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ABSTRACT
BACKGROUND: Chronic thromboembolic pulmonary hypertension (CTEPH) is characterized by chronic throm-
boembolic obstruction in the pulmonary bed. The defi nitive pathogenesis remains incompletely explained, al-
though multiple risk factors of CTEPH have been identifi ed. 
The purpose of the study was to evaluate the risk profi le of patients with CTEPH and the representativeness of 
risk factors, identify possible new CTEPH risk factors and specify the epidemiology of CTEPH in our country.
METHODS: In 81 patients with CTEPH, well-known risk factors were analyzed, and a detailed analysis of se-
lected hematological parameters was investigated at a specialized hematology laboratory.
RESULTS: CTEPH risk factors were identifi ed as follows: pulmonary embolism (PE), deep vein thrombosis (DVT), 
thyreopathy, blood type other than “0”, infl ammatory bowel disease, malignancy, splenectomy, pacemaker. When 
compared to healthy controls, the following was observed: a signifi cant decrease in platelet count, higher mean 
platelet volume, higher spontaneous platelet aggregation, increase in von Willebrand factor and fi brinogen. The 
median of risk factors representativeness was 3 (PE, DVT, blood type other than “0”). The prevalence of CTEPH 
in adult population in our country is estimated to be 1.8 per 100,000 inhabitants.
CONCLUSION: In the study we confi rmed multiple established risk factors of CTEPH, set their representative-
ness, identifi ed some platelet abnormalities which could be a potential new risk marker and specifi ed the pre-
valence of CTEPH (Tab. 5, Ref. 35). Text in PDF www.elis.sk.
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Introduction 

Chronic thromboembolic pulmonary hypertension (CTEPH) is 
a progressive chronic disease defi ned as the persistence of pulmo-
nary hypertension (PH) (mean pulmonary artery pressure (mPAP) 
≥ 25 mm Hg) after a single or recurrent pulmonary embolism (PE) 
event. CTEPH results from persistence of thrombotic obstructions 
in the pulmonary vasculature in the presence of obliterative vas-
cular remodeling despite effective anticoagulation treatment f or 
at least 3 months (1, 2). The current understanding of the CTEPH 
pathophysiology is discussed as well as the concept of misguided 
thrombus resolution (3). Up-to-date data suggest that CTEPH does 
not result from traditional risk factors of venous thromboembo-
lism (VTE) (4). However, there is a list of well-known risk fac-
tors contributing to the development of CTEPH divided in three 

groups based on known medical conditions (5) in association with 
symptomatic PE and laboratory risk factors (6).

Some medical conditions well known for years as risk factors 
for CTEPH, as well as validated by recent international registries 
include PE, deep vein thrombosis (DVT), ventriculoatrial shunts, 
indwelling venous catheters and leads, splenectomy history, thy-
reopathy and thyroid replacement therapy, chronic infl ammatory 
disorders such as infl ammatory bowel disease (IBD) and osteo-
myelitis, non-“0” blood group, lipoprotein A, and history of ma-
lignancy or myeloproliferative disorders (3, 7, 8). 

Risk factors for CTEPH associated with PE include the idio-
pathic nature of PE, recurrence of PE as well as large perfusion 
defects, younger age, proximal PE, and systolic pulmonary artery 
pressure > 50 mm Hg at diagnosis (9, 10). 

Some laboratory risk factors as elevated plasma concentra-
tions of the coagulation factor VIII, lupus anticoagulant (LA) and 
antiphospholipid antibodies (APA), von Willebrand factor (vWF), 
plasminogen activator inhibitor type 1 (PAI-1) and fi brinogen (10, 
11) have been found in CTEPH population.

Understanding the pathophysiology and early identifi cation of 
potential risk factors can help identify at-risk patients, change the 
treatment paradigm to a preventative strategy and thus improve 
the prognosis (1, 3).

The purpose of the study was to evaluate the risk profi le of 
patients with CTEPH, set the representativeness of risk factors 
managed at our institution, specify the epidemiology of CTEPH 
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in our adult population and identify new potential CTEPH risk 
factors.

Patients and methods

Study population consisted of 81 patients (30 females/51 
males) with CTEPH confi rmed by accepted diagnostic algorithm 
at our institution between October 1998 and December 2014. Their 
mean age was 60.5 ± 11.9 and the interval from onset of symptoms 
to cardiac catheterization was 32.6 ± 25.9 months. 

Other baseline characteristics as values of mPAP (48.6 ± 12.0 
mm Hg), pulmonary vascular resistance (PVR: 9.2 ± 4.6 W.u.), 
cardiac index (CI: 2.3 ± 0.6 L · min–1 · m–2), mean right atrial pres-
sure (mRAP: 9.8 ± 4.2 mm Hg), arterial oxygen tension (PaO2: 62.1 
± 8.4 torr), as well as body mass index (BMI: 27.4 ± 4.7 kg/m2), 
clinical severity according to NYHA (New York Heart Associa-
tion) functional class (2.8 ± 0.5) and exercise capacity according 
to 6-minute walking test (6MWT: 313.4 ± 134.3 m) at the time 
of diagnosis are seen in the Table 1. If we simplify the baseline 
characteristics (hemodynamic and clinical), a typical patient with 
CTEPH suffers from severe PH with low exercise tolerance and 
subjectively considerable dyspnea.

Almost 50 % of patients (n = 40) underwent surgical therapy 
(PEA) and 18 patents were/are treated by specifi c pharmacotherapy 
of PH. Prior to the admission to our institution, all patients were 
effectively anticoagulated with vitamin K antagonist at least for 
three months (e.g. to a target INR of 3.0). The diagnostic algorithm 
we performed consisted of transthoracic echocardiography (TTE), 
V/P scan (at least one segmental or wider perfusion defect with 
normal ventilation), CT pulmonary angiography (chronic throm-
boembolic signs: organized thrombus occluding the pulmonary 
arteries completely, and/or else eccentrically and/or concentri-
cally, and/or a mosaic perfusion picture in the parenchyma with 
reduced vascular calibration in distal regions and pulmonary artery 
dilatation), DSA pulmonary angiography (abrupt branch tapering, 
complete vessel occlusion, luminal irregularities caused by mu-
ral clot, pouch-like regions related to occlusive or sub-occlusive 

thrombi, and webs or bands that may cause branch narrowing and 
post-stenotic dilatation) as the method of diagnostic reference and 
assessing the eligibility of surgery and by right heart catheteriza-
tion (mPAP ≥ 25 mm Hg and a pulmonary capillary wedge pres-
sure (PCWP) ≤ 15 mm Hg, CI by thermo-dilution method with 
Swan–Ganz Catheter and / or by Fick method). 

In all patients, we analyzed medical history, clinical signs and 
symptoms and concomitant diseases, which were obtained from 
his/her health card and during the personal interview. We focused 
on well-known CTEPH risk factors: PE, recurrent PE, idiopathic 
PE, DVT, malignancy, chronic infl ammatory conditions, including 
osteomyelitis, IBD, pacemaker leads, thyreopathy, splenectomy, 
autoimmune disease, and blood type other than “0”.

At specialized hematology laboratory a detailed analysis of 
blood coagulation parameters, thrombocytes count, thrombocytes 
aggregation assessment and endothelial dysfunction evaluation 
was performed. Platelet aggregation was investigated by light 
transmission aggregometry without stimulation (i.e. spontaneous 
aggregation). The vWF and PAI-1 were used as indicators of en-
dothelial dysfunction and/or damage. Selected platelet, endothe-
lial and clotting parameters were investigated in 36 patients with 
confi rmed CTEPH, as well as in 32 healthy subjects representing 
a control group.

Statistical analysis 
Student t-test or the one-way analysis of variance test for nor-

mally distributed data and the Wilcoxon test for non-parametric data 
were used. In case of nominal data, contingence tables were used. 
These comparisons and logistic regression analyses were performed 
using JMP version 5.0.1 software (SAS Institute Inc, Cary, NC, 
USA) and Windows Microsoft Excel 2007. Results are expressed as 
mean ± standard deviation for continuous variables and as a number 
and percentage for categorical variables. The differences were con-
sidered statistically signifi cant at a signifi cance level of p < 0.05.

Results

Table 2 shows known CTEPH risk factors. In total, 79 % of 
all patients were previously diagnosed with PE, only 9.9 % were 
treated with thrombolytic therapy. Previous DVT was observed in Age (years) 60.5 ± 11.9

Gender (F/M) 30/51
BMI 27.4 ± 4.7
Duration of symptoms (months) 32.6 ± 25.9
NYHA/WHO functional class 2.8 ± 0.5
6MWT (m) 313.4 ± 134.3
mRAP (mm Hg) 9.8 ± 4.2
mPAP (mm Hg) 48.6 ± 12.0
CI (L · min–1 · m–2) 2.3 ± 0.6
PVR (dyn·s·cm–5) 9.2 ± 4.6
PaO2 (torr) 62.1 ± 8.4
Comorbidity 78.4
PEA (n) 40
Spec. FTx (n) 18
Data given as mean ± SD, % or n. CI – cardiac index; DVT – deep vein thrombosis; 
Spec. FTx – specifi c fakmacotherapy; mPAP – mean pulmonary arterial pressure; 
mPAR – mean right atrial pressure; PVR – pulmonary vascular resistance; NYHA/
WHO – New York Heart Association/World Health Organization; PEA – pulmonary 
endartherectomy. 6MWT – 6-minute walking test, BMI – body mass index

Tab. 1. Patient characteristics (n = 81).

Inherited thrombophylia 22.2
Pulmonary embolism 79.0
Recurrent PE 28.4
Idiopathic PE 19.8
DVT 59.3
Thrombolytic therapy 9.9
Tyreopathy with a thyroid replacement therapy 19.8
Blood type other than “0” 71.6
Malignity 6.2
Morbus Crohn/ Ulcerative colitis 6.2
Splenectomy 2.5
Pacemaker electrode 2.4
Coagulation abnormality 28.9
Data given as mean ± SD, % or n. p < 0.05. DVT – deep vein thrombosis, PE – pul-
monary embolism.

Tab. 2. Risk factors (n=81) (in %).
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59.3 % of all cases and an idiopathic PE was confi rmed for 19.8 % 
of all CTEPH patients. 

Additionally, more than 19 % of all patients have a history 
of thyreopathy with replacement therapy, more than 71 % have 
blood type other than “0”, an IBD have 6.2 % and the same count 
of patients with CTEPH have a history of malignancy. From other 
expected risk factors: splenectomy and pacemaker leads were only 
in 2.5 % of all our patients.

Hematological risk factors in comparison with a healthy con-
trol group are shown in Table 3. While the thrombocytes count is 
signifi cantly lower in patients with CTEPH (216 ± 56 109/l vs 261 
± 60 109/l), mean platelet volume (MPV) values are signifi cantly 
higher (11.2 ± 0.9 fl  vs 9.9 ± 0.7 fl ). Also, spontaneous platelet 
aggregation (SPA) was signifi cantly higher in the CTEPH group 
(10.9 ± 4.3 % vs 8.4 ± 6.2 %) as well as all other values, namely 
vWf activity (vWf:Ac), vWf antigen (vWf:Ag), fi brinogen and 
factor VIII, except for PAI-1 which was also higher in CTEPH 
group, but not signifi cantly. Values of LA/APA were not increased. 

Tables 4 and 5 demonstrate the occurrence of CTEPH risk 
factors with median of three risk factors. Majority of our patients 
(77.8 %) had 2–4 of above-mentioned risk factors. If the patient 
had only one risk factor, then it was either PE/DVT or blood type 
other than “0”. In case of two risk factors, these were always in 

combination as follows: PE/DVT/ blood type other than “0”/ inher-
ited thrombophilia/thyreopathy with a thyroid replacement therapy. 
In case of three risk factors the most frequent combination was PE 
and/or recurrent PE, DVT, blood type other than “0”. This triple 
combination was found in 58 % of CTEPH patients with three or 
more risk factors (Tab. 5).

The prevalence of CTEPH in our adult population is estimated 
to be 1.8 per 100,000 inhabitants.

Discussion 

In our study group of 81 CTEPH patients coming from the 
entire nation, we found that previous PE, DVT and blood type 
other than “0” are the most frequent well-accepted risk factors 
for CTEPH development. One-third to one-fi fth of them suffered 
from recurrent and idiopathic PE, thyreopathy, or had coagulation 
abnormality and inherited thrombophilia. In less than 10%, malig-
nancy, bowel disease, permanent cardiostimulation, splenectomy 
or autoimmune disease as risk factor could be detected. Majority 
of established risk factors found in our study (PE, DVT, thyreo-
pathy with thyroid replacement therapy, non-“0” blood groups, 
signifi cantly increased vWf, fi brinogen and factor VIII) strongly 
coordinate with world-wide observation. In case of splenectomy, 
we had only 2.5 % which is a relatively small difference and we 
could explain it with a possibly lower indication of splenectomy 
in our region. Nowadays, the incidence of splenectomy (splenec-
tomies for treatment of hematologic malignancies and cytopenia, 
as well as incidental and iatrogenic splenectomies) has decreased 
dramatically. IBD in our study was presented equally to all studies 
which refer IBD incidence in CTEPH patients. In our study, cancer 
as a possible risk factor in CTEPH was only about a half of those 
presented in other studies. Increased levels of LA/APA were not 
found in our study. These two markers represent an exception from 
all examined parameters. The variety in LA/APA values could be 
explained with a small number of patients who underwent a hema-
tological screening. Moreover, we found out that the SPA value is 
signifi cantly higher in patients with CTEPH. Cancer is a serious 
condition and it is possible that patients suffering from malignity 
die before they are sent to a specialized center.

According to the well-accepted embolic hypothesis of CTEPH, 
the disease starts with an occlusion of proximal pulmonary arteries 
due to PE and initial PH which leads to general vascular remod-
eling and distal pulmonary arteriopathy, so-called microvascular 
disease. The early recognition of VTE can help detect patients at 
risk. Ultrasonography evidence of DVT was found in 56.1 % (10) 

of patients with CTEPH in an International Prospective Registry 
with 456 CTEPH patients. In our study population of 81 patients, 
a very similar result was achieved (59.3 %). 

Many studies investigated the incidence of PE in patients with 
CTEPH, and based on their results, about half of these patients had 
no history of PE (8). While these studies indicate PE incidence 
between 42 % (13), 52 % (14), 63 %, 74.8 % (10) and 80 % (5), 
25.2 %, respectively (15), our study showed an outcome of 79 % 
in all CTEPH cases. It does not mean that we have better diagnos-
tic methods for CTEPH in our country, but it evokes an idea that 

CTEPH Control group p
Trombocytes count (109/l) 216±56 261±60 < 0.01
MPV (fl ) 11.2±0.9 9.9±0.7 < 0.001
SPA (%) 10.9±4.3 8.4±6.2 < 0.05
vWf: Ac (%) 184.2±28.6 122±37.3 < 0.001
vWf: Ag (%) 186.5±23 124±36.4 < 0.001
PAI-1 (U/mL) 2.8±1.6 2±1.4 = 0.05
Fibrinogen (g/L) 3.8±0.8 3.1±0.6 < 0.001
Faktor VIII (%) 158.2±30.7 129.6±31.5 < 0.001
Data given as mean ± SD, % or n. p < 0.05. MPV – mean platelet volume, SPA – 
spontaneous platelet aggregation, vWf – von Willebrand factor, vWf: Ac – activity 
and vWf: Ag – antigen, PAI-1 – plasminogen activator inhibitor type 1

Tab. 3. Hematological risk factors (n = 19).

Count of risk factors (n) Patients (n) Patients (%)
0 2 2.5
1 9 11.1
2 20 24.7
3 31 38.3
4 12 14.8
5 6 7.4
6 1 1.2

Median: 3

Tab. 4. Count of CTEPH risk factors.

Count of risk 
factors (n)

Patients 
(n)

Triple combination 
of RF (n)

 Triple combination 
of RF (%)

3 31 15 48.4
4 12 9 75
5 6 4 66.7
6 1 1 100

SUM 50 29 58
Triple combination: PE (pulmonary embolism), DVT (deep vein thrombosis), and 
blood type other than “0”

Tab. 5. Triple combination of CTEPH risk factors.
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some patients with symptoms of CTEPH after PE are referred for 
evaluation by a cardiologist to CTEPH center very late. 

Some known risk factors were found in studies as thyreopathy 
with a thyroid replacement therapy, namely in almost 20 % of all 
patients (10). The pathophysiology of CTEPH under this condition 
is not well explained. Patients with hypothyroidism are associated 
with having an increased risk of thrombosis. The treatment with 
levothyroxine increases the von vWf levels and shortens in vitro 
platelet plug formation. It is unknown whether the treatment of 
the disease or the disease itself is responsible for the increased 
incidence of CTEPH (16, 17). In our CTEPH patients, the thyre-
opathy with a thyroid replacement therapy was presented in 19.8 
%, which strongly correlates with up-to-date knowledge.

In our study, splenectomy was found to occur only in 2.5 % 
of all CTEPH patients which stands in contrast to other studies, 
where 3.4–5.5 % of patients with CTEPH had undergone a previous 
splenectomy (10, 18). The association between splenectomy and 
CTEPH may be explained by the presence of abnormal erythro-
cytes that would otherwise be fi ltered out of the blood by the spleen 
(19). The formation of thromboembolic material is due to activa-
tion of coagulation caused by an abnormal expression of phospha-
tidylserine on the surface of erythrocytes. The other explanation of 
increased risk for CTEPH following a splenectomy could be the 
reactive thrombocytosis. After having the splenectomy, an increase 
in circulating microparticles and negatively charged phospholip-
ids is enhanced by experimental thrombus induction (18, 19, 20). 
One of the consequences of having a splenectomy and presum-
ably also the cause of infection and cancer may lie in increased 
plasma levels of microparticles and anionic phospholipids, and 
may explain the abnormal tendency to thrombosis in CTEPH (20).

Pathological remodeling of pulmonary arteries is triggered by 
“infl ammatory thrombosis” caused by coagulation disturbances, 
sticky red blood cells, uncleavable fi brinogen. This can be evoked 
by immunologic, infl ammatory, or infectious conditions (21, 22). 
Mildly increased C-reactive protein levels in patients without con-
comitant leukocytosis are more likely correlated with an infl am-
matory state caused by chronic heart failure as a consequence of 
CTEPH than due to an active bacterial infection (23). From these 
data, we can infer that bacterial DNA within chronic thrombi repre-
sents evidence of some previous infection. There was a signifi cant 
reduction in the appearance of macrophages essential for thrombus 
recanalization in infected murine thrombi (14, 18).

The IBD incidence in registries varies between 2.8–14 %; 
in our study we found a similar count, namely 6 %. IBD did not 
reach statistical signifi cance in current studies. Overall 10 % of 
patients but no health control had a history of osteomyelitis or 
IBD (24). Interestingly, 14 % of CTEPH patients with no history 
of VTE have suffered from osteomyelitis or IBD. In comparison 
with non-thromboembolic pulmonary hypertension, 12 patients 
were affected in the CTEPH group (1.2 % vs 2.8 %, respectively).

It is well known that patients with cancer are at increased risk 
of thrombosis and VTE (well-accepted paraneoplastic syndrome). 
Since more than 12 % of patients with CTEPH were reported to 
have a history of malignancy, the evidence that malignancy and/or 
the treatment-related factors could be a risk factor for CTEPH is 

strong (18, 25). In our study, the history of malignancy was pres-
ent in 6.2 % of all patients.

In previous studies, 77 % of patients with CTEPH were found 
to have non-“0” blood groups, while in ours it was more than 71 %. 
Hence, we can state that it correlates with the knowledge we have (14).

It is accepted, that traditional risk factors of VTE do not work in 
CTEPH (10). However, an elevation in some traditional hematolog-
ical laboratory factors (elevated plasma concentrations of factor VIII, 
vWf:Ac, vWf:Ag, PAI-1) could be detected also in CTEPH (11).

Increased levels of factor VIII, which is an accepted risk factor 
for recurrent PE, have been shown to be present in patients with 
CTEPH in comparison with healthy subjects (26). Abnormalities 
in coagulation and fi brinolysis pathways have been associated in 
the minority of CTEPH patients with most prevalent ones being 
LA and APA. Thrombophilia studies have shown that LA may be 
found in 10 % of CTEPH patients, and 20 % carry LA/APA or 
both (21, 27, 28). Contrary to other studies, LA/APA levels in our 
CTEPH patients were not increased. In our study, we also focused 
on hematological parameters, while signifi cantly higher levels of 
factor VIII and vWF were demonstrated. This phenomenon corre-
lates with the current knowledge of the issue. An elevated level of 
factor VIII was identifi ed as a risk factor for CTEPH in a study of 
122 patients compared with 82 healthy controls (26). The vWF is 
secreted into plasma from endothelial cells and plays a crucial role 
in platelet adhesion and aggregation (11, 29). The level of vWF was 
also elevated in these patients compared with the control group. 

CTEPH may occur not only due to a complex interaction be-
tween thrombotic/thrombolytic processes like in classic VTE, but 
also due to angiogenic cellular remodeling of organized thrombi as 
well as failed fi brinolysis (30). In endothelial cells lining, PAI-1, 
an inhibitor of fi brinolysis, is increased in conjunction with low 
tissue-type plasminogen activator antigen levels, thus suggesting 
that the endothelium interaction with thrombus may be pheno-
typically altered  (31). Moreover, in neovessels within CTEPH 
thrombi, an elevated expression of type PAI-1 has been found, 
which may infl uence the resolution of the thrombus. However, 
when PAI-1 was measured in plasma of CTEPH patients, no dif-
ference was seen in the relative levels of plasminogen activator 
and PAI-1 compared with healthy controls. This fact may suggest 
higher PAI-1expression in the CTEPH thrombus. The elevation of 
PAI-1, fi brinogen, factor VIII, vWF: Ag, vWF: Ac can be also as 
the consequence of damage to the vascular endothelium and/or a 
response to infl ammation. CTEPH-associated dysfi brinogenemias 
may be responsible for incomplete clot resolution in CTEPH pa-
tients (31). In our study we found signifi cantly higher values of 
these mentioned hematological parameters in comparison with 
healthy control, except for PAI-1 which was also higher in CTEPH 
group, but not signifi cantly.

Moreover, we found a higher SPA together with low platelet 
count and increased MPV in CTEPH patients. These platelet abnor-
malities represent a specifi c platelet behavior in CTEPH. This is in 
correlation with the idea of increased platelet destruction (14, 32). 
This fi nding may refl ect a higher platelet turnover due to chronic 
process of platelet activation, consumption or destruction, in which 
the production of new (younger, bigger and more potent) platelets 
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is not suffi cient and may lead to thrombocytopenia (33). These 
platelet abnormalities could pose a potential new risk marker for 
CTEPH, the possibility of which has not been yet published in liter-
ature. Recent studies mention the role of platelet in CTEPH but no 
study has yet considered increased SPA to be a risk factor of CTEPH. 

The largest study analyzing CTEPH risk factors was prospec-
tively carried out on 456 patients, including 9 patients with CTEPH 
from our country. Our study brings an original view on 81 CTEPH 
patients in our country, but with limitation of study in prospective/
retrospective manner. This study analyses all consecutive patients 
with CTEPH at a single institution (one center for the whole coun-
try, i.e. for 4.4-million adult population). This study, similarly to a 
registry, refl ects the epidemiology of this rare disease.

The guidelines do not recommend a methodical screening of 
patients after PE in case of CTEPH development. The history of 
PE seems to be the strongest risk factor of CTEPH. Therefore, the 
screening of other established risk factors of CTEPH is also not 
recommended. Nevertheless, it is necessary for understanding the 
pathophysiology of the development, progression of CTEPH in 
order to implement effective therapeutic and diagnostic strategies 
to decrease mortality rates (34). Studies show that the long-term 
prognosis of operated patients is better than the outcome of not 
operated patients (35). 

The multivariate of risk factors limit us to detect correctly pa-
tients at-risk or to quantify the risk. We tried to set the most fre-
quent combination of established risk factors in our patients, and 
found out the most frequent risk factors as well as their strongest 
combination. In patients with CTEPH presenting with one risk 
factor, we found either PE, DVT or non-“0” blood groups as the 
most frequent risk factor. When the patient had two risk factors 
of CTEPH, these were always one of double combination as fol-
lows: PE, DVT, non-“0” blood groups, inherited thrombophilia 
and thyreopathy. Overall, 70 % of those patients with two risk 
factors had a combination PE and DVT, or PE and non-“0” blood 
groups. Interestingly, when the patient had three risk factors, ev-
eryone presented with PE and/or DVT. In case four or more risk 
factors were concurrent, it was always non “0” blood group and PE 
and/or DVT in combination with one of the above mentioned risk 
factors. The most frequent triple combination of risk factors was 
PE and/or recurrent PE, DVT, blood type other than “0”. Based on 
the occurrence of CTEPH risk factors, we are not able to predict 
the probability of CTEPH development. The triple combination 
seems to be the strongest one, which may represent a facilitating 
moment in the development of this disease.

Interestingly enough, all patients who underwent splenec-
tomy, had increased SPA. That evokes and partially confi rms the 
hypothesis that platelet dysfunction can play an important role in 
CTEPH pathogenesis, and more research in this way is needed. 

In fact, this study brings a valuable asset from the epidemio-
logic point of view because all CTEPH patients in our country 
are treated at our institution. Thus, this single center study can 
be considered to be an epidemiologic study as well, and brings 
important reference to the epidemiology of this rare disease. As 
a result, we defi ne, that the prevalence of this rare disease in 
adult population from our country is 1.8 per 100,000 inhabitants.

The real prevalence is unfortunately unidentifi ed and diffi cult to 
determine and may be signifi cantly underestimated. CTEPH is 
often misdiagnosed due to nonspecifi c symptoms and variable 
disease course, just because acute PE can occur without symp-
toms, and may often be overlooked in practice. This is the reason 
for systematic evaluation of the population at-risk for CTEPH and 
raising the awareness of the issue in medical practice.

Conclusion

Understanding the pathophysiology and early identifi cation 
of potential risk factors will help identify at-risk patients, change 
the treatment paradigm into preventative strategy and improve the 
prognosis. Several risk factors of CTEPH (history of PE, recurrent 
PE, idiopathic PE, DVT splenectomy, cancer, chronic infl amma-
tory disease, pacemaker leads, thyreopathy, blood type other than 
“0”) are emerging robustly from international registries. In this 
study, we confi rmed those well-known risk factors of CTEPH 
with representation similar to other studies.This means that the 
risk profi le of patients with CTEPH in our country is comparable 
with knowledge about risk factors from other countries presented 
in up-to-date studies. The median of representativeness of risk 
factors is 3, with the most frequent combination of PE and/or re-
current PE, DVT, blood type other than “0”. 

Interestingly, the increased SPA together with the labora-
tory signs of higher platelet turnover was shown in patients with 
CTEPH, which could be a new possible predictive risk marker and 
a novel pathway in the pathogenesis of CTEPH. However, the value 
of this additional factor needs to be elucidated in further studies.

The prevalence of CTEPH in adult population in our country 
is estimated to be 1.8 per 100,000 inhabitants.

Learning points

Chronic thromboembolic pulmonary hypertension (CTEPH) 
is a progressive potentially fatal disease characterized by pulmo-
nary obstruction caused by non-resolving but organizing throm-
bo-emboli combined with pulmonary vascular remodeling. The 
pathophysiology of CTEPH is not fully understood but the current 
knowledge from registries shows us that in order to prevent the 
development and progression of CTEPH, implement the effective 
therapeutic diagnostic strategies and decrease the mortality rates, it 
is crucial to identify the associated risk factors of pathophysiology. 
In our study, we approved multiple risk factors of CTEPH (previous 
PE, DVT, recurrent and idiopathic PE, thyreopathy, IBD, cancer, 
blood type other than “0”, splenectomy, coagulation abnormality, 
vWf, fVIII, PAI-1, fi brinogen). The multivariate of risk factors of 
CTEPH is explicit but we confi rmed that the strongest combina-
tion is that of PE and/or recurrent PE, DVT, and blood type other 
than “0”. Moreover, we identifi ed platelet abnormalities (increased 
SPA and laboratory signs of higher platelet turnover) as a specifi c 
platelet behavior, which could be a potential new risk marker. 

Additionally, we defi ned, that the prevalence of this rare dis-
ease in adult population from our country is 1.8 per 100,000 in-
habitants.
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