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Evidence for the role of inflammation in the pathogenesis of PAH: a new study demonstrates
inflammation in CTEPH http://ow.ly/OxixF

Chronic thromboembolic pulmonary hypertension (CTEPH) is not an uncommon cause of pre-capillary
pulmonary hypertension (PH). It is thought to be a long-term complication of symptomatic or
asymptomatic pulmonary embolism (PE) or venous thromboembolism (VTE) [1–3]. It now appears clear
from a retrospective analysis of large European registries [4] and an international prospective registry [5]
that CTEPH, as its name indicates, is somehow associated with one or multiple thromboembolic events.
However, the reason why a minority of patients (∼0.1–9%) [6, 7] who suffer an initial VTE or PE
eventually develop CTEPH while the vast majority manage to resolve their clot and resume normal life
remains an enigma. Some clues into the aetiology of the disease are provided by the identification of
predisposing factors found in epidemiological studies [4], such as infection (osteomyelitis) and
malignancy, indwelling catheters or ventriculo-atrial shunts, splenectomy, chronic inflammatory conditions
(e.g. inflammatory bowel disease), and genetic predisposition involving the coagulation system [4, 6].

CTEPH occupies a place of predilection as the lone aetiology in group 4 of the PH classification [8], not
only because of the aforementioned recognised association with VTE/PE but also because the treatment of
this disease, pulmonary endarterectomy (PEA), is mainly surgical and often curative, while most other
aetiologies in the PH classification require medical treatment with no radical cure at this time. In that
context, is CTEPH really unique or does it share similarities with other pathologies that lead to PH?

Inflammation has been increasingly recognised in the pathogenesis of pulmonary arterial hypertension
(PAH) (group 1 of the PH classification), as suggested by the continuous flurry of studies and articles
devoted to the subject [9–14]. In addition to the aberrant cellular proliferation (e.g. endothelial and
smooth muscle cells and fibroblasts) which characterises the pulmonary vascular remodelling in PAH,
influx of inflammatory cells, such as macrophages and lymphocytes, in and around the various
components of the vascular wall, has long been recognised [15]. Similarly, various markers of
inflammation such as cytokines and chemokines are expressed in human disease, as well as in animal
models of PH, in the lung tissue or in the circulation [16–21], and circulating antibodies have been
detected [11, 22–24]. Many of these inflammatory biomarkers can predict survival [13, 25, 26].

In this issue of the European Respiratory Journal, QUARCK et al. [27] tested the hypothesis that both
inflammation and deficient angiogenesis were involved in the pathogenesis of CTEPH. They specifically
investigated a potential link between clinical, biological and morphometric parameters using histological
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material obtained from 52 CTEPH patients who underwent PEA for treatment at their institution. They
analysed the composition of the pathological tissues in terms of collagen, elastin, fibrin and lipid content as
well as cell types (i.e. endothelial and smooth muscle cells, and fibroblasts) using immunohistochemistry as
the predominant study tool. They identified four types of lesions (neointimal, thrombotic, recanalised and
atherosclerotic), from which they derived a qualitative scoring system for disease severity. They observed that
macrophages, T-lymphocytes and neutrophils (inflammation) accumulated essentially in atherosclerotic and
thrombotic lesions, while angiogenesis was found in all four types of lesions encountered. Specimens with
low scored angiogenesis predicted poor outcome, which was defined clinically as persistent pulmonary
hypertension post-PEA, the need for medical therapy, and poor survival.

In a parallel assessment of circulating markers of inflammation by ELISA, they identified elevation of
several inflammatory biomarkers in these patients, including C-reactive protein (CRP), interleukin-10,
monocyte chemotactic protein-1, macrophage inflammatory protein-1α and matrix metalloproteinase
(MMP)-9, and further demonstrated that plasma CRP and MMP-9 correlated with neutrophil and
macrophage accumulation, respectively. Based on these findings, the authors conclude that both
inflammation and altered angiogenesis contribute to the pathogenesis of the disease and reflect poor
clinical outcome.

A careful analysis of patients’ clinical parameters suggested that predisposing factors or underlying diseases
were present, as one might expect, in a vast majority of patients, with 77% of patients having experienced
an episode of acute VTE, over a third having a thrombotic risk factor such as a lupus anticoagulant/
antiphospholipid antibody, and a significant minority of patients having another risk factor for thrombosis
such as protein C or S deficiency, activated protein C resistance, Factor V Leiden mutation and
antithrombin deficiency.

The multiplicity of pathological samples available to the investigators for analysis and the detailed
description of the lesions, made according to the Jamieson classification, represent notable strengths of this
study. Was there any surprising finding in the morphometric analysis of the specimens obtained? Regarding
thrombotic lesions, while it is noted that all patients were on anticoagulation therapy for at least 3 months
prior to PEA (in accordance with their local therapeutic protocol), the observation that patients who were
already on PAH treatment prior to PEA were rarely found to have thrombotic lesions is perhaps not too
surprising considering that most PAH drugs have some degree of antiplatelet and antithrombotic activities.

By contrast, the importance of angiogenesis in CTEPH is emphasised in this study by the fact that all
patients except for one had evidence of an angiogenic process. This was determined essentially by the
presence of endothelial cells or sprouting capillaries (termed the early stage of angiogenesis) and mature
neovessels (late angiogenic stage) in all four lesions described, with the gradation of angiogenesis (number
of neovessels) being lowest in neointimal lesions and highest in recanalised lesions. More importantly, using
their scoring system the authors determined that patients with the highest angiogenic score were most likely
to be long time survivors of CTEPH, while low scorers had persistent PH or required medical therapy after
PEA. Similarly, “late angiogenesis” was encountered less in nonsurvivors, patients with persistent PH or
those requiring medical therapy, while “early angiogenesis” was found in all CTEPH patients. In fact the
combination of “overall” and “late” angiogenesis was predictive of survival, start of medical therapy and
persistent PH. These findings make intuitive sense. Less convincing, however, are the inverse correlation
between overall angiogenesis and the “age of the lesion”, and the finding that the “age of the lesion” was
higher in nonsurvivors. Since the age of the lesion was estimated as the time lapse between the first acute
episode of PE and PEA, this timing is difficult to ascertain considering that the initial clinical PE episode
may not necessarily be the first thromboembolic event in these patients with predisposing factors, and
nearly a quarter of the population did not have a history of VTE, hence age in their case is undetermined.

How about the role of inflammation in this study? The finding of inflammatory cells within CTEPH
lesions and the presence of circulating inflammatory biomarkers are not entirely novel as they have been
previously described [28, 29]. They suggest some degree of chronic inflammation in this disease similar to
PAH. However, recruitment of neutrophils (which herald acute rather than chronic inflammation) as
identified in this study is indeed intriguing. Of further interest is the presence of inflammatory cells in
thrombotic and atherosclerotic, rather than neoimtimal and recanalised, lesions. This finding would
suggest that inflammation might be an active participant in thrombus formation and perhaps not so
important for recanalisation through proper angiogenesis. This is certainly consistent with the concept of
“inflammatory thrombosis” proposed by LANG et al. [1] and others.

Finally, the authors make some interesting but rather preliminary observations that 1) vascular endothelial
growth factor (VEGF) was inversely correlated with mean pulmonary arterial pressure post-PEA, and
2) low VEGF levels were found in CTEPH patients who displayed persistent PH post-PEA. These casual
but intriguing observations certainly present an element of conundrum since on one hand vascular
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channels and recanalisation are thought to be driven by growth factors such as VEGF [30], and on the
other hand angiogenic modulatory proteins with inflammatory properties (e.g. soluble endoglin and VEGF
receptor-1) are elevated in PAH and predict poor outcome [25]. Importantly, from a mechanistic
standpoint, the attempt by the authors to link inflammation, altered angiogenesis and clinical outcome
(a tall order to be sure) falls somewhat short in this clinical study for the obvious limitations an
observational clinical study presents. This link, well known to be operative in tissue repair, infectious
processes and cancer, is probably driven by hypoxia and hypoxia-inducible factor-regulated signalling
processes, a fundamental mechanistic underpinning that was not investigated here.

There are a few limitations in this study. Although the angiogenic score was performed by a pathologist
unaware of the specific patient outcome, the scoring was qualitative rather than quantitative, not
corroborated by an independent examiner, and therefore, somewhat subjective. In-hospital mortality was
surprisingly high; however, the authors note in their defence that collection of the histological specimens
started quite some years ago when PEA perioperative complications and death were far more common.
There was also an inevitable lag between blood collection for biomarkers and histological assessment,
which renders conclusions regarding morphology (with recanalisation and inflammation) and outcomes
rather descriptive and speculative.

In closing, QUARCK et al. [27] clearly provide an improved and authoritative view of the landscape of
CTEPH lesions and their various components. While in the realm of straight pathological observations,
their rather elegant study brings new concepts about the pathogenesis of CTEPH and its clinical
implications that are both highly insightful and provocative.
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