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ABSTRACT: Patients with chronic thromboembolic pulmonary hypertension (CTEPH) have

fibrous obstructions in their proximal pulmonary arteries, as well as a variable degree of

secondary vascular remodelling of distal, surgically inaccessible, small pulmonary vessels.

Pulmonary endarterectomy (PEA) is currently the only potentially curative treatment option for

CTEPH, although it is not known whether it has a beneficial effect on established secondary

remodelling. Medical pre-treatment with therapies specific for pulmonary hypertension is often

used as a bridge to PEA.

The aim of PEA is the mechanical removal of the proximal fibrous pulmonary artery obstruction

as completely as possible while avoiding vascular injury within the lung. The challenge is to find

and follow the correct pulmonary artery endarterectomy plane in the time allowed during brief

periods of circulatory arrest.

Learning the operative technique is a complex process and, thus, early mortality after PEA

decreases with increasing levels of surgical training and experience. Most patients experience

lasting symptomatic and haemodynamic improvements after PEA, with only 10–20% having

persistent or recurrent pulmonary hypertension after surgery.
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C
hronic thromboembolic pulmonary hyper-
tension (CTEPH) is defined as sympto-
matic pulmonary hypertension (mean

pulmonary artery pressure (Ppa) .25 mmHg) with
persistent lung perfusion defects [1]. Patients with
CTEPH have fibrous obstructions in their proximal
pulmonary arteries, and this mechanical compo-
nent of the disease is judged to be amenable to
surgery. CTEPH can be worsened by a variable
degree of secondary vascular remodelling of distal,
surgically inaccessible, small pulmonary vessels,
which can occur in regions served by open
proximal vessels and regions downstream of the
occluded vessels [2]. This review provides an
understanding of the surgical treatment, as well
as the pre-operative and post-operative manage-
ment of patients with CTEPH.

SURGICAL MANAGEMENT

Indication for surgery
Pulmonary endarterectomy (PEA) is currently
the only potentially curative treatment option for

patients with CTEPH. However, it is not known
whether PEA has an effect on the risk of subsequent
arteriopathy. It is imperative that a diagnosis of
CTEPH has been established before surgery is
considered, and patients must have undergone
anticoagulation therapy for at least 3 months.
Patients being considered for surgery should be
evaluated by an interdisciplinary team of medical
and surgical specialists experienced in PEA using
high-quality imaging technologies [3]. The majority
of patients selected for surgery are in New York
Heart Association (NYHA) functional class III or
IV, having dyspnoea at low levels of exertion or at
rest. Surgery may also be considered in patients in
NYHA functional class II (i.e. with exertional
dyspnoea) and with close to normal pulmonary
vascular resistance (PVR) at rest, if PVR increases
significantly with exertion. In these patients, PEA
will improve the ventilation–perfusion balance.
Treatment of the disease at a relatively mild stage
may, in time, help to minimise the development of
secondary pulmonary arteriopathy [4].
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Mean PVR in patients undergoing PEA is 800–1,000 dyn?s?cm-5

[5]. PVR is an important predictor of peri-operative mortality
and, as such, a good prognostic marker for surgery. A
pulmonary hypertension database study from the UK that
included .450 patients with CTEPH showed a five-fold higher
post-PEA mortality in the group of patients with a pre-
operative PVR of .1,200 dyn?s?cm-5 than in those with a
pre-operative PVR of ,900 dyn?s?cm-5 [6].

Evaluation of operability
CTEPH is considered inoperable in 20–40% of cases, with the
proportion of patients deemed inoperable differing between
countries and specialist centres, and depending on patient
referral patterns, the specialty of the clinical department where
the patient is assessed and the surgical experience of the
operating team [4, 7, 8]. It is vital to perform pre-operative risk
stratification in patients with CTEPH who are being consid-
ered for PEA. Reasons for a decision of inoperability include
comorbidity (e.g. significant chronic obstructive pulmonary
disease or severe left ventricular dysfunction), as well as the
presence of certain risk factors, such as microvascular disease
or a PVR of .1,200 dyn?s?cm-5 [7, 9–11].

Medical pre-treatment
Medical pre-treatment with specific pulmonary hypertension
therapies is often used as a bridge to PEA [12, 13], particularly in
Europe; although efficacy data from randomised clinical trials
are not available. In the UK, 65% of patients with CTEPH who
underwent a PEA at a pulmonary hypertension centre between
2003 and 2006 received pre-treatment with prostanoids, an
endothelin receptor antagonist or a phosphodiesterase-5 inhi-
bitor [8]. Only ,18% of patients with CTEPH who were referred
for treatment at specialist centres in Germany and Switzerland
between 2008 and 2009 were not pre-treated with a drug specific
for pulmonary hypertension. The remaining 82% received either
monotherapy or combination therapy with pulmonary hyper-
tension specific medications, including prostanoids, endothelin
receptor antagonists and phosphodiesterase-5 inhibitors
(table 1).

Surgical technique
The aim of surgery is the mechanical removal of the proximal
fibrous pulmonary artery obstruction as completely as possible
while avoiding vascular injury within the lung, which might

cause a fatal complication. During the course of CTEPH, distal,
small pulmonary vessels can undergo vascular remodelling,
but it is not known whether PEA has a beneficial effect on
remodelling that is established at the time of surgery.

The surgical technique for PEA was developed and standar-
dised at the University of California (San Diego, CA, USA) [15],
although protocols vary even among expert centres. PEA
requires bilateral proximal pulmonary artery incisions, and
endarterectomy is carried out gently using small, blunt
instruments (fig. 1). The procedure involves the establishment
of extracorporeal circulation under conditions of deep
hypothermia to 20uC and is carried out during brief periods
of circulatory arrest, which are limited to 20 min [6, 15, 16]. The
challenge of PEA is to find and follow the correct pulmonary
artery endarterectomy plane in the time allowed during
circulatory arrest. The operative technique is complex and
requires substantial training and experience.

POST-OPERATIVE MANAGEMENT
Haemodynamics immediately following surgery are usually
very different from those prior to surgery, with patients falling
into one of three categories. 1) Most (,70%) patients will have
an abrupt, significant decrease in Ppa together with an
increased cardiac output and systemic vasodilation. There is
no need for intense medical therapy in these patients and
management includes cautious fluid administration, reduction
of cardiac output to avoid pulmonary overflow and adminis-
tration of vasoconstrictors. 2) In a fifth of patients, Ppa will
remain elevated, together with an increased cardiac output and
systemic vasodilation. These patients are at risk of pulmonary
reperfusion oedema and secondary right ventricular failure,
and will require cautious fluid therapy, cardiac output
reduction and diuretics. 3) Finally, in ,10% of patients,
Ppa will remain highly elevated, together with a low cardiac
output and right ventricular and multi-organ failure. These
patients are at severe risk of further haemodynamic deteriora-
tion and death. Management includes fluid restriction,

TABLE 1 Medical pre-treatment with therapies specific for
pulmonary hypertension (PH) as a bridge to
pulmonary endarterectomy#

Medical therapy for PH Patients

PH specific monotherapy 35 (70)

PH specific combination therapy 6 (12)

No PH specific therapy 9 (18)

Data are presented as n (%). #: data obtained following personal experience at

the Giessen University Hospital (Giessen, Germany), the Kerkhoff Clinic (Bad

Nauheim, Germany) and Zürich and Bern University Hospitals (both

Switzerland) between January 2008 and March 2009.

FIGURE 1. A pulmonary endarterectomy specimen. It is possible to perform

endarterectomy down to segmental branches of pulmonary arteries. Reproduced

from [14] with permission from the publisher.
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diuretics, inotropics, continuous venovenous haemofiltration
and extracorporeal membrane oxygenation. Factors that are
associated with death after PEA include residual pulmonary
hypertension, right ventricular failure and lung reperfusion
injury [5].

Post-operative treatment protocols vary even among expert
centres. Selective pulmonary vasodilation with inhaled iloprost
can be beneficial after surgery: in contrast with placebo, a
single dose of iloprost administered immediately after surgery
led to significant reductions in mean Ppa and PVR in a small,
randomised study of patients with residual pulmonary
hypertension after PEA [17]. Early reocclusion prophylaxis
with heparin is mandatory after PEA, as is lifelong therapeutic
anticoagulation (international normalised ratio target range
2.5–3.5), which should be started as soon as possible following
surgery [1]. Patient-controlled anticoagulation therapy may
improve outcome and reduce complications. No consensus
exists on the potential benefits of pre-operative insertion of a
vena-cava filter [1].

OUTCOME
To date, approximately 4,000 PEA operations have been
performed worldwide. Results from specialised centres are
excellent, with post-operative mortality rates ranging from
,5% to ,10%, depending on the level of experience of the
surgical team [1, 4]. At the University of California, early
mortality after PEA decreased from 9.1% for the first 500
patients to 6.7% for the following 1,000 patients (overall
mortality 7.5%) [15]. Our own outcomes from the Johannes
Gutenberg University Hospital (Mainz, Germany) and
Kerckhoff Heart and Lung Centre (Bad Nauheim, Germany)
show similar trends of improved survival with increasing
levels of surgical experience (table 2). Significant improve-
ments in exercise capacity and haemodynamics are achieved in
most patients after PEA, as are good long-term improvements
in quality of life and life expectancy [1]. An improved post-
PEA peak oxygen uptake that was subsequently maintained at
1–2 yrs after surgery has also been reported [18]. The
proportion of patients with persistent or recurrent pulmonary
hypertension after PEA is believed to be between 10–20% [7].

MEDICAL TREATMENT OF INOPERABLE CTEPH
Data from pulmonary hypertension centres in the UK suggest
that, in recent years, the prognosis has also improved for
patients with inoperable CTEPH, but that initial functional
improvements do not persist far beyond the first year after

diagnosis [8]. There are currently no approved medical
therapies for CTEPH and no compelling data from randomised
controlled trials that support the efficacy of approved
pulmonary hypertension therapies in patients with CTEPH
[19, 20]. A randomised trial of bosentan in inoperable forms of
CTEPH (i.e. the Bosentan Effects in iNopErable Forms of
chronIc Thromboembolic pulmonary hypertension study)
showed a 24% reduction in PVR, compared with placebo
(p,0.001), but did not reach its co-primary end-point of an
improved 6-min walking distance [19, 21]. In the current issue
of the European Respiratory Review, a more in-depth discussion
of pulmonary hypertension pharmacotherapies in CTEPH is
provided by KIM [22].

CONCLUSIONS
Symptomatic and haemodynamic improvements following
PEA are persistent in most patients with CTEPH. Supporting
data for PEA from randomised, placebo-controlled trials are
not available, as it would be unethical to withhold treatment in
these severely ill patients. Notwithstanding, surgery is likely to
remain the mainstay of therapy for patients with CTEPH.
However, the effect, if any, of PEA on secondary vascular
remodelling that was established before surgery remains to be
elucidated.
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