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Commentary: Chronic
thromboembolic pulmonary
hypertension and the
misguided thrombus
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Accumulating evidence supports
the concept of inflammatory
thrombosis as an important
component in chronic throm-
boembolic pulmonary
hypertension.
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Michael Hsin, MBBChir, FRCS, CTh,a and
Katherine Fan, MBChB, MRCP, FRCPb

In this issue of the Journal, Ataam and colleagues1 report
their study on patients from the French National Chronic
Thromboembolic Pulmonary Hypertension (CTEPH)
Registry undergoing pulmonary endarterectomy (PEA).
Preoperative C-reactive protein (CRP) levels >10 mg/L
were found to be independently associated with the need
for prolonged catecholamine support. The authors suggest
a link between preoperative systemic inflammation and
perioperative hemodynamic instability characterized by
profound vasoplegia.

Of the patients who suffer from venous thromboembo-
lism or pulmonary embolism, only a small minority
(0.1%-9%) develop CTEPH.2,3 It is thought that the devel-
opment of CTEPH is caused by more than just thromboem-
bolic obliteration. Normally, the thrombus is removed by a
process of degradation and organization and adaptive
remodeling of the vessel wall with recanalization. Leuco-
cyte recruitment and angiogenesis play important roles in
thrombus resolution.2 Epidemiologic studies have identi-
fied predisposing factors for CTEPH,4 such as infection
(osteomyelitis) and malignancy, indwelling catheters or
ventriculo-atrial shunts, splenectomy, chronic inflamma-
tory conditions (eg, inflammatory bowel disease), non-O
blood group, and genetic predisposition involving the coag-
ulation system.5 These associations suggest infection-
induced inflammation and noninfectious inflammatory
states such as malignancy may stabilize themoboemboli.6
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Indeed, one of the pathophysiologic concepts of CTEPH
is inflammatory thrombosis, where excessive inflammation
may play a role in thrombus nonresolution.2,6 Other impor-
tant pathophysiologic concepts include “deficient angio-
genesis” and “abnormal fibrin.”2

Studies based on patients with CTEPH undergoing PEA
have provided support to this concept of inflammatory
thrombosis. Quarck and colleagues7 examined the pulmo-
nary vascular material collected from patients who under-
went PEA. Histologic study showed that accumulation of
T-lymphocytes, macrophages, and neutrophils was found
mainly in atherosclerotic and thrombotic lesions.
Plasma inflammatory biomarkers levels were also found

to be elevated in these patients. These included CRP,
interleukin-10, monocyte chemotactic protein-1, macro-
phage inflammatory protein-1a, and matrix
metalloproteinase-9. CRP and matrix metalloproteinase-9
levels were correlated with neutrophil and macrophage
accumulation.7 The presence of inflammatory cells in
thrombotic and atherosclerotic, rather than neoimtimal
and recanalized, lesions suggest inflammation might be an
active participant in thrombus formation.5 Another study
of resected PEA specimens showed that inflammatory
markers, including IL-6, monocyte chemoattractant
protein-1, interferon-induced protein 10, macrophage
inflammatory protein-1a, and chemokine ligand 5
(RANTES), were upregulated in resected PEA supernatant
compared with lung tissue from healthy controls.8
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Based on the simplified concept of “inflammatory throm-
bosis” triggering ongoing thrombosis, the Vienna group
measured D-dimers and CRP levels in patients at the time
of CTEPH diagnosis and showed that both were indepen-
dent and significant predictors of outcome in CTEPH. Inter-
estingly, after PEA, D-dimer and CRP levels decreased.
These observations support important roles played by fibrin
turnover and inflammation in the pathogenesis of CTEPH.9

Ataam and colleagues have taken this further and propose
CRP as a biomarker for patients with CTEPH undergoing
PEA. This should be further validated using different
patient cohorts. Given that patients with CTEPH may be
stratified according to preoperative inflammatory status,
clinicians need to explore how to optimize perioperative
management to achieve better outcomes in this patient
population.
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pulmonary hypertension—The
clot thickens
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Biomarkers are becoming
increasingly important to assess
patients with chronic thrombo-
Marc de Perrot, MD, MSc, FRCSC

Chronic thromboembolic pulmonary hypertension
(CTEPH) is one of the main causes of pulmonary hyperten-
sion (PH) with a prevalence ranging between 3 and 30 cases
per million inhabitants.1 Pulmonary endarterectomy (PEA)
is the treatment of choice. It is associated with major
benefit in quality of life and can lead to long-term resolution
embolic pulmonary
hypertension.
of the PH.2,3 Increasing experience and refinements in
surgical techniques have expanded the indications for
PEA.4 Currently, patients with disease located at the level
of the segmental arteries can be excellent surgical
gery c April 2021
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