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ABSTRACT The rationale for the use of pulmonary arterial hypertension-targeted drugs in chronic

thromboembolic pulmonary hypertension is based on four bundles of evidence, as follows: 1) the

pathobiology of the disease, with a distal component of pre-capillary arteriopathy that is very similar to

pulmonary arterial hypertension; 2) the inoperability of some patients, and the persistence or recurrence of

pulmonary hypertension after pulmonary endarterectomy in others; 3) the short-term efficacy and safety of

pulmonary arterial hypertension-targeted drugs in these patients; and 4) their potential effect on survival.

Chronic thromboembolic pulmonary hypertension is essentially a surgical disease, curable by pulmonary

endarterectomy, with acceptable procedural mortality in experienced centres. Patient selection for surgery is

extremely complex and results in 30–50% of patients considered inoperable. A large clinical experience has

been built up with endothelin receptor antagonists and phosphodiesterase-5 inhibitors, while evidence from

controlled trials is running far behind schedule. More recently, a randomised controlled trial with the

guanylate cyclase stimulator, riociguat, achieved its target and showed haemodynamic, as well as functional,

improvements within 4 months of therapy. The place of this therapy in the therapeutic arsenal needs to be

further defined, but should be strictly limited to inoperable patients.
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PEA is the choice treatment for CTEPH; its delay, due to assessing the effect of PAH-targeted
therapy, is detrimental http://ow.ly/mPhoI

Introduction
A large number of randomised controlled trials have clearly demonstrated the efficacy and safety of three

classes of drugs in pulmonary arterial hypertension (PAH), namely the prostacyclin analogues

(prostaglandin (PG) I2a), the endothelin receptor antagonists (ERA), and the phosphodiesterase-5

inhibitors (PDE5i). By contrast, chronic post-embolic pulmonary hypertension (CTEPH) has deserved less

attention probably because it is essentially a surgical disease, curable by pulmonary endarterectomy (PEA).

There is, however, a rationale for the use of PAH-targeted therapies in some patients with CTEPH.

CTEPH is characterised by unresolved thromboemboli associated with fibrous stenosis obstructing the

main, large, pulmonary arteries, in combination with distal arteriopathy of variable importance (fig. 1).

Although a history of massive and/or recurrent episodes of acute pulmonary embolism had been

documented in ,75% of CTEPH patients [1], the persistence of obstructing intraluminal fibro-thrombotic

material has not yet been elucidated. Because of the large cross-sectional area of the pulmonary vascular

bed, with further possibility of recruitment and distension of vessels, symptoms appear usually lately during

the disease process. Furthermore, because of the unspecific feature of symptoms, including dyspnoea at
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exercise and signs of right heart failure, CTEPH is notoriously underdiagnosed. It affects at least 15–19

patients per million inhabitants and carries a poor prognosis if left untreated [2].

Rationale for medical therapy in CTEPH
The histopathological examination of distal, precapillary pulmonary arteries of CTEPH patients shows

vascular changes similar to those observed in patients with idiopathic PAH [3], which are induced by

prolonged exposure to high flow and vasoactive factors. As observed in PAH, plasma levels of endothelin-1

are increased and correlate closely with the haemodynamic and clinical severity of the disease [4, 5]. If we all

agree that surgery, by means of PEA, is the treatment of choice for CTEPH, a significant proportion of

patients with CTEPH are not operable because of technical issues or comorbidities. Even patients who have

been operated on can still display persistent pulmonary hypertension (PH) after surgery. In the large

European/Canadian CTEPH registry, 17% of the patients had persistent PH (defined here as a mean

pulmonary arterial pressure .25 mmHg at the last measurement in the intensive care unit), and at least

31% of the patients referred to the participating centres were considered inoperable, mainly because of

thrombus inaccessibility, discrepancy between PH severity and morphological lesions, pulmonary vascular

resistance (PVR) .1500 dyn?s-1?cm-5 and comorbidities [1]. In these patients, PAH-targeted therapies have

been commonly used despite insufficient scientific evidence for regulatory approval of this indication.

Short-term effects of medical therapy
Open-label trials of 3–6-month duration, with the PGI2a epoprostenol and treprostinil, the PDE5i

sildenafil, the ERA bosentan and the guanylate cyclase stimulator (sGC) riociguat, have shown

Small vessel arteriopathy

Exposure to high pressure/flow
       and vasoactive factors

Large vessel disease

Unresolving  pulmonary
embolism (extensive

or repeated)

FIGURE 1 Characteristics of chronic post-embolic pulmonary hypertension.
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improvements in haemodynamics (12–33% decrease in PVR) and exercise capacity (45–92-m increase in

6-min walking distance (6MWD)). These results are summarised in table 1. These different trials included

mainly inoperable patients, and also patients with post-operative persistent PH, but did not include patients

with comorbidities. Four, randomised, controlled trials included CTEPH patients (table 1). The first trial,

with iloprost, did not meet the primary end-point in nonidiopathic PAH patients, and data specific to

CTEPH group were not provided [8]. The second trial, with sildenafil, included only 19 patients and was

consequently not powered to demonstrate a therapeutic effect [11]. PVR was improved by 28%, but 6MWD

was unchanged. The first of the two large CTEPH-specific, 16-week duration, randomised controlled trials,

the BENEFIT (Bosentan effects in inoperable forms of chronic thromboembolic pulmonary hypertension)

study [16], included 157 patients (mean age 63 years, 6MWD 342 m and PVR 783 dyn?s-1?cm-5, at

baseline) of whom 28% had been operated upon, and showed improvement of one of the co-primary end-

points (PVR -24%; p,0.0001) in the group treated with bosentan. However, this effect was less important

than in a previous study including PAH patients (PVR -46%; p,0.001) [19]. The other co-primary end-

point, the 6MWD, was unchanged. Secondary end-points, such as N-terminal pro-brain natriuretic peptide

(NT-proBNP) and Borg dyspnoea index, were also improved. The more recent CHEST-1 study [18], which

included 261 patients (mean age 59 years, 6MWD 349 m, and PVR 785 dyn?s-1?cm-5, at baseline) of whom

27% had been operated on and had had riociguat administered for a similar duration of 16 weeks, with a

randomisation of 2:1, showed improvement in 6MWD (46 m; p,0.0001), PVR, NT-proBNP, New York

Heart Association functional class (NYHA FC) functional class, Borg dyspnoea index and quality of life.

Riociguat was well tolerated, inducing mainly headache and dizziness as adverse events. Hypotension was

observed in 9% of the patients, despite a cautious drug up-titration scheme. This makes riociguat the first

drug to consistently demonstrate clinical efficacy in inoperable or persistent CTEPH, and it is currently

being evaluated for approval by the American and European regulatory authorities. In both trials,

inoperability was mandatory and needed to be confirmed by a panel of experts, who did not reach a

consensus in a significant number of cases. Most frequently, this was related to poor imaging quality and

emphasised the need for elaboration of objective operability criteria, for specific imaging guidelines and,

even more importantly, for referral to expert surgeons. As patient characteristics and study duration were

very similar in both large controlled trials, we have currently no convincing explanation for the paradoxical

discordance between improvements in haemodynamics and exercise capacity in the BENEFIT trial. Usually,

a 100 dyn?s-1?cm-5 decrease in PVR corresponds to a 20-m improvement in 6MWD, after surgery as well as

under medical treatment. We can hypothesise either that the study was underpowered (with only 77

patients being treated in the BENEFIT study versus 173 in the CHEST-1 study) or that the greater mean age

(by 4 years) could have prevented patients from recovering mobility within a 4-month period.

Long-term survival effects of medical therapy
Single-centre cohorts and the European/Canadian CTEPH registry also suggested an improved survival in

inoperable patients treated with PAH-targeted drugs (table 2). In the Vienna cohort [7], 5-year survival of

50% was observed in treprostinil-treated patients, in comparison with 15% survival in historically untreated

patients. In the Cambridge cohort [20], 5-year survival of medically treated patients was also .50%. In the

previously mentioned CTEPH registry [21], 61% of the inoperable patients were treated with bosentan and/

or sildenafil. Their survival was similar to the survival of untreated patients, while their functional and

haemodynamic profile (88% versus 73% NYHA FC III–IV, 6MWD 300 m versus 340 m, PVR

778 dyn?s-1?cm-5 versus 480 dyn?s-1?cm-5) would suggest a worse outcome.

The therapeutic approach in CTEPH depends on the operability of the patient. The European/Canadian

CTEPH registry clearly indicated a better survival in operated patients with a 3-year survival rate of 89% in

comparison with 70% in inoperable patients with similar haemodynamics (PVR 728 dyn?s-1?cm-5 versus

676 dyn?s-1?cm-5). In single-centre cohorts, the difference seems even bigger at 5 years with a survival .75%

in operated patients (table 3) and ,50% in inoperable patients (table 2). However, as operability criteria are

not easily and clearly defined, operability assessment differs from centre to centre and the percentage of

operated patients increases with centre experience [26]. A large number of patients who could benefit from a

curative PEA are currently treated medically in less experienced centres, which clearly impacts their survival.

Patient selection for medical therapy
Inoperable patients
The main criteria for inoperability are as follows: 1) inaccessibility, with vascular obstruction distal to the

segmental arteries and 2) discrepancy between PVR and vascular obstruction suggesting extensive small

vessel arteriopathy. A cautious approach is also recommended in patients with very high PVR

(.1200 dyn?s-1?cm-5) [27], and in patients with a history of splenectomy or ventriculoatrial shunt

frequently associated with more distal disease and persistent post-operative PH [28].
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Pre-treatment
When considering patients with very high PVR, some authors have proposed to pretreat patients with PAH-

targeted drugs as a bridge to PEA. Epoprostenol [29–31] can reduce PVR pre-operatively, but has been

suspected by surgeons to make resected material more friable and surgery more difficult. Furthermore,

bosentan and sildenafil are currently prescribed in a large proportion of patients referred for PEA: up to

37% in the surgical centre of San Diego, CA, USA [31] and in 28% according to the CTEPH European/

Canadian registry [1]. Globally, pretreatment delayed surgery and had no or even detrimental effect on PEA

outcome [26, 31].

However, two small series suggest that patients with a mean pulmonary arterial pressure ,30 mmHg

receiving only anticoagulants have a favourable outcome, with 5-year survival of at least 90% [32, 33]. Such

patients, in particular if they are old and poorly symptomatic (NYHA FC I–II), could benefit from

conservative follow-up.

Persistent or recurrent PH
Concerning persistent post-operative PH, we are facing the lack of a common definition. Surgical series have

reported 10–20% persistent PH; however, ,50% of patients with normal pulmonary arterial pressure at rest

have exercise-induced PH [34], and all patients have and maintain distal obstructive lesions (see post-PEA

pulmonary angiographies and ventilation–perfusion scans) and have some degree of pre-capillary arteriopathy.

Persistent PH can be defined differently at different time-points: immediately after cardiopulmonary bypass

and in the intensive care unit by a PVR .500 dyn?s-1?cm-5, based on the observation that those patients have a

worse survival [35] or 3–6 months after PEA by the usual pulmonary arterial pressure cut-off value of

25 mmHg. In the two previously mentioned large controlled trials [16, 18], patients with persistent post-

operative PH were included if PVR was .300 dyn?s-1?cm-5 at .6 months after PEA.

New oral anticoagulants
Concerning the use of new oral anticoagulants (rivaroxaban, dabigatran and apixaban) in patients with

CTEPH, we should be aware of drug interactions with ERA as well as with PDE5i, and should refrain from a

systematic switch before more evidence is available. Bosentan, as cytochrome P450 3A4 (CYP3A4) inducer,

can potentially reduce concentration of the factor Xa inhibitors, rivaroxaban and apixaban [36]. Moreover,

PAH and CTEPH patients may also receive strong inhibitors of CYP3A4 and P-glycoprotein, such as azole-

antimycotics and HIV protease inhibitors, causing a significant increase in rivaroxaban exposure that could

increase the risk of bleeding [37].

Conclusions
PEA remains the first choice treatment for CTEPH with, by far, the best long-term outcome and acceptable

mortality if performed in experienced centres. Therefore, all patients should be considered for surgery and

evaluated in PEA centres. Delaying surgery in order to test the effect of PAH-targeted therapy is probably

detrimental for the patient.

If surgery is impossible or the operative risk too high, or in the case of persistent PH after PEA, the use of

PAH-targeted therapy seems appropriate. ERA and PDE5i are not approved for CTEPH, but a large clinical

experience has built up that suggests improved survival. However, a recent controlled trial with the sGC

riociguat showed improvements in exercise capacity and haemodynamics and the drug is currently under

evaluation for approval in CTEPH.

TABLE 3 Long-term survival rate in operated chronic post-embolic pulmonary hypertension patients

Treatment First author [Ref.] Patients n NYHA-FC 6MWD m Survival %

Year 1 Year 2 Year 3 Year 5

PEA ARCHIBALD [24] 532 ND ND 88 84 81 76
PEA CORSICO [25] 157 II–IV ND NA NA NA 84
PEA CONDLIFFE [20] 236 II–IV 243¡133 88 NA 76 75
PEA SIMONNEAU [21] 404 II–IV 340 93 91 89 NA

Data are presented as mean¡SD, unless otherwise stated. PEA: pulmonary endarterectomy; NYHA-FC: New York Heart Association functional
class; 6MWD: 6-min walking distance; ND: not determined; NA: not available.
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