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Ab s t r a c t
Chronic thromboembolic pulmonary hypertension
(CTEPH) is a rare complication of acute pulmonary
embolism (PE) with an estimated incidence of 0.5 to
1.5% in the Netherlands, depending on the aetiology of
the PE. The underlying pathophysiological mechanism
is largely unknown and may be caused by (recurrent)
emboli or primarily by a characteristic arteriopathy of
the pulmonary arteries. Patients with CTEPH present
with nonspecific symptoms predominantly caused by
right heart failure and up to 40% have no prior history of
venous thromboembolism (VTE). The diagnostic approach
of CTEPH aims at assessing the location and extent of
the embolic obstruction to establish the operability and
prognosis of the patients. A heart catheterisation for
invasive pressure measurements is obligatory for the final
diagnosis. CTEPH is associated with a poor prognosis
if left untreated. The preferred treatment is pulmonary
endarterectomy. In certain patients with inoperable disease
or with persistent or recurrent pulmonary hypertension
after surgery, pharmacotherapy might be beneficial.

bleeding or recurrent emboli, the long-term prognosis
of patients with acute PE is complicated by high rates
of other PE-related serious clinical events including
increased mortality risk, arterial cardiovascular disease,
i.e. previous studies have demonstrated an increased risk
for myocardial infarction and cerebral vascular accidents
after PE compared with control patients, and pulmonary
hypertension caused by incompletely resolved pulmonary
emboli.1,2 This last-mentioned condition, known as chronic
thromboembolic pulmonary hypertension (CTEPH),
is a very serious disease associated with progressive
physical disability and a high mortality risk.3-6 Pulmonary
hypertension is defined by an invasively measured mean
pulmonary artery pressure exceeding 25 mmHg at rest and
a normal pulmonary capillary wedge or left ventricular
end-diastolic pressure of less than 15 mmHg.3-5 In addition
to intraluminal thrombus organisation resulting in fibrous
stenosis or complete obliteration of the pulmonary arteries,
CTEPH is characterised by intense remodelling of the
small pulmonary arteries in those areas that are affected
but also that are spared from thromboembolic occlusion,
both processes leading to a chronic increase in pulmonary
vascular resistance and progressive right heart failure.3-5
Epidemiological and clinical aspects of this disease as well
as the latest evidence on the management of patients with
CTEPH will be the main focus of this summary.
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Pa t h o p h y s i o l o g y
Introduction
In recent years, several plausible pathophysiological
mechanisms for CTEPH have been postulated: 1)
asymptomatic recurrent emboli after an initially effectively
treated PE, 2) failure of resolving an acute embolus despite
effective treatment or because of ineffective treatment and

Pulmonary embolism (PE) is a common disorder
with an estimated yearly incidence of 0.7 to 1 per
1000 inhabitants in the Western world. In addition to
short-term adverse clinical outcomes, such as death,
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3) in situ thrombus formation as a reaction to vascular
remodelling from a nonthromboembolic origin, e.g.
in pulmonary arterial hypertension (PAH).6 However,
numerous valid pro and contra arguments for these three
mechanisms prevent the proposal of a straightforward
pathophysiological concept.
The first important evidence against the first two proposed
‘embolic’ mechanisms is the lack of a prior history of
symptomatic VTE in up to 40% of the patients with
established CTEPH.7,8 Second, a recent meta-analysis of
imaging studies evaluating the thromboembolic resolution
rate after acute PE found that possibly over 50% of the
patients have evidence of residual emboli six months
after the acute event. Only a very small proportion of
these patients is at risk for developing CTEPH.9 Third,
there is a lack of correlation between elevated pulmonary
artery pressure and the degree of angiographic vascular
bed obstruction.10 Furthermore, the pulmonary artery
pressure can progress in the absence of recurrent PE or
increased vascular obstruction rate.10 Fourth, decreased
fibrinolytic potential has not been identified in patients
with CTEPH.3,11 Finally, the remarkable resemblance
between the histopathology of patients with CTEPH and
those with PAH has been used as evidence against the
existence of two distinct pathogenetic mechanisms.3,11
On the other hand, there is clear evidence for a causal
relation between VTE and CTEPH.8 Further, CTEPH can
be cured after a successful pulmonary endarterectomy,
which opposes an underlying pulmonary artery endothelial
condition.7,12 Lastly, basic research has revealed a possible
link between pulmonary emboli and the development
of endothelial damage: thrombi cause a local increase in
pulmonary artery endothelial permeability, resulting in
an access of growth factors, cytokines and vasoreactive
factors to both endothelial and pulmonary artery smooth
muscle cells. These processes cause a local procoagulant
and proinflammatory state and consequently initiate the
remodelling process characteristic for CTEPH.7,13
Future studies should further investigate the pathogenesis
behind the above-described observed associations. It is
generally appreciated that CTEPH may not be explained
simply by either unresolved or recurrent emboli, or by
in-situ thrombosis only, and that all three processes are
likely to contribute to the disease mechanism of CTEPH.

diagnostic criteria between relevant studies: selection
of patients was often based on the aetiology of the acute
PE excluding patients with permanent or temporary risk
factors for VTE, patients with further comorbid conditions
associated with pulmonary hypertension were frequently
excluded and the diagnosis of CTEPH was not always
confirmed by right heart catheterisation.3,14-17
In the widely quoted study by Pengo et al., 223 patients
diagnosed with acute PE were followed for a mean period
of 94.3 months.14 Patients who had otherwise unexplained
dyspnoea on exertion or at rest were considered to have
CTEPH and underwent echocardiography. In the presence of
supportive findings on echocardiography, further diagnostic
tests including right heart catheterisation were performed.
The cumulative incidence of CTEPH was 1.0% after six
months, 3.1% after 12 months and 3.8% after 24 months.14
Notably, because of strict exclusion criteria including the
presence of pre-existing exertional dyspnoea or diseases
that could have caused nonthromboembolic pulmonary
hypertension, an unknown but relevant proportion of the
patients were not included in the final analysis.
The incidence of CTEPH after acute PE was evaluated in
a recent study by our department.18 In order to construct
a representative study population, all consecutive patients
diagnosed with an episode of acute PE in the period
between 1 January 2001 and 1 July 2007 in the Leiden
University Medical Center (Leiden, the Netherlands) and
affiliated teaching hospital Medical Center Haaglanden
(The Hague, the Netherlands) were eligible for study
inclusion, irrespective of age, medical history or comorbid
conditions. The clinical and outpatient charts of these
patients were searched for an established diagnosis of
pulmonary hypertension. When present, all relevant data
regarding the diagnosis, treatment and follow-up of these
patients were collected. Further, the cause of death from
all patients who had died before the start of the study
(1 July 2007) was verified with the treating physician or
general practitioner. Finally, all surviving patients who
were not yet diagnosed with pulmonary hypertension
were contacted and interviewed regarding their medical
history and current clinical condition. All these patients
were invited for a transthoracic echocardiography that was
followed by right heart catheterisation and conventional
pulmonary angiography when one of the predefined
echocardiographic criteria for suspected pulmonary
hypertension was met.18 CTEPH was diagnosed according
to the most recent international guidelines.5 Of the 877
identified patients with acute PE, 11 (1.3%) were excluded
due to geographical reasons, 259 (30%) had died and four
(cumulative incidence 0.57%, 95% confidence interval
(CI) 0.02 to 1.2%) were diagnosed with CTEPH.18 The risk
for CTEPH after unprovoked PE, i.e. PE according in the
absence of thrombotic risk factors, was three times higher
(cumulative incidence 1.5%, 95% CI 0.08 to 3.1%).18 The

Ep i d e m i o l o g y
Incidence of CTEPH
The true incidence and prevalence of CTEPH in the
general population are unknown.3 The incidence of
CTEPH after acute PE, however, has been reported to
vary between 0.1 and 8.8%.3,14-17 This wide range can be
explained by important differences in the inclusion and
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main limitation of this study was the lack of objective
tests to rule out CTEPH in the patients who had died
and those who refused or were not able to participate. In
those patients, CTEPH was considered not present if an
alternative cause of death was reported or in the absence of
unexplained exertional dyspnoea. Of note, these diagnostic
criteria were also applied by Pengo et al. 14

of CTEPH. A possible diagnostic algorithm in the
above-mentioned cases is demonstrated in figure 1.
Diagnostic tests
Studies defining the optimal diagnostic management
in case of suspected CTEPH are lacking. Nonetheless,
experts agree that the primary evaluation of these patients
should be focused on determining the degree of pulmonary
hypertension and cardiac compromise present, to confirm the
diagnosis CTEPH by ruling out alternative conditions and to
establish surgical accessibility and the potential operability of
the patient. This diagnostic algorithm should at least consist
of transthoracic echocardiography, pulmonary function tests,
high resolution computed tomography (CT) of the chest,
VQ lung scan and right heart catheterisation for invasive
pressure measurements and conventional pulmonary artery
angiography.3,5,19,20 The use of CT or MRI for pulmonary
angiography or cardiac functional measurements in the
diagnostic management of patients with suspected CTEPH
is yet to be determined. However at present, these imaging
modalities cannot replace right heart catheterisation.5,19
In the presence of a completely normal echocardiography
or ventilation perfusion scintigraphy, the diagnosis
of CTEPH is highly unlikely.5 In addition, recent yet
unpublished data from our department suggest that a
combination of an ECG without signs of right ventricular
overload in combination with a normal NT-pro-BNP level
also virtually excludes CTEPH ( figure 1): even with high
assumed disease prevalences of up to 10%, the negative
predictive value of this model proved to be over 99%.

Risk factors for CTEPH
In a recently published controlled retrospective cohort
study, prevalent CTEPH cases were collected in three
European CTEPH referral centres and compared with
nonthromboembolic precapillary PAH cohorts at the
same institutions. The study population consisted of
687 patients diagnosed between 1996 and 2007. Blood
groups other than 0 (odds ratio (OR) 2.1, 95% CI 1.1 to
3.9), a history of malignancy (OR 3.8, 95% CI 1.5 to 10),
lupus anticoagulant/antiphospholipid antibodies (OR
4.2, 95% CI 1.6 to 12), previous VTE (OR 4.5, 95% CI
2.4 to 9.1), recurrent VTE (OR 15, 95% CI 5.4 to 43),
thyroid replacement therapy (OR 6.1, 95% CI 2.7 to 15),
splenectomy (OR 18, 95% CI 1.6 to 2.4), ventriculo-atrial
shunts and infected pacemakers (OR 76, 95% CI 7.7 to 10)
were more often associated with CTEPH.8 Importantly,
these odds ratios can not be applied to daily clinical
presence in patients with acute PE since a history of venous
thromboembolic disease was lacking in 40% of the CTEPH
patients. Pengo, who used acute PE as the main inclusion
criteria of his study, found younger age (OR 1.8 per 10
years age difference, 95% CI 1.2 to 1.9), larger perfusion
defects at diagnosis (OR 2.2 per decile decrement in
perfusion, 95% CI 1.5 to 3.3), unprovoked PE (OR 5.7, 95%
CI 1.4 to 23) and recurrent PE (OR 19, 95% CI 4.5 to 80)
to be independent predictors of CTEPH after acute PE.14

Screening for CTEPH
Potential screening programs for CTEPH after PE should
employ tools that are noninvasive, widely available and
applicable, and importantly, that can distinguish patients
who are in early stages of CTEPH from those who are
not at risk of developing this condition. Because of the
lack of understanding of the natural history of CTEPH,
the absence of preventive treatment measures in very
early stages of the disease as well as the very low risk
of developing CTEPH following acute PE, screening
for CTEPH does not seem warranted. In addition, one
study showed a very low yield of an echocardiography
based screening program on top of routine clinical care,
underlining the former recommendation.18

Diagnostic m anagemen t
Clinical signs and symptoms
Patients with CTEPH typically present with nonspecific
symptoms of right heart failure: progressive dyspnoea
on exertion, fatigue, palpitations, syncope, haemoptysis
or chest pain.3,4 Physical examination may reveal
findings consistent with pulmonary hypertension and/or
right-sided heart failure: a prominent component of S2, a
systolic murmur of tricuspid regurgitation or a diastolic
murmur of pulmonary valve regurgitation, jugular venous
distension, lower-extremity oedema, hepatomegaly, ascites
and cyanosis. The nonspecific symptoms and the often
unremarkable physical examination in the early course
of the disease contribute to diagnostic delay. However,
exertional dyspnoea or a progressive decline in exercise
capacity out of proportion to that expected, considering
coexisting medical conditions, should raise the suspicion

Treatment and prognosis
Historical data indicate that if left untreated, CTEPH is
associated with a poor five-year survival, ranging from 10
to 40% dependent on degree of elevation of the pulmonary
artery pressure.6 Although patients with CTEPH should
receive lifelong anticoagulation treatment for the prevention
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Figure 1. Proposed diagnostic algorithm in patients with persistent exertional dyspnoea following acute pulmonary embolism
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following acute PE
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yes

CT-scan

no

Alternative diagnosis

no

ECG and NT-pro-BNP

yes

PH not
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yes

suspected PH*

Echocardiography

no alternative
diagnosis

•
•
•
•

Pulmonary function test
Full blood exam
Exercise test
Other

alternative
diagnosis

no PH

Discrepancy between
severity of dyspnoea and
alternative diagnosis

no

suspected PH
Optimal treatment,
follow-up

VQ-scan, HR-CT, pulmonary function,
test, heart catheterisation, angiography

CTEPH/PH

Refer to specialised centre

Normal age- and sex-corrected NT-pro-BNP levels and no evidence of right ventricular overload on ECG. *Elevated age- and sex-corrected NT-proBNP levels or evidence of right ventricular overload on ECG (right axis deviation, right bundle branch block or right ventricular hypertrophy); PE =
pulmonary embolism; CTEPH = chronic thromboembolic pulmonary hypertension; PH = pulmonary hypertension; CT = computed tomography;
ECG = electrocardiogram; VQ = ventilation perfusion.
†

of recurrent venous thromboembolism, this cannot prevent
disease progression.5 Surgical intervention with pulmonary
endarterectomy (PEA) is the preferred treatment of
CTEPH.3,12 The success of PEA is based on the concept that
a true endarterectomy, establishing a dissection plane to
free the thrombotic residua from the native vessel wall, and
not an embolectomy is necessary. The pulmonary artery is
optimally exposed during periods of circulatory arrest and
deep hypothermia to achieve a bloodless operative field.12
The goal of PEA is to improve pulmonary haemodynamics,
exercise capacity, symptoms and survival. The procedure
may be curative in appropriately selected patients and is
associated with an improved six-year survival rate of 75%.21-23
There is general consensus that current surgical techniques
allow removal of organised thrombi whose proximal extent

is in the main or lobar pulmonary arteries.12 Consequently,
PEA is contraindicated in patients with predominantly distal
CTEPH, with severe comorbid conditions associated with
increased perioperative mortality (in particular obstructive
or parenchymal lung disease) or those with a preoperative
haemodynamic profile with limited anticipated postoperative
improvement. These patients as well as patients with
persistent or recurrent pulmonary hypertension after PEA
might be appropriate candidates for pharmacotherapy. Several
open-label studies with prostaglandin derivatives, endothelin
receptor antagonists and phosphodiesterase type 5 inhibitors
in patients with CTEPH have been reported, and most
suggest haemodynamic or clinical improvement.23-26 Up to
now, only one randomised clinical trial has been performed
in patients with inoperable CTEPH.27 In this study, a 16-week
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treatment with the oral dual endothelin receptor antagonist
bosentan resulted in a significant reduction in pulmonary
vascular resistance and NT-pro-BNP levels as compared with
placebo. However, the treatment did not show any effect
on the six-minute walking distance nor an improvement in
the time to clinical worsening.27 There is no evidence that
pharmacotherapy in patients with CTEPH is associated
with either increased survival or, when used as preoperative
bridging therapy, with improved postoperative outcome. In
general, patients with CTEPH should be referred to an expert
centre for either PEA or inclusion in clinical trials.
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