower in patients with normal
mean pulmonary arterial pressure (89.0%) compared
with those with residual PH (67.9%).48

These outcome data should be interpreted in the
historical context of the study: the usage of BPA and
medical therapies in the Czech Republic was confined to
the very end of this study's observation period. This al-
lows for the observation of the natural history of CTEPH
and the impact of PEA alone on survival, thus providing
a point of reference against which future studies can
measure the impact of new treatment options. Multi-
modal management of CTEPH is now recommended by
the guidelines and is likely to improve survival outcomes
in CTEPH patients.5,8,10,16,33,49 BPA has been performed
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routinely in the Czech Republic since 2017 and a recent
study that included 25 patients with CTEPH who com-
pleted their series of BPA procedures between 2013 and
2019 reported significant improvements in their NYHA
FC, 6MWD, PVR and quality of life following the pro-
cedure (median of 4 months [95% CI: 2.0; 14.0] after the
last BPA).25

The strengths of this study are the national coverage
afforded by the single national expert center, the use of
comprehensive data from the national databases (IHIS
CR), and the ability of the study to provide a basis for
future studies by virtue of being conducted when PEA
was the only treatment option. In this study, survival was
estimated since diagnosis for all groups. This could have
led to an immortal‐time bias when reporting the survival
in the group “operated” as, per definition, patients who
were categorized as operated could not have died in the
time period between diagnosis and PEA surgery, whereas
not‐operated patients may have died any time since di-
agnosis. Therefore, the survival outcomes in the operated
and not‐operated populations should be compared with
caution, though it is not believed to have a major impact
on the substantial difference observed between these two
groups due to the limited time reported between diag-
nosis and surgery.

In conclusion, this historical cohort study is a com-
prehensive and robust description of the epidemiology
and outcomes of CTEPH in the Czech Republic, during a
time period in which there was access to PEA surgery but
limited use of BPA and medical treatment options. As
such, it indicates that there is an unmet need for the
treatment of not‐operated patients and operated patients
with residual PH. Future studies are needed to ascertain
the extent to which multimodal management of the
disease can address this unmet need, using these data as
a historical reference.
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