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Chronic thromboembolic disease
following pulmonary embolism: time for
a fresh look at old clot

To the Editor:

The recently updated European Society of Cardiology/European Respiratory Society guidelines for acute
pulmonary embolism (PE) underline the importance of appropriate long-term management of PE
sequelae in the era of extended anticoagulation [1]. Chronic thromboembolic disease (CTED) is one of
several conditions contributing to breathlessness in this setting, i.e. persistent pulmonary vascular
obstruction on imaging, with no evidence of pulmonary hypertension at rest. CTED is increasingly
encountered in pulmonary vascular disease clinics following acute PE, and its diagnosis relies heavily on
careful exclusion of other conditions that may contribute to symptoms. Given the need for careful
follow-up after PE, in this paper we highlight two important points relating to the diagnosis and
management of CTED: firstly, the location and extent of chronic pulmonary artery thrombus on imaging
and secondly, the lack of evidence to support long-term anticoagulation in CTED, as opposed to chronic
thromboembolic pulmonary hypertension (CTEPH).

The haemodynamic definition of CTED includes patients with evidence of pulmonary vascular obstruction
and a mean pulmonary artery pressure <25 mmHg at rest assessed by right heart catheterisation [2]. In
line with CTEPH, the diagnosis of CTED usually requires at least 3 months anticoagulation prior to the
diagnostic work-up. The original description of CTED as a novel diagnosis, distinct from CTEPH,
included highly selected symptomatic patients referred for pulmonary endarterectomy (PEA) on account
of a large thrombotic burden on computed tomography (CT) pulmonary angiography (CTPA), mild right
ventricle (RV) enlargement on echocardiography, but no pulmonary hypertension at rest [3]. The same
research group later reported clinical improvement in terms of World Health Organization functional class
and quality of life scores following surgery in a more extended CTED cohort [4]. Recently, the diagnostic
definition of CTED has transformed to encompass breathless patients following acute PE who, despite
anticoagulation, demonstrate persistent areas of perfusion/ventilation mismatch on nuclear scintigraphy,
irrespective of the presence or location of thrombus on CT.

In broadening the clinical definition to include patients with distal vascular obstruction, more patients
are being diagnosed with CTED. Pulmonary vascular resistance (PVR) is usually minimally affected by
anatomical thrombus distribution. However, impedance to pulmonary forward flow is not
well-captured by PVR and may be markedly different between patients with proximal versus distant
lesions, with a greater effect on RV afterload arising from proximal pulmonary vascular obstruction
[5, 6]. Discrimination between proximal thrombus on CT and more distal obstruction on scintigraphy
may, therefore, be important in defining the haemodynamic effect of CTED, and its impact on the
RV and symptoms.

Secondly, anticoagulation in CTEPH is prescribed under a class 1 recommendation, and recourse to
extended anticoagulation in CTED is extrapolated from this guideline [2]. However, when a diagnosis of
CTED is made after an index PE associated with a major transient risk factor, such as immobilisation
related to surgery, clinical uncertainty arises and the decision to pursue extended anticoagulation may not
automatically apply. “Post-PE syndrome” has recently been introduced to describe permanent changes in
pulmonary artery flow, gas exchange and/or cardiac function in the breathless patient following PE. While
this entity links symptoms to abnormal gas exchange and RV dysfunction, definitive anticoagulation
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recommendations are lacking [7]. We have learnt from the ELOPE study that post-PE breathlessness is
unrelated to both clot burden and choice of anticoagulation [8]; however, low levels of pulmonary vascular
obstruction in this study leave unanswered questions around optimal anticoagulation strategies in patients
with larger thrombotic burden after PE.

In our view, the current diagnostic landscape appears too broad to allow emergence of meaningful clinical
guidance on CTED management. To streamline this approach, we suggest a diagnostic label of CTED be
reserved for symptomatic patients with chronic proximal thrombus on CTPA in whom, in the alternative
context of pulmonary hypertension, clinicians would consider surgical referral for PEA. In our experience,
such patients more frequently exhibit mild RV dilatation on echocardiography than those without
proximal thrombus on CTPA and are more likely to benefit from prolonged anticoagulation irrespective of
PE risk factors. In contrast, symptomatic patients with isolated perfusion defects on nuclear scintigraphy at
3-6 months following PE with no proximal thrombotic burden on CTPA require prospective evaluation
within anticoagulation studies, grouped by the presence of transient risk factors at the time of PE and/or
risk factors for CTEPH. We therefore propose an algorithm formulated from our clinical experience
(figure 1), in which a diagnosis of CTED becomes the preserve of pulmonary hypertension expert centres
where exercise haemodynamic evaluation, PEA referral or balloon pulmonary angioplasty can be offered
[9, 10]. This algorithm, currently untested in management studies, simplifies the differentiation between
CTED and post-PE breathlessness at 3-6 months follow-up by sole reliance on imaging without the need
for cardiopulmonary exercise testing which carries greater variability in interpretation. With few
individuals eligible for PEA, anticoagulation remains the only medical therapy that may be offered to most
CTED patients. Criteria for the identification of patients who are likely to benefit from extended
anticoagulation, versus those who may safely discontinue treatment with no detriment to their quality of
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life or risk of PE recurrence, will only emerge with a more robust definition of CTED in this diverse
patient population.
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Chronic thromboembolic disease
following pulmonary embolism: more
work ahead

From the author:

The comment by C. McCabe and colleagues provides thoughtful insights into the late sequalae of
pulmonary embolism. The authors’ views and suggestions, based on their clinical experience and expertise,
may prove helpful in the ongoing process of reliably (and meaningfully) distinguishing chronic
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thromboembolic pulmonary hypertension (CTEPH) from chronic thromboembolic disease (CTED)
without pulmonary hypertension at rest.

A key novelty of the 2019 European Society of Cardiology (ESC) guidelines for the diagnosis and
management of acute pulmonary embolism, developed in collaboration with the European Respiratory
Society (ERS), is the conceptual evolution in the way we view and manage thrombosis and pulmonary
embolism [1]. It is now widely acknowledged that pulmonary embolism is, at least in the majority of cases,
not a brief disease state that may occasionally result in the patient’s death in the acute phase, while those
who survive to hospital discharge will live happily ever after or will “only” need to concentrate on their
underlying disease. On the contrary, we have now finally recognised the amplitude of the public health
problem that results from the large proportion of patients complaining of chronic, persistent symptoms or
functional limitation after PE [2, 3]. Of these patients, only few will ultimately be diagnosed with a severe,
life-threatening chronic pulmonary obstructive vasculopathy, either with (CTEPH) or without pulmonary
hypertension at rest (CTED). In other words, pulmonary embolism has now officially become a “chronic”
disease, or at least one that needs chronic attention and follow-up. Endorsing this change of paradigm, the
task force of the 2019 pulmonary embolism guidelines set the focus on developing a new algorithm and
updated recommendations to guide clinicians through the multiple challenges and potential pitfalls of
post-pulmonary embolism care [1]. Of course, the guidelines still summarise the “essentials” of CTEPH
and, to a lesser extent, CTED, i.e. those principles of pathophysiology, diagnosis and treatment that every
physician caring for a patient with pulmonary embolism needs to know. On the other hand, the task force
unanimously decided that it was beyond the scope of these pulmonary embolism guidelines to interfere
with recent and ongoing discussions which attempt to better characterise the groups of pulmonary
hypertension, notably CTEPH and CTED [4]. This task is left to the ESC/ERS guidelines on pulmonary
hypertension [5], and to their future update.

C. McCabe and colleagues point to a number of unresolved issues concerning the diagnosis and actually
the very definition of CTED, and its differential diagnosis from CTEPH. They also touch upon a
controversial topic, namely the need for anticoagulation and, if there is one, the appropriate anticoagulant
for patients with CTED. In this regard, the results of a recent retrospective analysis cast doubt on the
efficacy and safety of non-vitamin K antagonist oral anticoagulants (NOACs) in the setting of CTEPH and
perhaps CTED in the broader sense [6]. Clearly, this is only a hypothesis and a caveat at the moment, but
it highlights the need for prospective research in a field which the NOACs have largely seized from the
vitamin K antagonists without a battle.

C. McCabe and colleagues propose a sophisticated, quite complex algorithm for diagnosing the severe late
sequelae of pulmonary embolism, notably CTEPH and CTED. This algorithm has not been formally
validated and therefore remains a working hypothesis at present. In any case, one cannot agree more with
the authors that the diagnosis of CTED (and CTEPH) should be the preserve of pulmonary hypertension
expert centres where exercise haemodynamic evaluation, pulmonary endarterectomy referral or balloon
pulmonary angioplasty can be offered. But what the general practitioner does need to know is which
patients, out of all survivors of acute pulmonary embolism, to refer to these centres. This is where the 2019
pulmonary embolism guidelines have done their best to provide helpful guidance. It will ultimately be upon
the medical community and the guideline users, the physicians themselves, to judge if they succeeded.
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