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 CTEPH is symptomatic PH with persistent 

perfusion defects after 3-6 months of adequate 

anticoagulation

 CTEPH is a disease with

 a mechanical component judged amenable to 

surgery (obstruction of elastic PA)

 and variable small vessel disease in non-

occluded areas (remodelling in small 

muscular PA)

Remodelling

Obstruction

Chronic thromboembolic pulmonary hypertension (CTEPH)
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Unresolving

pulmonary emboli 

Increased thrombosis1

Deficient fibrinolysis2

Platelet activation3

Inflammation1,4,5, 11

Infection1,6

Splenectomy1,3

Activation of EC/SMC5,7

Progenitor cells8

Deficient angiogenesis9, 12

Genetics10



CTED incidence



CTEPH-Chronic Thromboembolic 
Disease (CTED) definitions

Kim NH et al. ERJ 2018 



CTEPH management

• Pulmonary endarterectomy

• Balloon Pulmonary Angioplasty

• PH-targeted medical therapy



PULMONARY ENDARTERECTOMY

• Performed during deep 

hypothermic circulatory arrest

• 20 mins to complete each PA

• Removal of the intraluminal

obstruction, intima and a portion 

of the medial layer of the 

pulmonary artery







Long term survival data

Madani M et al. Ann Thorac Surg 2012;94:97-103

In-hospital mortality 2.2%
10-year-survival 75%



Survival by technical operability and 
patient choice

Quadery SR et al. ASPIRE registry, ERJ 2018



Benefit/risk assessment for PEA
not indications/contraindications



Azarian R et al. J Nucl Med 1997; 38: 980–983

Pulmonary vascular obstruction score%

PVO 35%

PVO 75%





UCSD surgical classification

Madani M et al. Ann Am Thorac Soc 2016,





Impact on bridging medical therapy in 
operable CTEPH

• Registry: worse observed survival

• PEA bridging study: NCT0327357

Operable patients with high PVR, 1:1 with riociguat or placebo for 3 months

Primary endpoint: change from baseline PVR

Delcroix M et al. Circulation 2016



Impact of medical therapy before PEA in operable patients

Jensen KW, et al. Circulation 2009;120:1248-54.

 Retrospective analysis of CTEPH patients referred for PEA to UCSD (2005-2007)

 31% of patients on PAH-targeted therapy  Significant delay for referral



CTEPH management

• Pulmonary endarterectomy

• Balloon Pulmonary Angioplasty

• PH-targeted medical therapy



Balloon Pulmonary Angioplasty in CTEPH

Before BPA

After BPA





Improving results with BPA



Classification of BPA complications



Advances in BPA therapy

2013 2018

Publications 3 166

Sites Japan International

Patient number 100 >1000

BPA targets Limited segments All segments

Procedural risk High Lower

Short-term efficacy:

Expert center Intermediate High

Non-expert center - Intermediate

Long-term outcome - <5 years



Long-Term Outcomes After Percutaneous Transluminal Pulmonary Angioplasty for Chronic 

Thromboembolic Pulmonary Hypertension

Circulation. 2016;134:2030–2032

170 pts, 649 sessions



CTEPH management

• Pulmonary endarterectomy

• Balloon Pulmonary Angioplasty

• PH-targeted medical therapy



Randomized controlled trials (RCTs) in CTEPH







Effects of PH drug therapy 
on exercise capacity and hemodynamics (RCT)

combination therapy 

Ghofrani et al, Lancet Respir Med 2017



Role of medical therapy
Current recommendations

CTEPH subgroups Recommendations

Technical inoperable Consider medical therapy* (RCT 1,2)

Persistent/Recurrent Consider medical therapy* (RCT 1)

Refusing surgery No data

Medically inoperable No data

Bridge to PEA Little data, RCT pending

Bridge to BPA No RCT data

CTED No data

All Anticoagulation lifelong. No RCT

*One currently approved drug, Riociguat
1 Ghofrani et al., NEJM 2013
2 Ghofrani et al. Lancet Respir Med 2017





Persistent / recurrent PH following PEA

Reference N Criteria Prevalence

Mayer E, J Thorac Cardiovasc Surg 2011 386 mPAP >25 mmHg end ICU 17%

Freed DH, J Thorac Cardiovasc Surg 2011 314 mPAP >30 mmHg at 3 mo 31%

Madani MM, Ann Thorac Surg 2012 500 PVR >500 dyne.s.cm-5 end ICU 6%

Skoro-Sayer N, Circulation 2009 103 PVR >550 dyne.s.cm-5 end ICU 14%

Corsico AG, Am J Respir Crit Care Med 2008 157 PVR >500 dyne.s.cm-5 at 4y 24%

• Due to incomplete resection, distal vasculopathy, inaccessible lesions, or re-

occlusion

• Most important cause of postoperative morbidity and mortality

• No consensus on the definition



Potential implications for follow-up after PEA

Cannon JE et al. Circulation 2016;133:1761-71; Hoeper MM Circulation 2016;133:1731-3

3-6 months after PEA surgery Therapeutic decision

Haemodynamics normalized No additional therapy needed (risk of 
recurrent PH ≈ 1%)

Asymptomatic, mild residual PH after 3-
6 months (PAPm <30 mmHg; PVR <425 
dyn) 

Probably no additional treatment 
needed

Asymptomatic, moderate-to-severe 
residual PH (PAPm ≥30 mmHg, PVR 
≥425 dyn)

Consider medical therapy, balloon 
pulmonary angioplasty

Symptomatic, any degree of residual PH Consider medical therapy, balloon 
pulmonary angioplasty

• 51% of pts have mPAP≥25mmHg when 
measured by RHC at 3 to 6 months post-PEA 



Persistent/Recurrent PH post PEA

Recommendation

• Long term follow-up is important

• Consider treatment reassessment (medical/BPA/redo PEA)

if symptomatic II-IV and 

mPAP≥25mmHg, PVR≥300dyn.s.cm-5 at >6months post PEA

Cannon JE et al. Circulation 2016, Kim NH et al. ERJ 2018



CTEPH Diagnosis
Continue Lifelong Anticoagulation

Operable Non-operable

Persistent/recurrent symptomatic
pulmonary hypertension

Targeted medical  therapy
with or without BPA 2,3

Pulmonary 
Endarterectomy
(Treatment of Choice)

1 Multidisciplinary: PEA/PTE surgeon, PH expert, BPA interventionalist, and radiologist
2 Expert center defined: > 50 PEA/PTE, > 100 BPA sessions per year
3 BPA without medical therapy can be considered in selected cases

Treatment Assessment by an

Expert CTEPH Team 1,2





Definition of expert surgical centre

• surgical mortality (<5%) 

• surgical volume (more than 50 PEAs per year)

• ability to perform segmental endarterectomy

Jenkins D et al. Eur Respir Rev 2017,

**evaluate and offer any/all established treatment modalities    
according to individual need



CTEPH Diagnosis
Continue Lifelong Anticoagulation

Operable Non-operable

Persistent/recurrent symptomatic
pulmonary hypertension

Targeted medical  therapy
with or without BPA 2,3

Pulmonary 
Endarterectomy
(Treatment of Choice)

1 Multidisciplinary: PEA/PTE surgeon, PH expert, BPA interventionalist, and radiologist
2 Expert center defined: > 50 PEA/PTE, > 100 BPA sessions per year
3 BPA without medical therapy can be considered in selected cases

Treatment Assessment by an

Expert CTEPH Team 1,2

Also valid for CTED management?



• 42 selected patients with CTED received a PEA, improved 
symptoms, NYHA and QoL, no mortality

• 10 patients with CTED received BPA, improved NYHA, 6MWD, 
hemodynamics, NT-proBNP, no mortality

Taboada D, et al ERJ 2014, Wiedenroth CB, et al. Pulm Circ  2018

CTED treatment

*5% of PEA





Key-points in CTEPH treatment

• Evidence for excellent long term survival following PEA surgery
• Operability is subjective, but is a key decision as PEA remains the

recommended treatment
• Increased evidence for efficacy and reproducibility of BPA with

reduction in complications in expert centres
• Riociguat approved for inoperable patients and RCT evidence for

benefit of combination therapy with PDE5-i and macitentan
• Some patients will have residual PH, even after effective surgery,

and multimodality therapy will be the future of CTEPH
treatment




