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earlier referral to expert centres and improved prognosis http://bit.ly/2Qb9jOt
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ABSTRACT Chronic thromboembolic pulmonary hypertension (CTEPH) is the most severe long-term
complication of acute pulmonary embolism (PE). Untreated CTEPH is fatal, but, if diagnosed in time,
successful surgical (pulmonary endarterectomy), medical (pulmonary hypertension drugs) and/or
interventional (balloon pulmonary angioplasty) therapies have been shown to improve clinical outcomes,
especially in case of successful pulmonary endarterectomy. Early diagnosis has however been demonstrated
to be challenging. Poor awareness of the disease by patients and physicians, high prevalence of the post-PE
syndrome (i.e. persistent dyspnoea, functional limitations and/or decreased quality of life following an
acute PE diagnosis), lack of clear guideline recommendations as well as inefficient application of diagnostic
tests in clinical practice lead to a reported staggering diagnostic delay >1 year. Hence, there is a great need
to improve current clinical practice and diagnose CTEPH earlier. In this review, we will focus on the
clinical presentation of and risk factors for CTEPH, and provide best practices for PE follow-up
programmes from expert centres, based on a clinical case.
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Introduction
Chronic thromboembolic pulmonary hypertension (CTEPH) is considered to be the most serious
long-term complication of acute pulmonary embolism (PE), affecting 2–4% of PE survivors [1–3]. CTEPH
is characterised by persistent obstruction of the pulmonary arteries by organised fibrotic thrombi with
secondary microvascular remodelling leading to increased pulmonary vascular resistance, pulmonary
hypertension (PH) and right heart failure [4, 5]. Of note, since a history of acute PE or deep vein
thrombosis is lacking in up to 30% of patients with proven CTEPH, the pathophysiology of CTEPH may
not (always) be as “simple” as poorly resolved PE. Other mechanisms could involve recurrent “silent”
pulmonary emboli or in situ thrombosis [6]. In the latter scenario, the acute clot would not trigger
pathological pulmonary artery remodelling, but it would be the other way around.

While historical cohort studies have shown that untreated CTEPH is associated with a considerable
mortality, patients nowadays have a much better prognosis due to advanced treatment options, including
pulmonary endarterectomy, balloon pulmonary angioplasty and PH drugs [7–10]. Importantly,
epidemiological studies have provided convincing arguments for gross underdiagnosis of CTEPH [1].
Moreover, the current diagnostic delay of CTEPH is a staggering 12 months or even longer, reflecting poor
awareness for the disease and inefficient application of diagnostic tests [9, 11–13]. Notably, this delay has
been associated with a more advanced disease stage at the moment of diagnosis, as well as with higher
overall mortality; although this was mainly true for the highest tertile of delay [14]. Hence, there is a great
need to improve current clinical practice and diagnose CTEPH earlier.

In this review, we will focus on the clinical presentation of and risk factors for CTEPH and provide
current best practices for PE follow-up programmes from expertise centres, based on a clinical case.

Clinical case
A 46-year-old woman was diagnosed with recurrent acute PE 10 weeks before current presentation. Her
medical history was notable for an episode of acute PE after a long-haul flight 6 years ago for which she
had received 3 months of anticoagulation therapy, mild COPD and Hashimoto’s thyroiditis treated with
thyroid hormones. Medication at the moment of the recurrent PE diagnosis included levothyroxine,
ipratropium, salbutamol, pantoprazole and a multivitamin. She had been in her usual state of health until
2 months before the diagnosis of recurrent PE, when progressive exercise-induced dyspnoea developed.
Increasing usage of the inhaled salbutamol had no beneficial effect. On the day of the recurrent PE
diagnosis, she had woken up with a sharp pleuritic chest pain. She did not have symptoms of deep vein
thrombosis and provoking factor for venous thromboembolism were not present. A computed tomography
pulmonary angiography (CTPA) had confirmed the diagnosis of unprovoked bilateral lobar PE (figure 1).
Because of a sub-optimal oxygen saturation at rest upon presentation (saturation 92% while breathing
room air), she was hospitalised for 4 days and treatment with apixaban was initiated.

At discharge she felt better, but despite adhering closely to the medication, she had not fully recovered:
she was still unable to complete her usual 4-mile morning run in a pace she could be satisfied with, and
was unable to work full-time due to persistent chest pain, dyspnoea and anxiety. She had searched the
internet and found that her symptoms could fit CTEPH. She now seeks counselling with regard to the
possibility of CTEPH. What diagnostic test would be indicated at this point?

Who and when to test for CTEPH?
Natural course of symptom recovery after acute PE
Several cohort studies have shown that approximately 40–50% of patients report persistent or worsening
dyspnoea and functional limitations in the course of adequately treated acute PE, a prevalence of dyspnoea
that is higher than expected in the general population and greatly affects quality of life [15–24]. In these
studies, dyspnoea was defined as symptoms corresponding to a New York Heart Association (NYHA)
functional class ⩾II, with 10–20% of patients categorised as NYHA functional class III or IV [15–18].
Notably, symptoms of dyspnoea and results of a 6-min walking test improve in the majority of patients in
the first months following an acute PE diagnosis, although most improvement occurs in the first
3 months. The presence of persistent dyspnoea, functional limitations and/or decreased quality of life
following an episode of acute PE has recently been referred to as the “post-PE syndrome” although this
entity encompasses heterogeneous aetiologies [25–28].

The most severe cause of persistent dyspnoea after acute PE remains CTEPH. The increase in pulmonary
artery pressure characteristic for CTEPH results from increased pulmonary artery resistance caused by
fibrotic organisation of unresolved PE. Besides, perfusion diverted to unobstructed lung areas combined to
anastomoses of hypertrophic systemic (bronchial) circulation in the obstructed areas, contribute to
increase pulmonary artery resistance by inducing microvasculopathy [4]. In addition to PH, ventilation of
obstructed areas or dead space ventilation may also limit physical performance [3, 29]. Significant exercise

https://doi.org/10.1183/13993003.00189-2020 2

PULMONARY VASCULAR DISEASE | F.A. KLOK ET AL.



limitation can also be observed in patients with chronic pulmonary embolism and normal pulmonary
artery pressures at rest. This condition is also referred to as chronic thromboembolic disease (CTED).
However, the main factor limiting exercise capacity in CTED is probably PH at exercise [29]. Notably, the
(pathophysiological link) between CTED and CTEPH remains unclear as it remains to be determined that

a) b)

c) d)

e) f)
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FIGURE 1 Radiological studies performed in the presented clinical case. a) Acute pulmonary embolism on spiral
computed tomography pulmonary angiography. b) Residual pulmonary vascular obstruction on planar ventilation/
perfusion lung scanning at 6 months of anticoagulation of pulmonary embolism before pulmonary endarterectomy.
c) Residual pulmonary vascular obstruction on spiral computed tomography pulmonary angiography before
pulmonary endarterectomy. d) Residual pulmonary vascular obstruction on catheter pulmonary angiography
before pulmonary endarterectomy. e) Sample of the pulmonary endarterectomy specimens (collection of Elie
Fadel, Hôpital Marie Lannelongue, Université Paris-Saclay, Paris, France). f) Pulmonary vascular obstruction on
planar ventilation/perfusion lung scanning at 6 months after pulmonary endarterectomy. ANT: anterior; POST:
posterior; RPO: right posterior oblique; LPO: left posterior oblique; LP: left posterior; RP: right posterior.
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CTED is an early form of CTEPH. Also, a considerable proportion of patients have been shown to display
some degree of right ventricular dysfunction, possibly due to an inflammatory response to the acute PE
[28]. This inflammatory response is triggered by myocyte stretch, shear forces, decreased perfusion and
increased metabolic demand of the right ventricle (RV) due to the acute event [16, 17, 30, 31]. Notably, the
most prevalent condition causing the post-PE syndrome is deconditioning after the acute cardiovascular
event [24, 25, 32–35].

Clinical presentation of CTEPH
Diagnosing CTEPH is challenging because signs of right heart failure only become evident in advanced
disease stages and earlier disease stages are characterised by nonspecific or even absence of symptoms. In
the International CTEPH Registry, the most common presenting symptom was dyspnoea (99%), followed
by oedema (41%), fatigue (32%), chest pain (15%) and syncope (14%) [11]. In some patients, months or
even years, e.g. the so-called honeymoon period, may pass after an episode of acute PE before clinically
significant symptoms manifest. Notably, during this period, chronic pulmonary embolism is already
present and progresses through ongoing pulmonary vascular remodelling [36]. Together with the poor
awareness among PE caretakers and the high prevalence of post-PE functional impairment, this is likely
one of the main contributors of the long diagnostic delay of CTEPH [9, 11]. In the International CTEPH
Registry, the median time from last acute PE to CTEPH diagnosis was 13 months (interquartile range 5.7–
34 months) [11]. Notably, most patients were in NYHA functional class III or IV at the moment of
diagnosis and a post-hoc analysis of the Registry revealed that patients in the highest third of diagnostic
delay had a ∼4.5 mmHg higher mean pulmonary artery pressure (mPAP) at diagnosis, associated with a
47% higher predicted probability of death [11, 14]. Because of the nonspecific presentation of all
conditions that could cause persistent dyspnoea after acute PE, objective tests are necessary to differentiate
between deconditioning, CTED and CTEPH.

Identification of PE patients in whom presence of CTEPH should be evaluated
CTEPH should be considered in three categories of PE patients: 1) those presenting with symptoms that
could indicate CTEPH; 2) those with signs indicative of CTEPH at the moment of the acute PE diagnosis;
and 3) those with risk factors or predisposing conditions for CTEPH.

Clearly, progressive signs of right heart failure in the course of acute PE should prompt a dedicated
diagnostic work-up of CTEPH [37]. However, with almost half of all PE survivors reporting chronic
dyspnoea and considering the low prevalence of CTEPH among those patients (<5%), the treating
physician has the challenge to differentiate between CTEPH and -more common- “simple” deconditioning.
In the first category, diagnostic tests should be aimed at confirming CTEPH while ruling out CTEPH
would be sufficient in the latter category.

Several studies have observed that many CTEPH patients with a history of PE already had signs of CTEPH
at the time of acute PE diagnosis (table 1), suggestive for diagnostic misclassification. These signs of
CTEPH included estimated systolic pulmonary artery pressure (sPAP) >60 mmHg on Doppler
echocardiography or typical radiological signs of CTEPH on the CTPA performed to diagnose acute PE
(table 1) [38–43]. Both observations should trigger a high suspicion of CTEPH. In particular, two studies
have shown that most patients with CTEPH after PE had several signs of CTEPH on the index CTPA,
indicating acute-on-chronic thrombosis [39, 42]. In the first study, seven out of 126 acute PE patients in a
French cohort were diagnosed with CTEPH. At the time of the acute PE diagnosis, patients with CTEPH
had a higher sPAP and at least two signs of CTEPH on the initial CTPA [39].

The second was a Dutch case–control study. Three blinded expert radiologists scored radiologic signs of
CTEPH on initial CTPA scans with confirmed acute PE in 50 patients who were subsequently diagnosed
with CTEPH during follow-up (cases), and in 50 patients in whom sequential echocardiograms performed
>2 years after the acute PE diagnosis did not show any signs of PH (controls). All controls had signs of
RV overload at the moment of the acute PE diagnosis [42]. The overall expert reading yielded a sensitivity
of 72% and a specificity of 94%, while multivariate analysis identified six radiologic parameters as
independent predictors: intravascular webs; pulmonary artery retraction or dilatation; bronchial artery
dilatation; RV hypertrophy; and interventricular septum flattening. The presence of three or more of these
parameters was associated with a sensitivity of 70% (95% CI 55–82%) for a future CTEPH diagnosis, a
specificity of 96% (95% CI 86–100%) and a c-statistic of 0.92. The notable observation that CTEPH may
often be present at the moment of the PE diagnosis preceding the CTEPH diagnosis is highly suggestive of
(some) diagnostic misclassification and supports the concept that CTEPH may not always be the “simple”
consequence of poorly resolved acute PE. Because of the potential great diagnostic yield, it could be
recommended to have all CTPA images of patients with confirmed acute PE evaluated for signs of CTEPH
by an expert radiologist, either in the acute phase or shortly thereafter. Notably, signs of chronicity are
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found in up to one-third of the patients with acute PE who are not diagnosed with CTEPH during
follow-up and less experienced radiologists are unlikely to recognise all signs [42, 44]. Hence, CTPA
images can normally not be considered diagnostic for CTEPH without confirmatory tests. The gap
between expert reading and reading performed in daily clinical practice may be solved with education of
radiologists and chest physicians or artificial intelligence-based software.

The last important patient category in whom CTEPH should be considered is the group of patients with
risk factors of CTEPH, indicative of a high pre-test probability of developing this complication. Over the
past decade, several risk factors and predisposing conditions have been identified in studies comparing
patients with CTEPH to patients with other forms of PH, to patients with acute PE and to healthy
population controls (table 2) [1, 11, 45–47]. Due to the design of these studies, the absolute risks
associated with single risk factors or risk factor combinations is unknown, which makes them difficult to
apply in daily practice. Moreover, some of these risk factors are prevalent and largely nonspecific, e.g.
non-O blood group and high FVIII levels. Another way to evaluate the pre-test probability of developing

TABLE 2 Risk factors and predisposing conditions for chronic thromboembolic pulmonary
hypertension (CTEPH)

Findings related to the acute PE event# Concomitant chronic diseases and conditions
predisposing to CTEPH¶

Previous episodes of PE or DVT Ventriculo-atrial shunts
Large pulmonary arterial thrombi on CTPA Infected chronic i.v. lines or pacemakers
Echocardiographic signs of PH/RV dysfunction History of splenectomy
CTPA findings suggestive of pre-existing
chronic thromboembolic disease (table 1)

Thrombophilic disorders, particularly antiphospholipid
antibody syndrome and high coagulation factor VIII
levels

Non-O blood group
Hypothyroidism treated with thyroid hormones
History of cancer
Myeloproliferative disorders
Inflammatory bowel disease
Chronic osteomyelitis

PE: pulmonary embolism; DVT: deep vein thrombosis; CTPA: computed tomographic pulmonary
angiography; PH: pulmonary hypertension; RV: right ventricular. #: obtained at PE diagnosis;
¶: documented at PE diagnosis or at 3–6 month follow-up. Reproduced from [37] with permission.

TABLE 1 Findings of pre-existing chronic thromboembolic pulmonary hypertension on
computed tomography pulmonary angiography

Direct vascular signs
Eccentric wall-adherent filling defect(s), which may calcify; different from the central filling defects
within a distended lumen, which are the hallmark of acute PE

Abrupt tapering and truncation
Complete occlusion and pouch defects
Intimal irregularity
Linear intraluminal filling defects (intravascular webs and bands)
Stenosis and post-stenotic dilatation
Vascular tortuosity

Indirect vascular signs
Significant RV hypertrophy, RA dilatation
Pericardial effusion
Dilatation of pulmonary artery (>29 mm in men and >27 mm in women) and/or calcifications of
pulmonary artery

Systemic collateral arterial supply (bronchial arterial collaterals towards pulmonary post-obstructive
vessels)

Parenchymal changes
Mosaic attenuation of the lung parenchyma resulting in geographical variation in perfusion

PE: pulmonary embolism; RV: right ventricular; RA: right atrial. Data from [37].
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CTEPH at the time of acute PE diagnosis is application of CTEPH prediction scores, in analogy to
diagnosing acute PE which is based on assessment of pre-test probability as well [48–51]. A six variable
CTEPH prediction score was derived from three large European observational studies and validated in a
relatively small cohort of patients with confirmed CTEPH [48, 49]. It should be noted that this CTEPH
prediction score has not yet been validated in a prospective outcome study.

Optimal timing for evaluating the presence of CTEPH after acute PE
The optimal timing of diagnostic tests for CTEPH has never been studied but, in the absence of severe RV
failure, is likely to be 3–6 months after the acute PE diagnosis [37]. This point in time is logical because it
coincides with the time of routine evaluation of the duration and intensity of anticoagulant treatment and
the evaluation of presence of cancer and/or systemic cardiovascular disease [37]. Also, physical recovery of
acute PE should be achieved by this time-point and a longer delay may negatively impact the prognosis of
patients with CTEPH. Moreover, thrombus resolution is mostly achieved at 3 months with no further
benefit thereafter [52]. Finally, a formal CTEPH diagnosis is only possible after a 3-month treatment
period with anticoagulation [37, 53].

How to test for CTEPH after acute PE
Diagnostic work-up of suspected CTEPH
The traditional diagnostic criteria for CTEPH are: mPAP ⩾25 mmHg with pulmonary artery wedge
pressure ⩽15 mmHg; mismatched perfusion defects on ventilation/perfusion scintigraphy; and specific
diagnostic signs for CTEPH on CTPA, magnetic resonance imaging or conventional pulmonary
angiography [37, 53]. One additional criterion is effective anticoagulation for a period of at least 3 months
before the diagnosis is confirmed by right heart catheterisation. Ongoing debate on nomenclature of
CTEPH and CTED, as well as a recently published new definition of PH (which is still to be evaluated in
CTEPH), will likely result in updated diagnostic criteria for CTEPH in the coming years.

The recommended diagnostic work-up of suspected CTEPH starts with transthoracic Doppler
echocardiography. In addition to estimating the peak tricuspid regurgitation velocity, echocardiographic
signs related to the ventricles, the pulmonary artery, the inferior vena cava and right atrium suggesting PH
are used to assess the probability of PH (table 3) [53]. Conclusions derived from echocardiography should
aim to assign a level of probability of PH, which could be judged as “high”, “intermediate” or “low” [53].
In patients without symptoms, a “low” probability result should rule out CTEPH. However, and in
contrast, echocardiographic follow-up may be considered despite a “low” echocardiographic probability in
patients with otherwise unexplained dyspnoea after excluding other potential aetiologies of dyspnoea, for
instance by pulmonary function tests and/or exercise tests. The next diagnostic step for patients at
“intermediate” or “high” echocardiographic probability is ventilation/perfusion lung scintigraphy. If
normal, CTEPH is ruled out [37, 53, 54]. Importantly, the diagnosis of CTEPH should always be
confirmed by right heart catheterisation. Hence patients at “intermediate” or “high” echocardiographic
probability in combination with mismatched perfusion defects should be referred for invasive
measurements, preferably in a CTEPH expert centre with multidisciplinary teams. The diagnostic work-up
is completed with CTPA, magnetic resonance and/or conventional pulmonary angiography to confirm the
diagnosis and assess operability or other treatment options (figure 2) [3, 37, 53].

TABLE 3 Echocardiographic probability of pulmonary hypertension (PH) in symptomatic
patients with a suspicion of PH

Peak tricuspid regurgitation
velocity m·s−1

Presence of other echocardiographic
signs of PH#

Echocardiographic
probability of PH

⩽2.8 or not measurable No Low
⩽2.8 or not measurable Yes Intermediate
2.9–3.4 No
2.9–3.4 Yes High
>3.4 Not required

#: right ventricle/left ventricle basal diameter ratio >1.0, flattening of the interventricular septum (left
ventricular eccentricity index >1.1 in systole and/or diastole), right ventricular outflow doppler acceleration
time <105 ms and/or mid-systolic notching, early diastolic pulmonary regurgitation velocity >2.2 m·s−1,
pulmonary artery diameter >25 mm, inferior cava diameter >21 mm with decreased inspiratory collapse
(<50% with a sniff or <20% with quiet inspiration), right atrial area (end-systole) >18 cm2. Reproduced from
[53] with permission.
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Ruling out CTEPH
The 2019 European Society of Cardiology (ESC) acute PE guidelines recommend against routine
echocardiography in all PE survivors because of the low yield and to prevent excess healthcare costs and
overdiagnosis [55]. Instead, it is suggested that further diagnostic evaluation should be considered in
patients with persistent or new onset dyspnoea/exercise limitation after acute PE, and may be considered
in asymptomatic patients with risk factors for CTEPH [37]. Importantly, since 50% of acute PE patients
will present with some degree of persistent symptoms, of which the majority is caused by deconditioning
[23, 24], it may be reasonable to apply tests other than echocardiography in the absence of symptoms of
heart failure, CT signs indicative of CTEPH at the moment of acute PE diagnosis, or risk factors for
CTEPH.

First, a normal ventilation/perfusion lung scintigraphy rules out CTEPH with the highest certainty,
although concerns about radiation exposure, costs and availability have been raised [37, 53, 54]. Therefore,
ventilation/perfusion scintigraphy is not recommended as a primary test to rule out CTEPH in the
majority of patients. Secondly, the combination of a normal ECG and N-terminal pro-brain natriuretic
peptide (NT-proBNP) level has been suggested to rule out CTEPH with good certainty. Several ECG
abnormalities are suggestive of the presence of PH including right axis derivation, RV hypertrophy, RV
strain, right bundle branch block and QTc prolongation, although these lack diagnostic accuracy which
would allow application of ECGs as a stand-alone test for ruling out CTEPH [53]. The same holds true for
cardiac biomarkers. However, the combination of ECG and biomarker assessment to rule out PH has been
successfully applied in several PH detection studies. For instance, ECG assessment and NT-proBNP
measurement (threshold 100 pg·mL−1) are major components of the DETECT score that is applied to
identify patients at low risk of systemic sclerosis-associated PH in whom further diagnostic tests are not
indicated [56]. In a different setting, it was reported that none of the 251 patients referred for suspicion of
pre-capillary PH were diagnosed with PH in the absence of both a RV strain pattern on ECG and elevated
NT-proBNP [57]. Finally, in a case–control study, several combinations of ECG characteristics and
biomarkers were evaluated to distinguish patients with post-PE persistent dyspnoea without CTEPH from
patients with confirmed CTEPH [58]. The optimal combination was named the “CTEPH rule out criteria”
and consisted of a normal NT-proBNP test (manufacturer and age dependent threshold) in combination
with the absence of specific electrocardiographic characteristics of RV overload. The sensitivity of the
“CTEPH rule-out criteria” was 94% and the specificity was 56%. In the practice-based setting of busy PE
follow-up clinics, two independent German studies confirmed the high sensitivity of the “CTEPH rule-out
criteria” (100% in both studies), with excellent inter-observer agreement (kappa statistic 0.97) [59, 60].
Importantly, neither of these two studies was a prospective outcome study where the “CTEPH rule-out
criteria” were used to reject CTEPH without performing additional diagnostic tests.

Cardiopulmonary exercise testing (CPET) holds diagnostic clues to CTEPH as well, and additionally may
provide an alternative diagnosis for the clinical presentation, notably deconditioning and chronic
underlying cardiac or respiratory diseases [43, 61]. CTEPH typically appears as ineffective ventilation with
elevated alveolar–capillary gradients of oxygen and carbon dioxide, reduced peak oxygen uptake and

Clinical suspicion of CTEPH

Echocardiography: intermediate of higher probability and >3 months of anticoagulation

Ventilation/perfusion lung scintigraphy

Negative

CTEPH ruled out

Abnormal

Right heart catheterisation and 

pulmonary angiography

(by conventional digital subtraction 

angiography, multidetector computed 

tomography or magnetic resonance

angiography)

FIGURE 2 Diagnostic algorithm for chronic thromboembolic pulmonary hypertension (CTEPH). Data from [37].
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increased ventilatory equivalent in carbon dioxide (minute ventilation/carbon dioxide production) in the
absence of ventilatory limitation. The sensitivity of CPET for CTEPH is reported to be 80% [43, 61]. The
absence of signs of CTEPH on CPET cannot be regarded as a definite criterion to rule out CTEPH,
although the likelihood of CTEPH is very low in the setting of an established alternative diagnosis. The
other way round, typical signs of CTEPH on CPET may necessitate right heart catheterisation in the
setting of symptomatic patients with low-probability echocardiography [61]. Hence, because it can reveal
several mechanisms of dyspnoea (cardiac, respiratory limitations and deconditioning) CPET deserves a
central role next to echocardiography in the diagnostic work-up of patients with the post-PE syndrome.

Best practices for earlier CTEPH detection after acute PE
In current clinical practice, the diagnostic delay for CTEPH after a PE diagnosis has been reported to be
14–24 months [9, 11, 12, 50]. Although this diagnostic delay was not associated with operability in the
European CTEPH registry, a longer diagnostic delay was shown to correlate to higher sPAP at diagnosis
and increased risk of death [11, 14]. Even in the short time elapsed between diagnosis of CTEPH and
referral to a CTEPH expertise centre (mean 4.4 months), it was observed that cardiac output decreases and
mPAP increases slightly [62]. Low awareness among physicians and, until recently, lack of clear guideline
recommendations regarding the optimal follow-up of patients with acute PE are the main contributors to
the current considerable diagnostic delay [12, 37]. It has even been reported that patients with diagnosed
CTEPH in the course of acute PE consulted a median of four different physicians for a median of 13
consultations before the correct diagnosis was made. The observations that echocardiographic results
suggestive of CTEPH were not always followed by an adequate work-up and most patients were not
subjected to ventilation/perfusion scanning both indicate poor healthcare utilisation and clear room for
improvement [12].

The 2019 ESC PE guideline for the diagnosis and management of acute PE proposed a dedicated
follow-up strategy after acute PE (figure 3a) [37]. The algorithm starts with the routine assessment of PE
patients 3–6 months after the acute episode with evaluation of the presence of persistence (or new onset)
dyspnoea or functional limitations. The Medical Research Council scale or the NYHA functional class can
be used to standardise the evaluation of dyspnoea [37]. In patients presenting with persisting dyspnoea
and/or poor physical performance, Doppler echocardiography is considered to be the next best step to
assess the probability of CTEPH. The algorithm indicates that patients with a high echocardiographic
probability, and those with intermediate probability combined with elevated NT-proBNP levels or risk
factors/predisposing conditions for CTEPH, should follow the recommended diagnostic work-up of
CTEPH as described above. The role of CPET in this algorithm is to provide an alternative diagnosis to
patients with symptoms but normal echocardiography and/or normal ventilation/perfusion scintigraphy.
Non-symptomatic patients with risk factors or predisposing conditions for CTEPH are suggested to either
be followed over time for the occurrence of symptoms, or to be subjected to echocardiography.

Alternative strategies have been suggested. For instance, the InShape II algorithm aims to overcome the
high number of echocardiograms that would be needed given the high prevalence of dyspnoea in PE
survivors [50]. The algorithm combines the CTEPH prediction rule, CTEPH rule-out criteria and
symptomatic follow-up of patients with acute PE (figure 3b). At the routine outpatient follow-up visit
3 months after the diagnosis of acute PE, pre-test probability of CTEPH is calculated and patients are
assessed for the presence of symptoms suggestive of CTEPH [50]. Patients with either a CTEPH prediction
score of >6 points or who report symptoms are subjected to the CTEPH rule-out criteria. If abnormal,
patients are referred for echocardiography. This algorithm is currently being evaluated in a prospective,
multicentre outcome study in consecutive acute PE patients (NCT02555137; https://clinicaltrials.gov/). All
patients are managed according to the strategy. Main outcomes are the number and yield of
echocardiograms indicated at baseline and the 2-year CTEPH incidence in patients in whom CTEPH was
initially considered absent. At baseline, echocardiograms were indicated in only 19% of patients and a
CTEPH incidence equivalent to previous literature (2.6%) was found within 6 months after the index PE
[63]. This would suggest that application of the algorithm would lead to an early CTEPH diagnosis in a
considerable number of patients. Results of ongoing 2-year follow-up will determine the strategy’s
sensitivity. Importantly, even when the algorithm rules out CTEPH without the need for imaging tests,
echocardiography and/or CPET may be indicated to evaluate the presence of alternative diagnoses.

In addition to outpatient follow-up according to a dedicated algorithm, two studies also suggested that
centralised telephonic follow-up of patients with acute PE may help to identify patients with CTEPH [64,
65]. In both prospective observational studies, echocardiography was performed in patients who reported
symptoms suggestive of CTEPH during a short telephonic interview, with one of the two studies applying
CPET in patients with low echocardiographic probability to improve the sensitivity of the diagnostic
work-up [61, 64]. In both studies, the expected CTEPH incidence was met.
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Back to the case
The patient in our case vignette presented with symptoms that could suggest CTEPH. Moreover, she has
several predisposing conditions and risk factors for CTEPH, i.e. recurrent and now unprovoked PE and

Dyspnoea and/or functional limitation after 3–6 months for adequate anticoagulation

No

a)

No CTEPH risk 

factors

CTEPH risk 

factors present

Low

probability

Intermediate

probability

1) Elevated NT-proBNP

2) Risk factors for CTEPH

3) Abnormal CPET results

High

probability

V'/Q' scan

Yes

Echocardiography

Refer to

PH/CTEPH expert 

centre for further 

diagnostic work-up

Seek alternative 

causes of dyspnoea 

and/or common 

causes of PH

Focus on 

anticoagulation; 

advise to return if 

symptoms appear

CTEPH prediction score (3–6 months after PE diagnosis)

Low risk (≤6 points)

b)

No CTEPH specific 

symptoms present

CTEPH specific 

symptoms present

No ECG criteria present and 

normal NT-proBNP

≥1 ECG criteria and/or 

abnormal NT-proBNP

Refer for echocardiography 

and if indicated further 

diagnostic tests (V'/Q', RHC)

High risk (>6 points)

CTEPH rule-out criteria

No CTEPH; if relevant 

seek alternative cause 

of dyspnoea, e.g. by 

performing CPET

CTEPH diagnosed,

refer to expert centre

FIGURE 3 a) Follow-up strategy and diagnostic workup for long-term sequelae of pulmonary embolism (PE).
Modified from [37] with permission. b) Follow-up strategy for early detection of chronic thromboembolic
pulmonary hypertension (CTEPH) after acute PE as applied in the InShape II study (NCT02555137) to
overcome the high number of echocardiograms that would be needed given the high prevalence of persistent
dyspnoea in PE survivors [50]. NT-proBNP: N-terminal pro-brain natriuretic peptide; CPET: cardiopulmonary
exercise testing; V′/Q′: ventilation/perfusion; PH: pulmonary hypertension; RHC: right heart catheterisation.
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hypothyroidism. Upon close reassessment of the CTPA scan performed to diagnose the recurrent PE, a
complete occlusion of the right middle lobe, severe RV overload, and both pulmonary artery and bronchial
artery dilatation were noted (figure 1). The ECG showed no signs of RV overload but the NT-proBNP
level was 640 ng·L−1 (normal value <200 ng·mL−1). The patient had a clear indication for Doppler
echocardiography, which showed normal RV function but a peak tricuspid regurgitation velocity of
3.2 m·s−1 (intermediate probability). The ventilation/perfusion scan showed bilateral mismatched perfusion
defects. Right heart catheterisation revealed a mPAP of 32 mmHg with a PVR of 316 dyn·s−1·cm−5. The
patient was diagnosed with CTEPH. After multidisciplinary discussion in an expert centre, her treatment
consisted of continuation of the anticoagulation and pulmonary endarterectomy. She was doing well
6 months after the surgery. Upon right heart catheterisation, the mPAP had returned to normal
(15 mmHg) with a PVR of 168 dyn·s−1·cm−5.

Conclusion
Improving education of PE caretakers, higher awareness for CTEPH and further evaluation, validation and
implementation of clinical/radiological algorithms for earlier CTEPH diagnosis will likely help ensure
earlier referral to expert centres and improved prognosis. The diagnostic work-up of suspected CTEPH is
well established and starts with echocardiography. Other tests could be used to exclude the presence of
CTEPH and/or to establish an alternative diagnosis. It may be reasonable to apply these alternative
diagnostic tests specified to the individual patient with specific characteristics, especially when the pre-test
probability of CTEPH is very low. This would allow for optimal use of healthcare resources and prevention
of overdiagnosis.
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