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Abstract
Background Patients with chronic thromboembolic pulmonary hypertension (CTEPH) in countries with limited resources 
have, to date, been poorly represented in registries.
Objective This work assesses the epidemiology, diagnosis, hemodynamic and functional parameters, and treatment of 
CTEPH in Russia, Kazakhstan, Turkey, Lebanon, and Saudi Arabia.
Methods A prospective, cohort, phase IV, observational registry with 3-year follow-up (n = 212) in patients aged ≥ 18 years 
diagnosed with CTEPH was created. Clinical, hemodynamic, and functional parameters were obtained at an initial visit, 
follow-up visits, and a final visit at the end of 3 years’ observation or end of follow-up. Data were recorded on electronic 
case report forms. Parameters evaluated included 6-minute walking distance (6MWD), use of pulmonary endarterectomy 
(PEA), balloon pulmonary angioplasty (BPA), pulmonary hypertension (PH)-targeted therapy, and survival. All statistical 
analyses were exploratory and descriptive, and were performed in the overall population.
Results The most common symptoms were typical of those expected for CTEPH. Almost 90% of patients underwent right 
heart catheterization at diagnosis or initial study visit. In total, 66 patients (31%) underwent PEA before the initial visit; 95 
patients (45%) were considered operable, 115 (54%) were inoperable, and two (1%) had no operability data. Only 26 patients 
(12%) had been assessed for BPA at their initial visit. PH-targeted therapy was documented at diagnosis for 77 patients 
(36%), most commonly a phosphodiesterase type 5 inhibitor (23%). Use of PH-targeted therapy increased to 142 patients 
(67%) at the initial visit, remaining similar after 3 years. Use of riociguat increased from 6% of patients at diagnosis to 38% 
at 3 years. Between baseline and end of observation, results for patients with paired data showed an increase in 6MWD. 
Survival at the end of observation was 88%.
Conclusions These data highlight the current diagnosis and management of CTEPH in the participating countries. They 
show that early CTEPH diagnosis remains challenging, and use of off-label PH-targeted therapy is common. ClinicalTrials.
gov: NCT02637050; registered December 2015.
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Diagnosis and treatment patterns of chronic 
thromboembolic pulmonary hypertension (CTEPH) 
in Russia, Kazakhstan, Turkey, Lebanon, and Saudi 
Arabia: a registry study
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Key messages: 
Early CTEPH diagnosis is challenging
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Use of PEA and BPA

Undergone at 
initial visit, n (%)

During 
follow-up, n (%)

PEA 66 (31) 27 (13)

BPA 6 (3) 23 (11)

BPA: balloon pulmonary angioplasty; 
PEA: pulmonary endarterectomy

Mean age at initial visit (years) 54

Female sex, n (%) 135 (64)

Mean time between symptoms 
and diagnosis, years

2.2

World Health Organization 
functional class, n (%)
     Not assessed
     I
     II
     III
     IV

32 (15)
23 (11)
59 (28)
84 (40)
14 (7)

Operability for PEA at initial 
visit, n (%)
    Operable
    Inoperable
    Data not available

95 (45)
115 (54)
2 (1)

International, prospective, 
non-interventional registry in 
countries poorly represented in 
other registries: 3-year follow-up

Patient characteristics

Kazakhstan
11 (5%)

Lebanon
1 (<1%)

Russia
89 (42%)

Turkey
57 (27%)

Saudi
Arabia

54 (25%)
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Key Points 

The authors performed a non-interventional registry 
study of the diagnosis and treatment of 212 patients 
with chronic thromboembolic pulmonary hypertension 
(CTEPH) in Russia, Kazakhstan, Turkey, Lebanon, and 
Saudi Arabia over 3 years.

Almost 90% of patients underwent right heart cath-
eterization at diagnosis or initial study visit, while other 
diagnostic techniques were performed less frequently, 
possibly reflecting limited resources.

These results show that early CTEPH diagnosis remains 
challenging in countries with limited resources.

1 Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH) 
is characterized by obstruction of pulmonary arterial vessels 
by organized thromboembolic material; a CTEPH cumula-
tive incidence of up to ~ 9% has been reported following 
an acute pulmonary embolism (PE) event [1]. The patho-
physiological mechanisms underlying CTEPH are complex; 
they include changes to the pulmonary vascular bed such 
as remodeling and microvasculopathy, which increase pul-
monary vascular resistance (PVR); this in turn drives right 
ventricular (RV) responses to the increased RV afterload [1, 
2]. With progressive disease, the RV remodels to adapt to the 
increased afterload until it has no further capacity to do so. 
From this point maladaptive remodeling occurs; this eventu-
ally results in RV dysfunction, which can progress to right 
heart failure and be fatal [3–11]. The symptoms of CTEPH 
are similar to those of other types of pulmonary hyper-
tension (PH), and therefore a specific sequence of tests is 
required to make the diagnosis [8, 12–15]. Following echo-
cardiography to estimate the probability of PH, a ventilation/
perfusion (V/Q) scan is the recommended screening test for 
CTEPH [8, 12–15], followed by confirmation of the diag-
nosis and disease severity using right heart catheterization 
(RHC). Depending on the patient and resources available, 
other imaging tests such as (computed tomography) pulmo-
nary angiography and cardiac magnetic resonance imag-
ing may be used for imaging of pulmonary vessel lesions 
and morphology to assess RV structure and function and 
to evaluate eligibility for pulmonary endarterectomy (PEA) 
[1, 2, 8, 12–15].

PEA is the treatment of choice for CTEPH as it is 
potentially curative, with a short-term mortality < 3% if 

performed in expert centers [6, 14–21]. For patients with 
non-operable or persistent/recurrent CTEPH, the oral solu-
ble guanylate cyclase (sGC) stimulator riociguat [22, 23] and 
the subcutaneous prostacyclin analog (PCA) treprostinil [24] 
are the only targeted medical treatments approved in Europe 
[6, 15, 25–27]. Therapies licensed for the treatment of pul-
monary arterial hypertension—PCAs other than treprostinil, 
endothelin receptor antagonists (ERAs), and phosphodies-
terase type 5 inhibitors (PDE5is)—are often prescribed off-
label to patients with CTEPH [6, 28] despite the absence of 
clear benefits [29–34]. For patients with inoperable CTEPH, 
balloon pulmonary angioplasty (BPA) is another treatment 
option [6, 15], although it should be performed only in 
experienced, high-volume CTEPH centers [35, 36]. Medi-
cal therapy is frequently given before BPA to stabilize the 
patient or improve hemodynamics before the procedure and 
is generally continued afterward. While medical therapy in 
conjunction with BPA has not been systematically evaluated, 
the ancillary extension to the RACE study suggests that this 
option is feasible [37].

The diagnosis and management of CTEPH have been 
assessed in the International CTEPH Registry in Canada 
and Western/Central European countries [7, 19, 38], while 
the worldwide prospective CTEPH Registry encompasses 
the USA, Japan, Taiwan, and many countries in Europe, 
including the Russian Federation [39]. The US CTEPH 
Registry has also reported results [40], and a retrospec-
tive observational single-center study in the Netherlands 
assessed clinical outcomes of macitentan therapy in patients 
with non-operated CTEPH or with residual PH after PEA 
[41]. The Russian National Registry reported demographic 
and clinical characteristics of 727 newly diagnosed patients 
with PH including 206 with CTEPH [42]. The Systematic 
Prospective Follow Up for Better Understanding of Clini-
cal Characteristics of Patients with Pulmonary Hyperten-
sion Disease (SAUDIPH) registry in Saudi Arabia reported 
preliminary results from patients with CTEPH [43]. Most 
patients had advanced disease (World Health Organization 
functional class III or IV) at baseline, suggesting that diag-
nosis was often delayed, but patients were diagnosed and 
managed according to international guidelines, and cumu-
lative probability of survival at 1 year was 96.6%. The first 
PH registry in the United Arab Emirates (UAE) recently 
reported the baseline characteristics of 34 patients with 
CTEPH [44]. Other than these reports, there are few avail-
able registry CTEPH data for other Eastern European coun-
tries or the Middle East. The CTEPH registry reported here 
was designed to assess data regarding CTEPH epidemiology, 
the use of diagnostic techniques at baseline, initial visit, and 
during the study, the use of PEA-, BPA-, and PH-approved 
medical therapies, and clinical parameters at diagnosis and 
under treatment in Russia, Kazakhstan, Turkey, Lebanon, 
and Saudi Arabia. The aim was to improve understanding 
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o Signs and symptoms, clinical subtypes of CTEPH, 
risk factors for CTEPH, prior PE/venous thrombo-
embolism (VTE), concomitant diseases, and medi-
cation

• Mode of diagnosis and follow-up for CTEPH
• Timespan between onset of symptoms and CTEPH diag-

nosis, use of imaging studies, and other tests.
• Treatment at time of diagnosis and afterwards, including 

use of PH-targeted therapies. PH-targeted therapy was 
defined as PDE5is, ERAs, PCAs, sGC stimulators, pros-
tacyclin agonists, tyrosine kinase inhibitors, or calcium 
channel blockers (CCBs), classified by World Health 
Organization Drug Dictionary Drug Record number and 
Anatomic Therapeutic Chemical code. The number of 
patients with monotherapy or combination PH therapy 
at initial visit was recorded. Combination PH therapy at 
initial visit was further classified as sequential combi-
nation therapy or upfront (initial) combination therapy. 
Sequential combination therapy was defined as a sec-
ond or third PH-targeted drug added over time until the 
time of initial visit. Upfront (initial) combination therapy 
started with a combination of at least two PH-targeted 
drugs at the same time or within a few days, with no 
further PH-targeted drug added until the time of initial 
visit

• PEA eligibility and outcomes
• BPA eligibility
• Long-term outcomes

o WHO FC, N-terminal prohormone of brain natriu-
retic peptide (NT-proBNP), survival (all-cause 
mortality), number of healthcare professional vis-
its, length of hospitalization due to CTEPH, and 
CTEPH-related complications

Data were obtained at initial visit, follow-up visits, and a 
final visit at the end of 3 years’ observation or end of follow-
up. All data were collected during routine clinic visits: the 
study or its documentation did not affect routine treatment 
in any way. Historic data (demographic and clinical charac-
teristics) were collected from medical records if available, 
or by interviewing the patient. The variables documented at 
initial visit, follow-up visits, and final visit are presented in 
the Online Resource, Supplementary Table 1.

At all participating centers, data were collected via elec-
tronic case report forms (eCRFs) for standardization, using 
an electronic data capture system. All data underwent medi-
cal review for plausibility, consistency, and completeness, 
and to identify potential issues that could have affected the 
robustness of the collected study data or the progress of the 
study. Data for adverse events (AEs) and serious adverse 
events (SAEs) occurring during treatment with any drug pro-
vided by the study sponsor were collected at every visit and 

of patient management and medical resources in these coun-
tries. Here, we present the baseline and 3-year follow-up 
data.

2  Methods

This was an international, prospective cohort, phase IV 
observational registry (NCT02637050) with all decisions 
on diagnostic- and treatment-related procedures made at the 
discretion of the attending physician according to their medi-
cal practice. Data collection started on 3 March 2016 and 
was completed on 3 July 2020. All participating study sites 
were expert PH centers. Site selection criteria were based on 
the potential for patient enrollment, familiarity with research 
quality standards such as good pharmacovigilance practice, 
and availability of dedicated resources. The observation 
period was 3 years from study inclusion or until withdrawal, 
death, transfer to another physician, or loss to follow-up.

2.1  Inclusion and exclusion criteria

Enrolled patients were ≥ 18 years of age and diagnosed with 
CTEPH, regardless of current treatment, with a mean pul-
monary artery pressure ≥ 25 mmHg at rest and a pulmonary 
arterial wedge pressure ≤ 15 mmHg as measured by RHC. 
Confirmation of CTEPH diagnosis by at least one segmental 
perfusion defect in V/Q scan, or pulmonary artery obstruc-
tion observed by multidetector CT pulmonary angiography 
or conventional pulmonary cineangiography, was required 
for inclusion. Patients with suspicion or diagnosis of sub-
acute PE were required to have ≥ 3 months of anticoagula-
tion therapy before diagnosis of CTEPH. Patients diagnosed 
with CTEPH < 6 months before the initial visit and who 
did not receive PH-targeted therapy were classified as inci-
dent. Patients who did not meet these criteria were defined 
as prevalent. Patients with an underlying medical disorder 
that could have jeopardized the safety of the patient or their 
compliance in the study or could have resulted in an antici-
pated life expectancy of < 6 months were excluded.

2.2  Endpoints and Assessments

The primary objective of this registry was to evaluate the 
clinical course of CTEPH through assessment of clinical, 
hemodynamic, and functional parameters in routine medical 
practice. These parameters included 6-minute walking dis-
tance (6MWD), PVR, cardiac index (CI), mean pulmonary 
artery pressure, and World Health Organization functional 
class (WHO FC) between initial and final visit. The second-
ary objective was to collect additional disease-related data:

• Baseline demographics and characteristics
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documented on the eCRF. AEs and SAEs occurring while 
patients were receiving drugs from manufacturers other 
than the study sponsor were reported to the manufacturer in 
accordance with local regulations. AE data are not presented 
in this report, as patients receiving sponsor drugs might not 
have been representative of the entire study population.

2.3  Statistical Analysis

All statistical analyses were exploratory and descriptive and 
were performed in the overall population. The study was 
not designed to confirm or reject pre-defined hypotheses. 
No formal sample size calculation was performed. Since 
CTEPH is a rare disease and may be underdiagnosed in the 
countries represented in the registry, the number of patients 
to be recruited was set to 200 to ensure that in each coun-
try, patients could be enrolled within the planned recruiting 
period; the exact number of patients for each country was not 
specified. Follow-up data were collected at 3 years after the 
initial visit or at the most recent visit with available docu-
mentation (last documented visit). Missing or implausible 
data were queried, and the data were validated. Where avail-
able, data were analyzed at each visit, by 3-month intervals, 
and at the last visit. Rules for dealing with missing or partial 
information were implemented to avoid excluding subjects 
with missing or partially complete data, as shown in the 
Online Resource, pages 1–3.

All variables were analyzed descriptively: categorical 
variables by frequency tables (absolute and relative fre-
quencies) and continuous variables by sample statistics [i.e., 
number of observations, mean, standard deviation (SD), 
minimum, median, quartiles, and maximum]. Continuous 
variables were described by absolute value and as change 
from initial visit to analysis time point, if applicable. All 
mortality data were evaluated using Kaplan–Meier methods 
with patients alive at the end of the study censored at their 
last visit date. Annual hospitalization rates, defined as the 

number of hospitalizations divided by the person-years of 
follow-up, were calculated per patient-year.

Institut Dr. Schauerte GbR, Munich, Germany had full 
access to all the registry study data and takes responsibility 
for its integrity and the data analysis.

3  Results

3.1  Study Population

Data presented here are 3-year follow-up data with a cut-off 
of 10 September 2020. Between March 2016 (start of data 
collection) and June 2017 (end of enrollment), 234 patients 
were enrolled in the registry from 25 study centers: 10 in 
Turkey, 8 in the Russian Federation, 3 in Saudi Arabia, 2 in 
Kazakhstan, 1 in Kyrgyzstan, and 1 in Lebanon. Two sites—
one in Kazakhstan and one in Kyrgyzstan—were terminated 
due to ongoing inactivity.

Patient disposition is presented in Fig. 1.
In total, 146 patients (69% of the overall population) met 

all the formal inclusion criteria. A further 66 patients (31%) 
did not meet these criteria, as they had data in the eCRF at 
the time of diagnosis or initial visit that were inconsistent 
with either pulmonary capillary wedge pressure (PCWP) ≤ 
15 mmHg or mean pulmonary artery pressure (mPAP) ≥ 25 
mmHg (50 patients, 24%) and/or they had no confirmation 
of CTEPH by imaging (23 patients, 11%). However, these 
patients were included in the study because hemodynamic 
data consistent with CTEPH were obtained by other tests, 
other imaging studies were available, or the explanation 
for RHC data outside the formal criteria was accepted by 
the investigator. In total, 22 patients were excluded, mainly 
because of lack of follow-up information and/or protocol 
violations. Consequently, 212 patients were included in the 
3-year follow-up (Russian Federation, n = 89, 42%; Tur-
key, n = 57, 27%; Saudi Arabia, n = 54, 25%; Kazakhstan, 

Fig. 1  Patient disposition. 
aMultiple reasons were possible 
for exclusion. bTwo patients 
had their eligibility assessment 
documented after PEA was per-
formed. cIncluding five patients 
previously assessed as inoper-
able. BPA balloon pulmonary 
angioplasty, PEA pulmonary 
endarterectomy

All patients enrolled: n = 234

All patients at cut-off: n = 212

Not documented: n = 2 Not assessed: n = 186

Operable: n = 95 Assessed: n = 26

PEA performedc: n = 66

Non-operable: n = 115

•  Distal disease: n = 39

•  Comorbidities: n = 49

•  Non-patient-related 

   factors: n = 27

PEA eligibility

assessmentb

BPA eligibility

assessment

BPA performed: n = 6

BPA not performed: n = 20

•  No follow-up information: n = 16

•  Protocol violation: n = 11

•  Early screening failure: n = 1

•  Late screening failure: n = 3

•  Loss of informed consent: n = 1

Excluded: n = 22a
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n = 11, 5%; Lebanon, n = 1, < 1%). Of the 212 patients, 
31 (15%) were incident and 181 (85%) were prevalent. The 
median (range) observation time was 990 (45−1378) days. 
Demographics for the patients included in the 3-year follow-
up are presented in Table 1.

3.2  Patient Characteristics and Diagnostic 
Procedures

CTEPH risk factors, symptoms, hemodynamics, and func-
tional class of the 212 patients included in the analysis are 
presented in Table 2.

At the time of diagnosis, the most common symptoms 
were shortness of breath (92%), fatigue (42%), and edema 
(35%). At the initial visit, the most common documented risk 
factors for CTEPH were VTE (42%) and antiphospholipid 
antibody syndrome (14%), and the most common symptoms 
were shortness of breath (73%), fatigue (39%), and chest 
discomfort (25%). A history of VTE was documented at the 
initial visit in 145 patients (68%). (Investigators provided 
data on VTE as part of the medical history and separately as 

a risk factor for CTEPH. The difference between these two 
results suggests that investigators did not always consider 
VTE a risk factor for CTEPH.)

At diagnosis, the mean (SD) value for mPAP was 52.7 
(16.3) mmHg, PVR was 10.5 (7.8) WU, cardiac index was 
2.3 (0.7) L/min/m2, and PCWP was 11.7 (5.4) mmHg, 
and the majority of patients were in WHO FC III (40%) 
(Table 2).

Baseline characteristics of the patients who did not 
meet the formal diagnostic entry criteria as outlined above 
(n = 66) were generally similar to those who did meet the 
entry criteria (n = 146) (Online Resource, Supplementary 
Table 2). However, the subgroup who did not meet the cri-
teria tended to live further from the specialist center, had a 
lower prevalence of VTE at initial visit, and had higher base-
line NT-proBNP levels than patients who met the criteria.

Diagnostic tests documented are presented in Table 3. 
The most common imaging tests used to confirm CTEPH 
diagnosis were V/Q scintigraphy only and V/Q scintigraphy 
plus pulmonary angiography and CT angiography (Table 4). 
In total, 23 patients (11%) did not undergo any diagnostic 
imaging. Despite the inclusion criteria mandating RHC, 24 
patients (11%) did not undergo RHC at the time of diagnosis 
or initial visit.

At diagnosis, 102 patients underwent V/Q scintigraphy, 
which showed a defect in 94 patients (92%). At the initial 
visit, 48 patients had a V/Q scan, with defects observed in 
45 patients (94%). At diagnosis and initial visit, 70 and 49 
patients, respectively, underwent pulmonary angiography; 
38 (54%) and 30 (61%), respectively, had findings consist-
ent with CTEPH. At diagnosis and initial visit, 139 and 68 
patients, respectively, underwent CT angiography, show-
ing findings consistent with CTEPH in 75 patients (54%) 
and 38 patients (56%), respectively (Table 5). A total of 
91 patients and 36 patients underwent CT at diagnosis 
and initial visit, respectively, showing findings consistent 
with CTEPH in 54 patients (59%) and 16 patients (44%) 
(Table 5). Echocardiographic parameters at the time of diag-
nosis and initial visit are presented in the Online Resource, 
Supplementary Table 3.

3.3  Operability Assessment and Surgical 
Intervention

At the time of initial visit, 66 patients (31%) had under-
gone PEA. The mean (SD) time between CTEPH diagno-
sis and PEA was 312.5 (421.3) days (data available for 63 
patients). At initial visit, 95 patients (45%) were considered 
operable, while 115 (54%) were considered inoperable, and 
two patients (1%) had no operability data. During the 3-year 
follow-up, 27 patients (13%) underwent PEA; two of these 
patients (7%) died in hospital.

Table 1  Patient demographics

Percentages are for all 212 patients unless indicated
SD standard deviation
a Multiple ethnicity, risk factors, or symptoms could be reported

Characteristic Patients (N = 212)

Female, n (%) 135 (64)
Age (years), mean ± SD
 At diagnosis 52 ± 15
 At initial visit 54 ± 15

Age at initial visit, years, n (%)
 < 65 153 (72)
 ≥ 65 59 (28)

Body mass index (kg/m2), mean ± SD 30.6 ± 7.2 (n = 184)
Ethnicity,a n (%)
 White 182 (86)
 Black/African American 0 (0)
 Asian 32 (15)
 Not reported 1 (< 1)

Smoking status, n (%)
 Never smoked 180 (85)
 Former smoker 22 (10)
 Current smoker 9 (4)
 Not documented (missing) 1 (< 1)

Distance of residence from specialist center, km, n (%)
 < 100 96 (45)
 100 to < 300 14 (7)
 ≥ 300 77 (36)
 Not determined 25 (12)
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At initial visit, 26 patients (12% of the population) had 
been assessed for BPA eligibility and during the study, 
37 patients (17%) were assessed for BPA. Patients were 
assessed for BPA up to five times during the study, and 
therefore a total of 47 patients (22%) were assessed for 
this procedure by study end.

3.4  Reasons for Inoperability

Of the 115 patients who were considered inoperable at the 
initial visit, the most common reason for inoperability was 
comorbidities (n = 49; 43%), followed by distal disease (n = 
39; 34%), and inability to operate (non-patient-related fac-
tors) (n = 27; 23%).

Table 2  CTEPH risk factors, 
symptoms, hemodynamics, and 
functional class at initial visit or 
diagnosis

Percentages are for all 212 patients unless indicated
6MWD 6-minute walk distance, CI cardiac index, CO cardiac output, CTEPH chronic thromboembolic pul-
monary hypertension, mPAP mean pulmonary arterial pressure, PCWP pulmonary capillary wedge pres-
sure, PVR pulmonary vascular resistance, RAP right atrial pressure, SD standard deviation, VTE venous 
thromboembolism, WHO World Health Organization, WU Wood unit
a Multiple ethnicity, risk factors, or symptoms could be reported

Characteristic Patients (N = 212)

Risk factors for CTEPH documented at initial  visita, n (%)
 VTE 89 (42)
 Antiphospholipid antibody syndrome 29 (14)
  Antiphospholipid antibodies 25 (12)
  Lupus anticoagulant 11 (5)

 Thyroid hormone replacement therapy 10 (5)
 Large thrombus mass 9 (4)
 Splenectomy 6 (3)
 Elevated plasma concentrations of factor VIII 3 (1)
 Ventriculoatrial shunt 0 (0)
 Infected pacemaker 0 (0)
 None 52 (25)
 No assessment of risk factors 49 (23)

Symptoms documented at diagnosis/initial  visita, n (%)
 Shortness of breath 196 (92)/155 (73)
 Fatigue 90 (42)/83 (39)
 Edema 74 (35)/49 (23)
 Chest discomfort 63 (30)/52 (25)
 Cyanosis 24 (11)/24 (11)
 No symptoms documented 1 (< 1)/10 (5)

History of VTE, n (%) 145 (68)
Length of hospitalization for past VTE before initial visit (days), mean ± SD 22 ± 51 (n = 64)
Time between symptoms and diagnosis (years), mean ± SD 2.2 ± 3.0
6MWD (m), mean ± SD 337.1 ± 118.1
Hemodynamic values at diagnosis, mean ± SD
 RAP (mmHg) 12.9 ± 11.0 (n = 123)
 CO (L/min) 4.0 ± 1.5 (n = 109)
 CI (L/min/m2) 2.3 ± 0.7 (n = 104)
 PCWP (mmHg) 11.7 ± 5.4 (n = 133)
 mPAP (mmHg) 52.7 ± 16.3 (n = 149)
 PVR (WU) 10.5 ± 7.8 (n = 111)

WHO functional class, n (%)
 Not assessed 32 (15)
 I 23 (11)
 II 59 (28)
 III 84 (40)
 IV 14 (7)
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3.5  Medical Treatment

At diagnosis, PH-targeted medical therapy (i.e., calcium 
channel blocker, PCA, PDE5i, or sGC stimulator) was docu-
mented for 77 patients (36%). The most commonly recorded 
therapy was a PDE5i, while fewer than 10% of patients 
received an sGC stimulator, ERA, CCB, or PCA (Fig. 2a). 
At the initial visit, PH-targeted therapy was documented for 
142 patients (67%). Compared with diagnosis, the use of 
PH-targeted therapies, especially sGC stimulators, increased 
between diagnosis and initial visit, with little change there-
after (Fig. 2a). Use of PH-targeted monotherapy increased 
between diagnosis and initial visit and declined thereafter, 
while use of combination therapy increased throughout 
the study (Fig. 2b). The most commonly used combina-
tions were PDE5i plus ERA, ERA plus sGC stimulator, 

and inhaled PCA plus sGC stimulator (Fig. 2c). Daily doses 
of PH-targeted therapy at initial visit are presented in the 
Online Resource, Supplementary Table 4. Median dura-
tion of PH-targeted monotherapy at the initial visit ranged 
from 75 days in patients receiving macitentan to 718 days 
in patients receiving inhaled iloprost.

PH-targeted therapies in patients with confirmed operabil-
ity status are presented in the Online Resource, Supplemen-
tary Table 5. At initial visit a higher proportion of inoperable 
patients (88/115; 77%) was documented as receiving PH-tar-
geted therapy compared with operable patients (42/95; 44%). 
The most commonly used therapies at baseline were rioc-
iguat in inoperable patients and PDE5i in operable patients. 
At 3 years, 21 of 29 inoperable patients (72%) and 11 of 18 
operable patients (61%) were documented as receiving PH-
targeted therapy. The most commonly used therapy at 3 years 
was riociguat in both inoperable and operable patients.

In total, 97 patients (46%) were receiving anticoagulation 
at diagnosis, compared with 168 (79%) at initial visit and 
110 (52%) at study end. The most commonly documented 
antithrombotic agents at the time of diagnosis were warfarin 
(n = 64; 30%) and rivaroxaban (n = 22; 10%). This was also 
true at initial visit (48% and 24% of patients, respectively) and 
study end (30% and 18% of patients, respectively).

3.6  Balloon Pulmonary Angioplasty

At initial visit, 6 (23%) of the 26 patients assessed for BPA 
eligibility had undergone BPA. During the study, 23 patients 
(11%) underwent BPA, including 2 patients (1%) who had also 
undergone BPA at initial visit, resulting in 27 patients (13%) 
who underwent BPA in total.

Table 3  Diagnostic tests documented

Data are n (%) of the total population (n = 212). Patients shown as undergoing a test during follow-up may have done so at more than one 
follow-up visit
CT computed tomography, MR magnetic resonance, RHC right heart catheterization, V/Q ventilation/perfusion

Test Only at 
diagnosis

Only at 
initial visit

At diagnosis 
and initial 
visit

Only 
during 
follow-up

At diagnosis 
and  
follow-up

At initial 
visit and 
follow-up

At diagnosis, 
initial visit, 
and follow-up

At any 
time

Never

CT 67 (32) 10 (5) 22 (10) 2 (1) 0 (0) 2 (1) 2 (1) 105 (50) 107 (50)
CT angiography 85 (40) 15 (7) 43 (20) 2 (1) 4 (2) 3 (1) 7 (3) 159 (75) 53 (25)
Chest ultrasonography 9 (4) 5 (2) 8 (4) 3 (1) 1 (< 1) 0 (0) 2 (1) 28 (13) 184 (87)
Electrocardiography 37 (17) 21 (10) 76 (36) 4 (2) 12 (6) 4 (2) 27 (13) 181 (85) 31 (15)
Echocardiography 48 (23) 14 (7) 91 (43) 1 (< 1) 13 (6) 4 (2) 28 (13) 199 (94) 13 (6)
MR 2 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (1) 210 (99)
MR angiography 3 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (1) 209 (99)
Pulmonary angiog-

raphy
43 (20) 21 (10) 16 (8) 7 (3) 7 (3) 8 (4) 4 (2) 106 (50) 106 (50)

RHC 72 (34) 31 (15) 35 (17) 10 (5) 24 (11) 18 (8) 8 (4) 198 (93) 14 (7)
V/Q scintigraphy 75 (35) 24 (11) 21 (10) 6 (3) 6 (3) 3 (1) 0 (0) 135 (64) 77 (36)

Table 4  Imaging diagnostic tests performed to confirm CTEPH at 
diagnosis or initial visit

CT computed tomography, CTEPH chronic thromboembolic pulmo-
nary hypertension, V/Q ventilation/perfusion

Imaging diagnostic confirmation, n (%) Patients (n = 212)

V/Q scintigraphy only 38 (18)
V/Q scintigraphy + pulmonary angiography + 

CT angiography
38 (18)

V/Q scintigraphy + CT angiography 37 (17)
Pulmonary angiography + CT angiography 31 (15)
CT angiography only 28 (13)
Pulmonary angiography only 9 (4)
V/Q scintigraphy + pulmonary angiography 8 (4)
No imaging 23 (11)
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3.7  Clinical Outcomes

Clinical parameters were analyzed descriptively and no formal 
statistical analyses were performed. On the basis of all avail-
able data at initial visit and last documented visit, 6MWD 
increased, the distribution of WHO FC showed a trend toward 
improvement, NT-proBNP and PVR decreased, and CI 
showed no change (data not shown). Paired data for patients 
with data available at both timepoints (Table 6) indicated an 
increase in 6MWD by 32 ± 130 m (n = 78) and an increase 
in NT-proBNP of 269 ± 2279 ng/mL (n = 45) from initial to 
last documented visit. There were too few patients with paired 
data for CI or PVR (n = 3 and 2, respectively) to permit mean-
ingful analysis. Changes in vital signs from initial visit to last 
observation were small and unlikely to be clinically relevant.

3.8  Hospitalization Due to CTEPH or CTEPH 
Complications

During the observation period, complete data were available 
for 130 hospitalizations occurring in 72 patients, most of whom 
(44/72) had one admission, but one had eight admissions. The 
mean (SD) duration of hospitalization was 13.2 (14.5) days, and 
the overall hospitalization rate was 0.226 per patient-year, with 
a tendency to decrease during the study (from 0.322 per patient-
year in 2016 to 0.103 per patient-year in 2020).

3.9  Survival Analysis

The survival analysis for all-cause mortality showed an end-
of-observation survival rate of 88% with a mean ± standard 
error survival time of 975.1 ± 13.6 days (Fig. 3).

4  Discussion

This prospective registry assessed the demographics, clini-
cal characteristics, diagnostic techniques, operability assess-
ments, and treatment of patients with CTEPH in Russia, 
Kazakhstan, Turkey, Lebanon, and Saudi Arabia. The study 
design allowed trends in the study population for the diag-
nosis of CTEPH and its real-life clinical management over 
time to be evaluated in these countries. Although approxi-
mately 31% of patients did not meet the formal entry criteria, 
they were included in the study because other evidence for 
CTEPH was available. Baseline characteristics for the sub-
group of patients who met the formal entry criteria and those 
with inclusion criteria confirmed via other information were 
generally similar; therefore, the latter patients were included 
to reflect the situation in the countries covered by the regis-
try, in which cost constraints can restrict the availability of 
diagnostic tests.

Our results show that almost 90% of patients underwent 
RHC at diagnosis or initial study visit. PEA was widely used 
in the centers participating in this study: almost one-third 
of patients had undergone this procedure before the initial 
visit. By contrast, only 12% of patients had been assessed for 
BPA at their initial visit, suggesting underuse of this proce-
dure, despite over half of the patients (54%) being consid-
ered inoperable. Use of PH-targeted therapy increased from 
diagnosis to the initial visit, remaining similar thereafter. 
Survival at the end of observation was 88%.

The patients in this registry were younger than those in 
some other registries, including the International CTEPH 
Registry (Europe and Canada) [45], the US CTEPH Reg-
istry [40], the worldwide prospective registry [39], the 

Table 5  Pulmonary angiography, CT angiography, and CT findings at time of diagnosis and initial visit

a Assessment of the image made at the visit indicated. It does not necessarily refer to the initial acute PE, which may have happened years before 
the onset of CTEPH
CT computed tomography, CTEPH chronic thromboembolic pulmonary hypertension, PE pulmonary embolism

Specification, n (%) Pulmonary angiography CT angiography CT

Diagnosis (n = 70) Initial visit (n 
= 49)

Diagnosis (n 
= 139)

Initial visit (n 
= 68)

Diagnosis (n = 91) Initial 
visit (n = 
36)

Missing − − 2 (1) 5 (7) 2 (2) 3 (8)
Consistent with CTEPH 38 (54) 30 (61) 75 (54) 38 (56) 54 (59) 16 (44)
Not consistent with CTEPH 2 (3) 0 (0) 1 (1) 1 (1) 3 (3) 0 (0)
Perfusion defect
 Lobar 14 (20) 9 (18) 14 (10) 8 (12) 9 (10) 4 (11)
 Segmental 23 (33) 16 (33) 16 (12) 8 (12) 9 (10) 6 (17)
 Subsegmental 6 (9) 5 (10) 4 (3) 1 (1) 3 (3) 1 (3)

PEa

 Massive 3 (4) 5 (10) 16 (12) 3 (4) 8 (9) 3 (8)
 Submassive 6 (9) 3 (6) 10 (7) 2 (3) 3 (3) 3 (8)
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single-center study in the Netherlands [41], or the UAE 
Registry [44]. They were also younger than other studies, 
including the Giessen PH registry in Germany [46], the 
COMPERA (Comparative, Prospective Registry of Newly 
Initiated Therapies for Pulmonary Hypertension) registry 
[47], a study from Germany which included patients from 
COMPERA and three German referral centers [48], and a 
large cohort study in Canada [49]. By contrast, the mean 
age at diagnosis of patients with CTEPH in the SAUDIPH 
Registry was approximately 40 years, reflecting the young 
age of the overall Saudi population [43]. Compared with 
these registries, the distribution of WHO FC at initial visit 
was more favorable in the current study, whereas the mean 
pulmonary artery pressure, PVR, right atrial pressure, and 
PCWP were higher. Compared with the Russian National 
Registry [42], the patients in the current study had a similar 

mean age, a more favorable distribution of WHO FC, and 
a higher mean RAP and PCWP, but it should be noted that 
the Russian National Registry recruited newly diagnosed 
patients.

In the current study, 68% of patients presented with a his-
tory of a previous VTE. This was a slightly lower proportion 
than in the International CTEPH Registry (81% in operable 
and 72% in non-operable patients) [45], the German study 
(76%) [48], COMPERA (72%) [47], the single-center study 
in the Netherlands (78% in clinically inoperable patients; 
80% in technically inoperable patients or those with residual 
PH after PEA) [41], the UAE Registry (78% of patients had 
a history of PE) [44], or the Russian National Registry (53% 
and 27.2% of patients had a history of deep vein thrombosis 
or PE, respectively) [42]. Despite guideline recommenda-
tions stating that patients with CTEPH should receive life-
long anticoagulation therapy [6, 15], only 79% and 52% of 
patients were documented as receiving anticoagulation at 
initial visit and study end, respectively. This may be a result 
of underreporting. Other risk factors previously identified 
for CTEPH, such as antiphospholipid antibody syndrome, 
splenectomy, and elevated plasma factor VIII levels [1] were 
also observed in the current study although the latter was 
reported at a lower incidence than previously reported; ven-
triculoatrial shunt and infected pacemaker were not observed 
as risk factors. The most common symptoms at diagno-
sis and initial visit (e.g., shortness of breath, fatigue, and 

Fig. 2  a Percentage of patients receiving PH-targeted therapies (mul-
tiple treatments were possible at one timepoint), b percentage of 
patients receiving monotherapy or combination therapy, c combina-
tion therapies received. Data are expressed as a percentage of the total 
population (n = 212). Patients receiving only CCB or tyrosine kinase 
inhibitor are not shown. Monotherapy at initial visit: sildenafil (21%); 
tadalafil (< 1%); macitentan (2%); bosentan (1%); iloprost (2%); rioc-
iguat (21%). CCB calcium channel blocker, ERA endothelin recep-
tor antagonist, PCA prostacyclin analog, PDE5i phosphodiesterase 
type 5 inhibitor, PH pulmonary hypertension, sGC soluble guanylate 
cyclase

◂

Table 6  Assessment of clinical 
parameters using paired data

6MWD 6-min walking distance, bpm beats per min, CI cardiac index, DBP diastolic blood pressure, mPAP 
mean pulmonary arterial pressure, ND not documented, NE not examined, NT-proBNP N-terminal prohor-
mone of brain natriuretic peptide, PCWP pulmonary capillary wedge pressure, PVR pulmonary vascular 
resistance, RAP right atrial pressure, SBP systolic blood pressure, SD standard deviation, WU Wood unit

Initial visit Last documented visit Change from initial visit

6MWD (m), mean ± SD 337.1 ± 118.1
n = 145

380.4 ± 123.9
n = 96

32.3 ± 129.8
n = 78

NT-proBNP (ng/L), mean ± SD 1665 ± 7563
n = 87

1030 ± 2378
n = 68

269 ± 2279
n = 45

CI (L/min/m2), mean ± SD 2.3 ± 0.6
n = 56

2.8 ± 0.7
n = 6

0.0± 0.7
n = 3

mPAP (mmHg), mean ± SD 48.4 ± 15.2
n = 69

36.1 ± 11.6
n = 7

− 10.8 ± 16.3
n = 4

PCWP (mmHg), mean ± SD 12.4 ± 6.8
n = 64

11.3 ± 2.7
n = 7

0.8 ± 2.4
n = 4

PVR (WU), mean ± SD 9.5 ± 7.3
n = 59

6.8 ± 8.1
n = 7

− 4.8 ± 1.0
n = 2

RAP (mmHg), mean ± SD 10.7 ± 11.7
n = 48

11.3 ± 2.3
n = 6

0.0
n = 1

DBP (mmHg), mean ± SD 74.1 ± 9.9
n = 183

72.4 ± 10.5
n = 130

− 2.0 ± 11.9
n = 118

SBP (mmHg), mean ± SD 119.0 ± 14.4
n = 183

115.6 ± 15.5
n = 130

− 4.0 ± 18.1
n = 118

Heart rate (bpm), mean ± SD 83.1 ± 12.3
n = 182

80.0 ± 10.9
n = 128

− 2.8 ± 11.7
n = 116
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edema) were typical of those expected for patients present-
ing with CTEPH [8]. These symptoms were also reported 
in the Russian National Registry, which noted that symp-
toms were detected more frequently at the time of diagnosis 
verification than at onset of CTEPH [42]. All comparisons 
between registries should be made with caution because of 
differences in study design and entry criteria.

The most commonly used diagnostic or imaging tests 
were CT angiography, V/Q scintigraphy, RHC, and CT, used 
in 40%, 35%, 34%, and 32% of patients, respectively, at diag-
nosis, and 75%, 64%, 93%, and 50% of patients, respectively, 
at some point. Most patients also underwent electrocardiog-
raphy and echocardiography at least once. CTEPH diagnosis 
and management guidelines recommend V/Q scintigraphy 
for patients with an intermediate or high probability of PH 
[15]. Possible explanations for the underuse of this technique 
include unavailability of equipment or clinician preference 
for other methods. This was a study of real-world diagno-
sis and treatment in countries where resources may be lim-
ited, and where not all imaging studies may be available 
for CTEPH diagnosis. For example, V/Q scintigraphy was 
used as the sole imaging method for diagnostic confirma-
tion in 38 patients, despite it being more appropriate as a 
screening tool. This was permitted in the study protocol to 
reflect routine practice in the participating countries. Where 
patients did not meet formal diagnostic criteria, however, the 
diagnosis of CTEPH was confirmed on a case-by-case basis 
after discussion with the investigators. In addition, as shown 
in the Online Resource, patients who did not meet formal 
entry criteria differed little from those who did.

The challenges of diagnosing CTEPH and other forms 
of PH in settings with limited resources are substantial, 
and patients often present with late-stage disease, result-
ing in high mortality rates [50, 51]. Given the lack of ade-
quate diagnostic tools and the non-specific nature of the 

symptoms, patients with PH may be diagnosed with heart 
failure, other cardiorespiratory conditions, or even tuber-
culosis [50]. The situation may be further complicated by 
lack of awareness of CTEPH among physicians and patients, 
particularly where resources for healthcare education are 
devoted to more prevalent conditions [51]. The proportion 
of patients with PH who have CTEPH has been reported as 
16% in Egypt [52], 5% in Kenya [53], and 2% in the Pan-
African Pulmonary Hypertension Cohort (PAPUCO) Reg-
istry [54]. These observations suggest that the diagnosis and 
management of CTEPH may be especially challenging in the 
African continent.

Our results showed a mean delay of 2.2 years between 
presenting symptoms and confirmed diagnosis of CTEPH, 
whereas the International CTEPH Registry reported a 
14-month delay [7]. The longer delay in our study suggests 
that early diagnosis of CTEPH remains a challenge in the 
countries included, possibly because of a low clinical suspi-
cion of CTEPH, underuse of guideline-recommended diag-
nostic tests, or diagnostic misclassification. The proportions 
of patients with V/Q defects (92% at diagnosis and 94% at 
initial visit) appear slightly lower than in the International 
CTEPH Registry, which reported that 99% of patients had 
an abnormal perfusion scan [19]. In the present study, find-
ings consistent with CTEPH were observed at initial visit by 
pulmonary angiography in 61% of evaluated patients, and 
on CT scan in 44%, compared with 63% of patients having 
proximal lesions on angiography and 60–77% of patients 
having abnormalities visible on a CT scan in the interna-
tional registry [7].

Almost all patients were evaluated for PEA eligibility 
at the initial visit as recommended by treatment guidelines 
[15]. PEA was, however, often delayed, with only 66 of 95 
operable patients having undergone PEA at the initial visit, 
with a mean delay of almost a year between diagnosis and 
surgery.

PDE5is were the most commonly used PH-targeted 
agents at diagnosis and initial visit and were used in 23% 
of patients at 3-year follow-up, despite not being licensed 
for the treatment of CTEPH. The wide use of PDE5is may 
be partly a reflection of their familiarity [including use in 
the treatment of pulmonary arterial hypertension (PAH)] 
and low cost. The use of riociguat increased from 6% of 
patients at diagnosis to 38% at 3-year follow-up. This 
observation suggests increasing acceptance of riociguat 
by physicians, but it lags behind the German study, in 
which 81% of patients who received medical therapy were 
treated with riociguat [48]. The lower use of riociguat in 
the countries included in the registry may be partly a result 
of cost constraints or less experience with its use. By the 
end of the study, 21% of patients were receiving combi-
nation medical therapy. Such use is consistent with other 
CTEPH registries, which also recorded use of combination 
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regimens in some patients [39, 40, 45, 55]. In the current 
study, PH-targeted therapies were used more frequently in 
inoperable patients than operable patients, and riociguat 
was the most frequently used of these agents in inoper-
able patients at initial visit (41% of patients) and 3 years 
(55% of patients), and also in operable patients at 3 years 
(44%). The use of PH-targeted therapies in the operable 
group suggests that off-label use is common in the coun-
tries included in the registry.

Median doses of PH-targeted therapy were generally in 
line with recommendations for patients with PAH, although 
the median daily dose of inhaled iloprost (monotherapy, 60 
μg; combination therapy, 80 μg) was higher than the recom-
mended dose range of 30–45 μg [56] , and the dose range 
for sildenafil monotherapy (20−120 mg/day) exceeded the 
recommended maximum of 60 mg/day [57]. The median 
riociguat monotherapy dose (6.0 mg) was lower than that 
reported for patients with CTEPH in the EXPosurE Registry 
RiociguaT in patients with PH (EXPERT) registry (7.5 mg) 
[58], but riociguat is individually dosed, guided by systolic 
blood pressure and signs and symptoms of hypotension [25, 
26].

Use of BPA was limited during the study, with only 13% 
of patients undergoing this procedure, possibly reflecting 
lack of experience with BPA, or insufficient resources. In 
addition, at the time this registry was performed, BPA had 
only a Class IIb, Level of evidence C recommendation [59]. 
For comparison, the German study reported use of BPA in 
13% of patients overall and in 25% of non-operated patients 
[48].

The Russian National Registry also reported low use of 
PEA and BPA (32% and 7% of patients, respectively) [42], 
although the patients in this study were newly diagnosed, 
and these results do not exclude these techniques being 
employed later.

The early mortality rate during the observation period 
(7%) in our study, albeit based on small absolute numbers, 
was higher than that generally reported at expert CTEPH 
centers (< 3%) [6]. Comparison of overall results between 
initial and last documented visit (regardless of treatment) 
suggested improvements in 6MWD, WHO FC, NT-proBNP, 
and PVR over time, although no formal statistical analyses 
were performed. These findings should be viewed with cau-
tion because of the small numbers of patients with data, 
particularly for PVR and CI, at their last documented visit. 
This reflects clinical practice, in which invasive assessments 
are not performed without a clear indication. As with all 
observational studies, there is potential for selection bias, 
with patients undergoing repeat assessment only if their con-
dition is thought to be worsening. While the levels of NT-
proBNP for all patients with data declined from diagnosis 
to 3-year follow-up, the paired data indicated an increase 
over the same period. The latter result may be a statistical 

artifact. The single-center study in the Netherlands reported 
improvements in 6MWD and NT-proBNP in patients with 
CTEPH treated with macitentan (mostly in combination with 
riociguat or sildenafil) [41], but in view of differences in 
study design and patient population, caution is advised if 
comparing these results with our study.

The estimated overall survival at approximately 3 years 
in the current study (88%) is higher than that reported by the 
Giessen registry (77%) [46] or the older ASPIRE registry 
(71%) [20], but comparable with that of the operated patients 
in the International Registry (89%) [45] and the Spanish 
Registry of Pulmonary Hypertension (REHAP) (91%) [55], 
and medically treated patients assessed as low risk in the 
COMPERA registry (92%) [47]. CTEPH registries have con-
sistently shown a higher survival in operated than non-oper-
ated patients [40, 45, 46, 55, 60], and therefore the patients 
undergoing PEA in our study may have favorably influenced 
the survival rate.

This study has a number of limitations, many of which 
are typical of registry studies. First, the number of patients 
with data available (212 overall) was modest, with very few 
recruited from Kazakhstan (n = 11) or Lebanon (n = 1). 
Therefore, the data may not be representative of the overall 
CTEPH population in these countries. The study recruited 
a heterogeneous population from diverse countries and the 
overall results might not reflect practice or outcomes in indi-
vidual countries. For example, in the SAUDIPH Registry 
all patients underwent RHC for the diagnosis of PH [43]. In 
addition, some baseline data were collected retrospectively, 
and some data (e.g., risk factors, PH-targeted therapies, 
and clinical parameters) are missing due to incomplete data 
collection and/or collation, or loss of information between 
center referrals. Missing data were particularly limiting for 
6MWD, NT-proBNP, hemodynamics, and RV function. 
This is partly a reflection of the non-interventional study 
design, which did not demand any investigations beyond 
those used in routine practice in each center. Clinicians 
would not be expected to repeat invasive procedures such 
as RHC unless clinically indicated, generally if a patient’s 
condition is thought to be worsening. This may lead to selec-
tion bias for patients with repeated invasive assessments. 
Similarly, while information on use of diagnostic imaging 
was recorded, no images were collected. Furthermore, many 
patients were diagnosed with CTEPH without confirmatory 
imaging, which may reflect the limited healthcare resources 
available in some countries included in the registry. Another 
limitation is the potential for bias to be introduced by the 
inclusion of patients with different disease management 
pathways, particularly related to the operability status and 
the use of therapy, which could skew the results associated 
with the management of CTEPH. In addition, no data on 
the use of medical therapies other than PH-targeted agents 
and anticoagulants were collected. For the reasons explained 
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above, AE data are not included in this report. This could 
be considered a limitation, but the current study was not a 
drug registry and was not designed to evaluate the safety of 
specific treatments.

Finally, all statistical analyses were exploratory and 
descriptive, and therefore caution is needed when interpret-
ing the data. As there was no predefined hypothesis for this 
study, no statistical tests were done, and comparisons with 
other studies are for information only.

5  Conclusions

This registry highlights the current practice and manage-
ment of patients with CTEPH in Russia, Kazakhstan, Tur-
key, Lebanon, and Saudi Arabia. The findings demonstrate 
an association between CTEPH diagnosis and a history of 
VTE. However, early diagnosis of CTEPH remains a chal-
lenge, as demonstrated by a mean delay of 2.2 years from 
onset of symptoms to diagnosis and the incomplete applica-
tion of the recommended diagnostic process. It is likely that 
this is related to the limited healthcare resources available 
in low- and middle-income countries (with the exception of 
Saudi Arabia, where diagnosis and management guidelines 
for CTEPH are followed strictly, all treatments are avail-
able, and the probability of survival is high as shown by the 
SAUDIPH Registry [43]). Most patients were evaluated for 
PEA eligibility and treated with off-label PH-targeted treat-
ment or riociguat, but few were referred for BPA evaluation. 
Analyses from this registry, as well as comparisons with 
international registries, highlight the importance of provid-
ing the resources to give patients with CTEPH full access to 
recommended diagnostic tests and treatments.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40801- 023- 00407-w.
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