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Chronic thromboembolic pulmonary hypertension (CTEPH) is a rare form of pulmonary hypertension,
classified as group 4 in the present clinical classification [1, 2]. CTEPH is generally considered a late
complication of one or multiple episodes of acute pulmonary embolism that have not resolved despite at
least 3 months of therapeutic anticoagulation. Haemodynamically, CTEPH is characterised by a mean
pulmonary arterial pressure of at least 25 mmHg at rest, measured during right heart catheterisation.

The mechanisms of pulmonary hypertension in CTEPH are not unequivocal. Obstruction of pulmonary
arteries by nonresolving thromboembolic material is generally considered the initial trigger, at least in
most cases. In addition, some patients develop a secondary peripheral vasculopathy, in particular with
long disease duration [3, 4]. Histologically, these vascular lesions resemble those seen in pulmonary
arterial hypertension [5, 6]. The progressive development of these microvascular changes could explain
why patients with CTEPH deteriorate if left untreated, even in the absence of recurrent pulmonary emboli.

The incidence of CTEPH in the general population is largely unknown and the same is true for the
incidence of CTEPH in survivors of pulmonary embolism. The reported frequency of CTEPH after
pulmonary embolism is highly variable, ranging from 0.1% to more than 10%. It would be important for
clinicians to have more accurate data on the incidence of CTEPH in order to provide evidence-based
recommendations regarding the usefulness of screening for CTEPH in patients who have survived
pulmonary embolism. In addition, more reliable data on the incidence of CTEPH after acute pulmonary
embolism could allow a better estimate of the incidence of CTEPH in the general population.

In the present issue of the ERJ, ENDE-VERHAAR et al. [7] present a meta-analysis of the published data on
the incidence of CTEPH after pulmonary embolism. The authors selected 16 studies based on strict
criteria, including prospective cohorts of patients who received a diagnosis of pulmonary embolism based
on established diagnostic tools (multidetector computed tomography or ventilation/perfusion
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scintigraphy), a mean follow-up time was approximately 2 years and a diagnosis of CTEPH based on
standard criteria, including right heart catheterisation. The overall weighted pooled incidence of CTEPH
across all studies, totalling more than 4000 patients with a confirmed acute pulmonary embolism, was
2.3%. In addition, the authors evaluated the incidence of CTEPH in two main predefined cohorts: “all
comers” including all consecutive patients with a pulmonary embolism without any exclusion criteria; and
“survivors”, i.e. patients who survived for at least 6 months after pulmonary embolism.

The “all comers” population included only 2 studies (1186 patients who had been followed for 2–3 years)
and the pooled CTEPH incidence in this cohort of patients was low (0.56%). In contrast, in the
“survivors” population (n=999, coming from different publications than the “all comers”), the pooled
CTEPH incidence was 3.2%. The risk of CTEPH was higher in patients with non-provoked pulmonary
embolism than in patients with provoked pulmonary embolism and was also higher in patients with
recurrent thromboembolic events than in patients with a single episode of pulmonary embolism.

The authors concluded that the 0.56% incidence in “all comers” probably provides the best reflection of
the incidence of CTEPH after acute pulmonary embolism but that the ∼3% incidence in survivors may be
more relevant for clinical practice. However, what is of most concern is the ∼6-fold difference between the
two cohorts. The authors provide several possible explanations but the main reason for the observed
difference may be the simple fact that different studies were considered. In addition, the lower incidence in
“all comers” could reflect an underestimation as patients may have died before confirmation of the
CTEPH diagnosis. For example in the study by MINIATI et al. [8], of the 834 patients included, 271 patients
died with a majority of in-hospital deaths (60% of all deaths).

At the same time, the incidence of CTEPH could have been overestimated in the “survivors” group, due to
the possibility that some patients diagnosed at baseline as having acute pulmonary embolism in fact
already had CTEPH. So far, only one study has properly addressed this issue; in the study by GUERIN et al.
[9], a total of 146 patients with acute pulmonary embolism and no history of severe cardiac and
respiratory disease were treated with therapeutic anticoagulation. During a median follow-up of
26 months, eight of the 146 patients had suspected CTEPH because of persistent dyspnoea and abnormal
echocardiographic findings. CTEPH was confirmed by right heart catheterisation in seven patients (4.8%;
95% CI 2.3–9.6). However, at the time of index acute pulmonary embolism episode, only two patients had
systolic pulmonary artery pressure (sPAP) <50 mmHg; in the remaining five patients, sPAP ranged from
62–102 mmHg, making it highly likely that these patients were already suffering from CTEPH when a
diagnosis of pulmonary embolism was made; this level of sPAP is indeed not compatible with a first
episode of acute pulmonary embolism in patients without a history of cardiorespiratory diseases because
the nonadapted right ventricle cannot generate such high pressures [4].

It is therefore likely that in this cohort, CTEPH was already present at the time of index acute pulmonary
embolism in five out of seven patients. This notion was confirmed by review of the initial multidetector
computed tomography by a senior radiologist, which showed that all patients with confirmed CTEPH had
fulfilled at least two criteria for this condition at the initial presentation. Hence, the cumulative incidence
of CTEPH after acute pulmonary embolism in the study by GUERIN et al. [9] was not 4.8% but 1.5% (two
out of 146), at most.

In France, it has been established that about 30000 episodes of acute pulmonary embolism occur each year
[10]. Considering a CTEPH incidence of 0.5% after an acute pulmonary embolism, the annual incidence of
CTEPH would be 150; this would be an underestimation as 150 new CTEPH patient are operated upon
each year, representing less than 50% of the overall incident CTEPH population (operated and
non-operated). However, an incidence of 3% would probably be an overestimation, resulting in 900 new
CTEPH patients a year in France. In the French pulmonary hypertension registry, the number of CTEPH
patients newly identified each year is approximatively 300, although this registry is not totally exhaustive.
Hence, the most realistic estimate of the incidence of CTEPH after acute PE is probably between 1–2%.

The main methodological limitations in all previous studies were the small sample sizes (only two of the
16 studies included in the meta-analysis of ENDE-VERHAAR et al. [7] selected more than 500 patients with
pulmonary embolism) and low numbers of CTEPH patients identified (fewer than 10 in 14 of the 16
studies). Hence, the error margin is high. Ideally, such studies should include at least 1000patients, in
order to provide reliable data, such as the currently ongoing Follow-up after acute pulmonary embolism
(FOCUS) study (German Clinical Trials Registry identifier DRKS00005939) [11].

Pending further data, the meta-analysis by ENDE-VERHAAR et al. [7] provides important information and
helps in guiding clinical practice. Given the low incidence of CTEPH after acute pulmonary embolism
(0.5–3%), it does not seem suitable to systematically screen survivors of acute pulmonary embolism for the
development of CTEPH, reinforcing the recommendations made in current guidelines. Still, CTEPH
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should be considered and the threshold for further diagnostic tests should remain low in patients who
remain symptomatic after one or more thromboembolic events.
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