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ABSTRACT Epidemiological data for chronic thromboembolic pulmonary hypertension (CTEPH) are
limited and there are conflicting reports regarding its pathogenesis.

A literature review was conducted to identify CTEPH epidemiological data up to June 2014. Data were
analysed to provide estimates of the incidence of CTEPH in the USA, Europe and Japan. An
epidemiological projection model derived country-specific estimates of future incidence and diagnosis rates
of CTEPH.

Overall, 25 publications and 14 databases provided quantitative epidemiological data. In the USA and
Europe, the crude annual incidence of diagnosed pulmonary embolism and crude annual full
(i.e. diagnosed and undiagnosed) incidence of CTEPH were 66–104 and 3–5 cases per 100000 population,
respectively, while in Japan these rates were lower at 6.7 and 1.9 per 100000 population, respectively.
In 2013, 7–29% of CTEPH cases in Europe and the USA were diagnosed, and the majority of patients
were in New York Heart Association functional class III/IV at diagnosis. The projection model indicated
that incidence of CTEPH will continue to increase over the next decade.

These data suggest that CTEPH is underdiagnosed and undertreated, and there is an urgent need to
increase awareness of CTEPH. High-quality epidemiological studies are required to increase understanding
of CTEPH.
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Introduction
Chronic thromboembolic pulmonary hypertension (CTEPH) is a form of pulmonary hypertension,
classified as group 4 in the European Society of Cardiology (ESC)/European Respiratory Society (ERS)
2015 pulmonary hypertension guidelines [1]. CTEPH is a rare chronic condition characterised by
pathological changes to the pulmonary arteries and the presence of occlusive organised thromboembolic
material within these arteries [2]. Such pulmonary artery obstructions result in an increase in pulmonary
vascular resistance, with progressively worsening pulmonary hypertension and subsequent right ventricular
failure, which may eventually be fatal [2–4].

The pathogenesis of CTEPH has yet to be fully elucidated and is the focus of ongoing research. The most
widely accepted aetiological theory is that CTEPH arises as a complication of acute pulmonary embolism
(PE) subsequent to venous thromboembolism (VTE) [2, 5, 6]. It has been proposed that the underlying
mechanism giving rise to CTEPH is a misguided vascular remodelling process involving defective
angiogenesis and delayed onset of fibrinolysis associated with endothelial dysfunction that prevents
complete resolution of the causative PE [7]. However, questions remain regarding this model of CTEPH
pathogenesis as a consequence of conflicting epidemiological data for PE and CTEPH. It has been
observed that some classical risk factors for VTE do not increase the risk of CTEPH, and that there is
distal/microvascular pulmonary artery disease involvement in some patients with CTEPH [4, 8].
Furthermore, reported rates of CTEPH in patients with a history of PE vary widely [9, 10].

Other risk factors for CTEPH include splenectomy, infected ventriculo-atrial shunts, thyroid replacement
therapy, lupus anticoagulant/antiphospholipid antibodies, malignancy, infected pacemaker lines and
chronic inflammatory conditions, such as osteomyelitis and inflammatory bowel disease [11, 12].

The gold standard treatment for CTEPH is pulmonary endarterectomy (PEA). PEA is potentially curative and
is generally indicated in patients with surgically accessible thrombi in the main, lobar or segmental pulmonary
arteries [1, 13]. However, PEA is not feasible in all patients, with 24–37% of cases reported as being inoperable
due to distal/microvascular thromboembolic disease beyond the potential reach of PEA, the presence of
significant comorbidities or refusal of the patient to undergo surgery [10, 12, 14]. Furthermore, despite the
high success rate with PEA, it is not always curative. Among patients undergoing PEA for CTEPH, up to 51%
of patients have mean pulmonary arterial pressure >25 mmHg post-PEA [15–20].

Thus there is a need for alternative treatments for patients with CTEPH who are either deemed inoperable
or have persistent/recurrent pulmonary hypertension after PEA [13, 21–24]. The soluble guanylate cyclase
stimulator riociguat has shown efficacy and is the only pharmacotherapy approved for the treatment of
inoperable CTEPH and persistent/recurrent CTEPH [1, 25–28]. An emerging interventional technique for
the management of inoperable CTEPH is percutaneous balloon pulmonary angioplasty (BPA), which aims
to dilate the pulmonary artery branches through the inflation of a small balloon inserted into the artery.
While BPA is still in its infancy and can only be performed at specialist centres by physicians experienced
in the technique, it may provide a potential treatment option for patients with inoperable CTEPH [29–33].

Determining CTEPH epidemiology is difficult, and there remains an unmet need regarding epidemiological
knowledge of the disease. Although CTEPH is a debilitating and life-threatening condition, the early signs
and symptoms are often nonspecific, making differential diagnosis difficult. Furthermore, not all patients
with CTEPH have a history of previous PE. This can result in uncertainty over the diagnosis and can delay
or prevent referral to a specialist. Such confounding factors are highly likely to have resulted in CTEPH
being underdiagnosed, and subsequently undertreated [5, 34, 35]. As a result, data quantifying the burden
of CTEPH worldwide are limited, both in terms of quantity and quality.

The epidemiological analysis presented here was designed to estimate the incidence and burden of CTEPH
in the USA, Europe and Japan, based on a review of the literature, and to apply these findings to a statistical
model, enabling country-specific projections of the future burden of CTEPH to be calculated. Such an
analysis will advance understanding of CTEPH and identify areas that will require further research.

Methodology
Literature review strategy
The search strategy was initially developed in Medline using search terms selected to identify relevant
scientific publications, specifically those containing original epidemiological findings relating to CTEPH.
The terms/keywords used for the search were: “chronic thromboembolic pulmonary hypertension” OR
“CTEPH” AND “epidemiology”. A Medical Subject Heading subheading was used for the term
“epidemiology”, which includes the terms epidemics frequency, surveillance, morbidity, occurrence,
outbreaks, prevalence, endemics and incidence. Due to the lack of literature describing CTEPH
epidemiology, no specific criteria for study eligibility were used to include or exclude studies. Publications
were deemed ineligible and not included if they did not assess one or more of the predefined variables of
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interest (see the section on screening of articles and data collection) or reported studies with significant
bias in the study population, for example studies involving elderly patients only. In addition, older studies
that had been superseded by more recent studies were excluded. The keywords given above were used to
conduct Medline and PubMed searches. Publications up to June 2014 were included.

Other data sources
In addition, relevant registries and databases were searched for pertinent data: the USA-based Healthcare Cost
and Utilization Project Nationwide Inpatient Sample (2010) [36]; the Spanish National Institute of Statistics
INEbase Hospital Morbidity Survey (2009–2010) [37]; the French Institute for Public Health Surveillance
(2011) [38]; the Japanese Intractable Disease Survey (CTEPH) (2010) [39]; and the UK Hospital Episode
Statistics (2010) [40]. Further data included in the analysis were obtained from the Pulmonary Arterial
Hypertension (PAH)/CTEPH Treatment Tracking Study, Ipsos Healthcare (2012) [41, 42], unpublished
internal audit data (Papworth Hospital (Cambridge, UK) internal audit, 2013), market research and data from
the International CTEPH Association.

Screening of articles and data collection
Country-specific data were collected from the screened publications and sources for the following predefined
variables: the incidence rate of acute PE in the general population; the survival rate of patients after an acute
PE; the proportion of patients with CTEPH following a PE; the proportion of CTEPH cases without a
history of PE; the distribution of patients with CTEPH across New York Heart Association (NYHA)
functional class (FC) at diagnosis; the proportion of patients with CTEPH referred and assessed for PEA
operability; the proportion of patients with CTEPH deemed to be operable; the proportion of patients with
CTEPH who underwent PEA; the proportion of patients with CTEPH who survived PEA; and the
proportion of patients with CTEPH who developed persistent/recurrent pulmonary hypertension post-PEA.

If more than a single comparable result was collected for one of the variables listed above, the data were
aggregated and a weighted average was calculated. These weighted averages were subsequently used in the
epidemiological projection model for CTEPH detailed later.

The quality of each dataset was assessed based on sample size, population validity (whether the risk of
CTEPH in the sample was likely to be similar to that in the general population) and whether the
demographic characteristics of the sample were representative of the general population, together with
the likelihood of bias (e.g. restricted age ranges, geographical regions or treatment facilities) in the patient
samples. While these are qualitative criteria, datasets were deemed to be of good quality if the publication
contained a clear description of the data collection process and included data mostly from large,
representative, unbiased sample populations, and few or no additional calculations were needed.
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FIGURE 1 Proportion of patients who develop chronic thromboembolic pulmonary hypertension (CTEPH)
following pulmonary embolism (PE). #: studies followed-up individual patients after PE.
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Epidemiological incidence projection methods
Using country-specific population projections taken from the World Bank’s health, nutrition and
population statistics database [43, 44], an estimate of the future incidence of PE was derived using the age-
and sex-specific rates of PE obtained from the literature review. The survival rate following an episode of
PE, as estimated from the literature review, was then applied.

In order to predict the annual full (i.e. diagnosed and undiagnosed) incidence of CTEPH, two approaches
were used. For the USA and Europe, the calculation started with the incidence of diagnosed PE (online
supplementary figure S1). Taking into account the PE survival rate, the weighted average incidence of
CTEPH after an acute PE (4%; figure 1) was applied to the incidence of PE, and then the estimated
proportion of patients with CTEPH without a known prior history of PE was applied to give the
full annual incidence of CTEPH. Finally, a year- and country-specific diagnosis rate was applied to the full
incidence of CTEPH to give the overall number of diagnosed CTEPH cases (online supplementary
figure S1). Diagnosis rates for Europe and the USA were back-calculated from the number of PEA
surgeries reported in previous years by specialist centres and hospital databases. For Japan, the proportion
of patients with PE who subsequently developed CTEPH was back-calculated from the number of patients
with CTEPH registered in the Intractable Disease Survey (1590 treated patients were reported in 2011), the
incidence of PE [52] and the proportion of CTEPH cases with known PE [53]. Additional assumptions of
20% under-reporting in the Intractable Disease Survey, a diagnosis rate of 20% and a prevalence to
incidence ratio of 4.6 were used, with the incidence ratio being determined from a fitted curve of
published survival data that showed 50% survival at 5 years and 40% at 10 years post-diagnosis.

It was predicted that, through increased disease awareness, the diagnosis rate of CTEPH would increase by
+20 percentage points (+10 percentage points in Germany) over the next 20 years, equating to an increase of
+1 percentage point per annum in Europe (+0.5 percentage points in Germany) and the USA. For Japan, the
diagnosis rate was predicted to increase by +35 percentage points over the next 15 years (2.33 percentage
points per annum). The predicted increases were based on the likelihood of increased awareness/education
and the availability of medical therapy leading to greater motivation for performing differential diagnostic
tests. Finally, diagnosed CTEPH incidence rates were broken down by NYHA FC distribution at diagnosis.

Results
Literature review
The search protocol yielded 1120 potentially relevant publications; 25 were found to provide quantitative
epidemiological data relating to the variables of interest that were used in the analysis. In addition, data
from 14 other sources (e.g. national databases and market research) were included. Characteristics of the
studies are summarised in online supplementary table S1.

Incidence of PE and CTEPH
Five data sources gave incidences of PE, including age- and sex-specific rates of PE for the USA and Europe
(France, Germany, Spain and the UK) from population-based hospital databases and surveys [36–38, 40, 54].
The crude diagnosed incidence of PE in the USA and Europe ranged from 66 to 104 cases per 100000
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FIGURE 2 a) Annual diagnosed incidence of pulmonary embolism (PE), and b) annual full incidence of chronic
thromboembolic pulmonary hypertension (CTEPH) per 100000 population in Europe, the USA and Japan
(crude rates for the year 2015).
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population per year (figure 2). The survival rate at hospital discharge for patients experiencing an acute PE
event was reported to be 92% in a large survey of inpatients in the USA [36]. The incidence of PE in Japan
was reported in one publication [52] describing a population-based study. The age- and sex-specific rates of
PE presented yielded a crude rate of seven cases per 100000 population per year; much lower than those in
the USA and Europe (figure 2).

The calculated crude full incidence (i.e. diagnosed and undiagnosed) of CTEPH in the USA and Europe
ranged from 3 to 5 cases per 100000 population per year, while for Japan the rate was 1.94 per 100000
population per year (figure 2).

Three studies in European and Canadian populations assessed the NYHA FC at the time of diagnosis
among patients with CTEPH [12, 16, 18]. A weighted average of these studies indicated that 1%, 16%, 61%
and 23% of patients with CTEPH were in NYHA FC I, II, III and IV, respectively, at diagnosis (figure 3).

CTEPH incidence after PE
The proportion of patients who develop CTEPH following PE was reported in eight studies conducted in
Europe and the USA [17, 45–51]. Japanese data were back-calculated, and further data were obtained from
databases/registries. The eight studies in patients from Europe and the USA reported that the incidence of
CTEPH in patients following an episode of PE ranged from 0.1% to 9.1%, with a calculated weighted
average of 4% (figure 1). The estimate calculated for Japan was higher, with 10% of patients with PE
subsequently developing CTEPH.

Data from an international CTEPH registry (covering Canada and countries in Europe) indicated that 25%
of patients with CTEPH did not have a documented history of acute PE [10]. In contrast, one Japanese
study found that 67% of patients with CTEPH did not have a documented history of acute PE [53].

PEA operability assessment, treatment rate and outcomes
One study showed that suitability for PEA was assessed by a surgeon in 18–47% of patients diagnosed
with CTEPH in Europe, the USA and Japan [41].

The proportions of patients with CTEPH who were judged to be suitable candidates for PEA and
underwent the procedure were determined in four European studies [10, 12, 14]. PEA was deemed to be
feasible in 63–76% of patients in these studies, with a weighted average of 66% (online supplementary
figure S2). The proportion of patients with CTEPH judged to be operable who underwent PEA was
71–88%, with a weighted average across the four studies of 85% (online supplementary figure S2). Data
from the CTEPH international registry indicated that the proportion of patients with CTEPH judged to be
operable or inoperable did not vary significantly according to NYHA FC [10].

PEA survival rates, as assessed in three European studies, were high, with an estimated peri-operative
survival rate of ∼95% [15, 18, 55]. A proportion of patients undergoing PEA still experienced pulmonary
hypertension after surgery, with the rate of persistent and recurrent pulmonary hypertension following PEA
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FIGURE 3 Distribution of patients with chronic thromboembolic pulmonary hypertension by New York Heart
Association functional class (NYHA FC) at time of diagnosis by region. EU: European Union.
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reported in five European studies to be 17–31%, with a weighted average of 30% [5, 10, 16, 17, 19].
However, more recently, CANNON et al. [56] reported results from a UK national cohort of 880 patients who
underwent PEA for CTEPH, showing a post-surgical residual pulmonary hypertension rate of 51%.

Results of epidemiological projection
The back-calculated rates of CTEPH diagnosis in Europe and the USA in 2013 ranged from 7% to 29%
(figure 4). For 2015, the full annual incidence of CTEPH in France, Germany, Italy, Spain, the UK, the
USA and Japan was estimated to be 32636 cases, or 43 cases per million population (table 1). In addition,
it was calculated that only 5334 (16%) of these cases will be diagnosed. Furthermore, an estimated 3860
(72%) diagnosed cases of CTEPH will already be classified as NYHA FC III or IV. Although the
cumulative full incidence of CTEPH across the same seven countries is predicted to increase to 37009 by
2025, it is estimated that a higher proportion will be diagnosed (10205 cases, 28%) and fewer of these will
have reached NYHA FC III or IV at the time of diagnosis (6393 cases, 63%; table 1).

Discussion
This structured review of the available literature and databases confirms that robust epidemiological data
on CTEPH are required. The majority of studies providing these data were undertaken in populations in
the USA or Europe. The current epidemiological analysis suggests that the crude full incidence of CTEPH
in the USA and Europe ranges from three to five cases per 100000 population per year. Applying the
back-calculated average diagnosis rate of 14.2% for the USA and Europe in 2013, this full incidence
equates to a diagnosed incidence of 4–7 cases per million. The full incidence was calculated based on a
weighted average of 4% for the proportion of patients who develop CTEPH after PE. Data from the
INFORM study, a retrospective US-based claims analysis, suggested the proportion of PE patients
developing CTEPH to be 3.8% [57], which is close to the weighted average used in this analysis. A recent
review by KIM [58] estimates full incidence of CTEPH in the USA to be 4886 cases per year, based on an
incidence of CTEPH after PE of 0.57%, as reported by KLOK et al. [50], while the diagnosed incidence of
CTEPH in Spain, the UK and Germany is reported to be 0.9, 1.75 and 4 cases per million, respectively
[59]. It is clear that when calculating the full incidence of CTEPH, the rate of CTEPH following PE is
highly influential on the final projection; however, irrespective of the rate of CTEPH from PE used in
estimates, it appears that a large proportion of incident cases of CTEPH are undiagnosed each year. The
epidemiological projections made in this study indicate that the full incidence of CTEPH will increase over
time from an estimated 32636 cases (5334 (16%) diagnosed) in 2015 to an estimated 37009 (10225 (28%)
diagnosed) in 2025 in the seven countries included in the calculation. In addition, the projections indicate
that a large proportion of those diagnosed are likely to be in the late stages of the disease.

Nonresolution of acute PE is the most common cause of CTEPH [5] and consequently, past epidemiological
research has focused on CTEPH in relation to PE. Early estimates indicated that CTEPH occurs in
∼0.1–0.5% of patients who survive an episode of acute PE [2]; however, this epidemiological analysis shows
that more recent data indicate varying and potentially much higher incidences of CTEPH following an
acute PE episode, ranging from 0.1% to 9%. Early research reported that there was no documented history
of PE or VTE in up to half of all patients with CTEPH, suggesting that PE may not be the only potential
cause of CTEPH [4, 8]. Furthermore, recent data from the large international prospective registry of patients
with CTEPH indicated that only 25% of patients did not have a history of acute PE or VTE [10]. While it is
not clear how many patients experiencing a PE develop CTEPH, the ongoing Follow-Up after Acute
Pulmonary Embolism (FOCUS) study is investigating this question. FOCUS is a prospective, multicentre,
observational cohort study that will monitor patients with acute PE for 2 years for signs and symptoms of
CTEPH, and collect data on the incidence of CTEPH following PE [60].

FIGURE 4 Proportions of patients with
chronic thromboembolic pulmonary
hypertension (CTEPH) who were
diagnosed in Europe, the USA and
Japan in 2013.
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The rate of PE in Japan appears to be substantially lower than that observed in the USA and Europe,
although these data are from a single study. Interestingly, despite Japan having a lower incidence of PE,
the rate of CTEPH incidence before intervention is proportionally much higher than those reported in
Europe and the USA. Many explanations for the disparities in the incidences of PE and CTEPH between
Japan and Europe and the USA have been proposed (e.g. genetics, population demographics and lifestyle)
[61–65]. Alternatively, it may be that only severe cases of PE are diagnosed while mild cases are not
detected, and consequently not reported.

It is likely that the difficulty in diagnosing CTEPH, due to the lack of an identifiable causative event and/or
the lack of early definitive symptoms of CTEPH, will have introduced a certain amount of variability in
CTEPH diagnostic rates and impacted these findings. However, such variability may have arisen as a
consequence of differences in study design, patient populations or diagnostic methods and criteria [66].
There is a need for physicians to consider that CTEPH may occur without a history of PE [2], and that
there may be a proportion of patients with CTEPH in whom asymptomatic PE and VTE occurs without
being diagnosed, or a proportion of patients who have CTEPH but are misdiagnosed with other forms of
pulmonary hypertension, such as PAH. Furthermore, it should also be considered that some patients who
are diagnosed with an acute PE may already have underlying unidentified CTEPH at the time of
presentation. This postulation is supported by a prospective multicentre study by GUÉRIN et al. [66] who
performed haemodynamic evaluation for CTEPH in 146 patients, with no previous history or other risk
factors for pulmonary hypertension at the time of their acute PE diagnosis. Initial echocardiography and
multidetector computed tomography data suggested the presence of CTEPH in eight patients, which was
confirmed by right heart catheterisation and ventilation/perfusion (V′/Q′) scan in seven of these patients.
Age, previous VTE, proximal PE and high levels of systolic pulmonary artery pressure and brain natriuretic
peptide were identified as risk factors for CTEPH. These findings suggest that close follow-up and CTEPH
screening may be beneficial in patients presenting with acute PE, especially those with high-risk factors for
CTEPH. Screening should involve a systematic re-evaluation of systolic pulmonary artery pressure by
echocardiography and perfusion defect on V′/Q′ scan, particularly in patients with ongoing dyspnoea
3–6 months after curative anticoagulation of their PE. Use of echocardiography alone is not optimal, as
CTEPH may be missed if the echocardiogram shows only mild abnormalities [1, 67].

Geographical variations in CTEPH diagnosis rates identified in this study (for example, the apparently
relatively higher diagnosis rate in the UK than in Spain or the USA) may reflect regional variations in
diagnostic practices. GALL et al. [41] recently reported the findings of an international physician survey of
CTEPH management practice, in which it was found that a relatively higher proportion of patients in Europe
than the USA (43% versus 12%) were diagnosed with CTEPH in pulmonary hypertension expert centres. In
addition, the use of V′/Q′ scanning in the diagnosis of CTEPH was very low (40% and 45% in pulmonary
hypertension centres in Europe and the USA, respectively), contrary to guideline recommendations. The
authors suggested that there may be a need for increased education, awareness of guidelines and/or availability
of resources to improve CTEPH diagnosis rates worldwide. In addition, data from the INFORM study suggest
that V′/Q′ scanning, right heart catheterisation and pulmonary angiography are underused in the USA [57].

This epidemiological study showed that most patients were in NYHA FC III or IV at diagnosis. This,
together with the low diagnosis rates derived from the projection model, indicate that CTEPH remains an

TABLE 1 Projected estimates of the annual incidence of full and diagnosed cases of chronic
thromboembolic pulmonary hypertension (CTEPH) in Europe, the USA and Japan

2015 2025

Full incidence
of CTEPH

Diagnosed incidence
of CTEPH

Full incidence
of CTEPH

Diagnosed incidence
of CTEPH

France 3310 650 3744 1154
Germany 3879 674 4065 934
Italy 2747 529 2975 905
Spain 1603 133 1833 357
UK 2087 617 2347 956
USA 16566 2000 19531 4543
Japan 2444 732 2513 1356
Total 32636 5334 37009 10205
NYHA FC III/IV 3860 6393

Data are presented as n. NYHA FC: New York Heart Association functional class.
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underrecognised and underdiagnosed disease. This is supported by two recent studies which examined the
time delay from onset of symptoms to diagnosis/referral to a pulmonary hypertension expert centre. In
one study, HELD et al. [68] reported a mean delay from symptom onset to diagnosis of CTEPH of
18±26 months, with most patients presenting with World Health Organization (WHO) FC III or IV. The
second study in patients with PAH also identified a significant deterioration in FC associated with a
prolonged time between patient-described symptom onset and diagnosis of PAH by right heart
catheterisation, which the authors considered could potentially impact on mortality [69], although it
should be considered that the natural history of PAH is not the same as that of CTEPH. The consequence
of late diagnosis is that treatment options may become limited due to comorbidities and organ damage,
and the patient’s quality of life may be severely compromised [70]. There appeared to be regional
variations in the numbers of patients in NYHA FC III/IV at diagnosis in this study, particularly between
Japan and Europe. An international physician survey of CTEPH diagnosis and management practice
showed that the majority of patients were in WHO FC III/IV at diagnosis, with some variation in
WHO FC between the regions assessed (which included Europe, the USA and Japan) [41]. The reasons for
these regional differences are unclear, but may relate to levels of awareness of CTEPH in different regions,
which could then impact on likelihood of earlier diagnosis.

PEA is the treatment of choice for CTEPH, as it is potentially curative. However, one study indicated that
many patients diagnosed with CTEPH are not assessed by a surgeon for PEA operability [41]. Furthermore,
among patients who are assessed and have been deemed to be eligible for PEA, only ∼85% undergo the
procedure. Interestingly, it appears that eligibility for PEA in CTEPH is not dependent on disease severity, as
there was little variation by NYHA FC [10]. Given the low peri-operative mortality rates when performed in
experienced centres, and the improved survival of patients who have undergone PEA compared with those
who have not [71], it is important to ensure that all patients with CTEPH are referred for surgical
assessment, in line with the 2015 ERS/ESC guidelines for the treatment of pulmonary hypertension [1].

There are a number of limitations to the analyses in this study. While the weighted average incidence of
CTEPH after an acute PE of 4% in this study was generally similar to the weighted incidence of 3.8%
determined in the INFORM study [57], a subsequent and recent systematic review and meta-analysis of 16
studies has suggested lower incidences of CTEPH after acute PE: 0.56% in “all comers” (n=1186), 3.22% in
“survivors” (n=999) and 2.79% in “survivors without major comorbidities” (n=1775) [72], which suggests
that the full incidence of CTEPH may be lower. As PEA is performed infrequently in Japan, with
physicians favouring BPA, the diagnosis rate for Japan is an assumption, based on the diagnosis rates
calculated for the other countries; however, there is a possibility that the real figure is higher.

Nevertheless, the estimates from the epidemiological projection model suggest that CTEPH incidence will
continue to increase in the USA, Europe and Japan over the next decade. Moreover, there is a current
trend of considerable demographic redistribution towards larger populations of older patients; therefore,
the burden of CTEPH is likely to increase further. The increasing incidence of CTEPH predicted here
emphasises the need for improved education regarding CTEPH diagnosis and treatment.

In conclusion, more high-quality epidemiological studies, investigating both CTEPH and PE are needed to
verify the accuracy of the epidemiological projections in this study. The low diagnosis rates derived from the
projection model, and the high proportion of patients who are in NYHA FC III or IV at the time of
diagnosis, demonstrate that CTEPH remains an underdiagnosed disease. These factors highlight the need for
better recognition of CTEPH and incorporation of current treatment guidelines into daily practice
(particularly among physicians outside expert centres) to ensure early diagnosis and appropriate treatment.
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