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ABSTRACT

Pulmonary endarterectomy is the gold standard treatment for chronic thromboem-
bolic pulmonary hypertension and is potentially curative, although some patients
are unsuitable for pulmonary endarterectomy and require alternative manage-
ment. Lack of standardized assessment of pulmonary endarterectomy eligibility
risks suboptimal treatment in some patients. We discuss the implications for
future clinical trials and practice of a unique operability assessment in patients
who have chronic thromboembolic pulmonary hypertension and were initially
screened for inclusion in the CHEST-1 (Chronic Thromboembolic Pulmonary
Hypertension Soluble Guanylate Cyclase Stimulator Trial-1) study. The
CHEST-1 study evaluated riociguat for the treatment of inoperable chronic throm-
boembolic pulmonary hypertension (CTEPH) or persistent/recurrent pulmonary
hypertension after pulmonary endarterectomy. Screened patients who were
initially considered ‘‘inoperable’’ underwent central independent adjudication
by a committee of experienced surgeons, or local adjudication in collaboration
with an experienced surgeon. Operability decisions were based on accessibility
of thrombi and the association between pulmonary vascular resistance (PVR)
and the extent of obstruction, using pulmonary angiography/computed tomogra-
phy with ventilation/perfusion scintigraphy as the minimum diagnostic tests. Of
446 patients screened for CHEST-1, a total of 188 and 124 underwent central
and local adjudication, respectively, after being initially considered to be ‘‘inop-
erable.’’ After a second assessment by an experienced surgeon, 69 of these 312
‘‘inoperable’’ patients were deemed operable. Rigorous measures in CHEST-1
guaranteed that only technically inoperable patients, or patients who
had persistent/recurrent pulmonary hypertension, were enrolled, thus ensuring
that only patients for whom surgery was not an option were enrolled. This study
design sets new standards for future clinical trials and practice in CTEPH,
helping to ensure that patients who have CTEPH receive optimal treatment. (J
Thorac Cardiovasc Surg 2016;152:669-74)
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Central Message

The CHEST-1 operability assessment sets new
standards for CTEPH trials, ensuring that pa-
tients who are eligible for pulmonary endarter-
ectomy are correctly identified.

Perspective

Pulmonary endarterectomy is potentially cura-
tive in CTEPH. Some patients are ineligible
for the surgery, but operability assessment is
complex and subjective, and patients can be
wrongly designated as inoperable. The opera-
bility assessment methodology presented here
from the CHEST-1 study is designed to ensure
that all patients who may benefit from pulmo-
nary endarterectomy are correctly identified.
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Chronic thromboembolic pulmonary hypertension (CTEPH)
is characterized by obstruction of the pulmonary vasculature
by residual organized thrombi,1,2 leading to increased
pulmonary vascular resistance (PVR), progressive
pulmonary hypertension, and right ventricular failure.3-5

CTEPH is a major cause of severe pulmonary hypertension,
yet the disease remains underdiagnosed.6 Early diagnosis is
essential to identify the most appropriate treatment, without
which prognosis is poor.6,7

Pulmonary endarterectomy is the recommended treat-
ment for CTEPH and is potentially curative.8,9 However,
patients who have distal disease may not benefit from
pulmonary endarterectomy, and patients who have certain
comorbidities are ineligible, whereas others have
persistent/recurrent pulmonary hypertension after
surgery.6,8-10 For some of these patients, specifically those
deemed technically inoperable owing to distal disease,
and those who have persistent/recurrent pulmonary
hypertension after pulmonary endarterectomy, medical
therapy should be considered.

Appropriate assessment of operability is vital to ensure
that patients receive the most suitable treatment, and that
patients who have operable disease are not misclassified
and denied pulmonary endarterectomy. However, the
assessment of operability is subjective and challenging8;
in the absence of a risk-stratification scoring system,
making a consistent assessment is difficult, in both clinical
practice and multicenter clinical trials in CTEPH. In view of
this, all patients who have suspected CTEPH should be
referred to an expert center for confirmation of diagnosis,
assessment of operability, and treatment.8,11,12

Nonetheless, in patients with truly inoperable disease
and those who have symptomatic residual/recurrent
pulmonary hypertension after pulmonary endarterectomy,
specific drug therapy for pulmonary hypertension may
play a role. Previous randomized controlled studies of
pulmonary arterial hypertension–targeted medications in

patients who have CTEPH have shown variable clinical
effectiveness.13,14 Riociguat, a novel soluble guanylate
cyclase stimulator15-17 is approved for the treatment of
inoperable or persistent/recurrent CTEPH, based on the
pivotal phase III Chronic Thromboembolic Pulmonary
Hypertension Soluble Guanylate Cyclase-Stimulator
Trial-1 (CHEST-1) study.18

CHEST-1 was a multicenter, randomized, double-blind,
placebo-controlled study; the primary endpoint was a
change from baseline in 6-minute walking distance
after 16 weeks of treatment. Rigorous adjudication in
CHEST-1 guaranteed that only technically inoperable
patients, and patients who had persistent/recurrent
pulmonary hypertension, were enrolled. CHEST-1 was the
first large randomized clinical trial of a pharmacotherapy
in CTEPH to demonstrate statistically significant effective-
ness, in terms of both increased 6-minute walking distance
(þ39 m) and reduced PVR (�226 dyn/s/cm�5) in patients
who had inoperable CTEPH or persistent/recurrent
pulmonary hypertension after pulmonary endarterectomy.18

Here, we report the impact of the unique methodology
employed to assess operability in CHEST-1 and discuss
its implications for future clinical trials and clinical
practice.

CURRENT GUIDELINE RECOMMENDATIONS
Current CTEPH guidelines recommend that diagnosis of

CTEPH be carried out in a stepwise process, starting with
echocardiography to assess the right ventricle and
ventilation/perfusion scintigraphy (Figure E1) to look for
mismatched perfusion defects (with a normal ventilation/
perfusion scan, excluding CTEPH as a diagnosis). Once
CTEPH is diagnosed, operability assessment requires at
least one more good-quality radiologic investigation to
examine the anatomic pattern of the occlusive throm-
boembolic disease, preferably a catheter-based selective
pulmonary angiography in 2 planes.8 High-quality
computed tomography or magnetic resonance angiography
are potentially suitable investigations in experienced
CTEPH centers. Recurrent disease is relatively rare if
anticoagulation is well controlled. However, if patients
experience recurrent breathlessness, the investigations
need to be repeated.8

Despite sophisticated imaging techniques, the assess-
ment of technical feasibility of pulmonary endarterectomy,
as dictated by the angiographic pattern of obstruction, is
subjective and depends on the experience of the surgeon.8

Furthermore, the correlation between the extent of
thromboembolic obstruction and the degree of pulmonary
hypertension influences any risk–benefit analysis.
Radiographic and hemodynamic evaluations must be
performed in tandem to determine operability and
estimate the relative risk from undergoing pulmonary
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