
Can Respir J Vol 17 No 6 November/December 2010 301

Diagnostic evaluation and management of chronic 
thromboembolic pulmonary hypertension:  

A clinical practice guideline
Sanjay Mehta MDCM FRCPC FCCP1, Doug Helmersen MD FRCPC2, Steeve Provencher MD MSc FRCPC3,  

Naushad Hirani MD FRCPC2, Fraser D Rubens MD MSc FRCSC4, Marc De Perrot MD MSc5, Mark Blostein MD FRCPC6,  
Kim Boutet MD FRCPC7, George Chandy MD MSc FRCPC8, Carole Dennie MD FRCPC9, John Granton MD FRCPC10,  

Paul Hernandez MDCM FRCPC11, Andrew M Hirsch MD FRCPC12, Karen Laframboise MD FRCPC13, Robert D Levy MD FRCPC14, 
Dale Lien MD FRCPC15, Simon Martel MD FRCPC3, Gerard Shoemaker MD FRCPC1, John Swiston MD MPH FRCPC14,  

Justin Weinkauf MD FRCPC15; for the Canadian Thoracic Society Pulmonary Vascular Disease – CTEPH CPG 
Development Committee, and the Canadian Thoracic Society Canadian Respiratory Guidelines Committee

1Southwest Ontario Pulmonary Hypertension Clinic, London Health Sciences Centre, Schulich School of Medicine & Dentistry, University of 
Western Ontario, London, Ontario; 2University of Calgary Pulmonary Hypertension Clinic, Division of Respiratory Medicine, Peter Lougheed 
Hospital, Calgary, Alberta; 3Pulmonary Hypertension Program, Institut Universitaire de Cardiologie et de Pneumologie de Québec,  
Université Laval, Québec, Québec; 4University of Ottawa Heart Institute, Division of Cardiac Surgery, University of Ottawa, Ottawa; 
5Toronto Pulmonary Endarterectomy Program, University of Toronto, Division of Thoracic Surgery, Toronto General Hospital, Toronto, 
Ontario; 6Division of Hematology, Department of Medicine, Sir Mortimer B Davis Jewish General Hospital, McGill University, Montréal; 
7Centre for Pulmonary Vascular Disease, Sir Mortimer B Davis Jewish General Hospital, McGill University, and Sacré-Coeur Hospital 
Respiratory Division, Centre Hospitalier Universitaire de Montreal, Montréal, Québec; 8University of Ottawa Heart Institute Pulmonary 
Hypertension Clinic, Respirology Division, The Ottawa Hospital, University of Ottawa, Ottawa; 9Thoracic and Cardiac Imaging Sections,  
The Ottawa Hospital, Cardiac Radiology, University of Ottawa Heart Institute, University of Ottawa, Ottawa; 10University Health Network 
Pulmonary Hypertension Program, Faculty of Medicine, University of Toronto, Division of Respirology, Toronto, Ontario; 11Pulmonary 
Hypertension Clinic, Respirology Division, Department of Medicine, QEII Health Sciences Centre, Dalhousie University, Halifax, Nova Scotia; 
12Center for Pulmonary Vascular Disease, Sir Mortimer B Davis Jewish General Hospital, McGill University, Montréal, Québec; 13Division of 
Respirology, Critical Care and Sleep Medicine, University of Saskatchewan, Saskatoon, Saskatchewan; 14Pulmonary Hypertension Program, 
Respirology Division, Vancouver General Hospital, Department of Medicine, University of British Columbia, Vancouver, British Columbia; 
15University of Alberta Pulmonary Hypertension Clinic, University of Alberta, Edmonton, Alberta

Correspondence: Dr Sanjay Mehta, Southwest Ontario Pulmonary Hypertension Clinic, Division of Respirology, London Health Sciences Centre – 
Victoria Hospital, Professional Building E1.325, 800 Commissioner’s Road East, London, Ontario N6A 5W9. Telephone 519-667-6723,  
fax 519-685-8406, e-mail sanjay.mehta@lhsc.on.ca

Reprint requests: Ms Candice Brown, Canadian Thoracic Society, The Lung Association – National Office, 300 – 1750 Courtwood Crescent, 
Ottawa, Ontario K2C 2B5. Telephone 613-569-6411 ext 228, fax 613-569-8860, e-mail cbrown@lung.ca

speciAl Article

©2010 Pulsus Group Inc. All rights reserved

S Mehta, D Helmersen, S Provencher, et al; for the Canadian 
Thoracic Society Pulmonary Vascular Disease – CTEPH CPG 
Development Committee, and the Canadian Thoracic Society 
Canadian Respiratory Guidelines Committee. Diagnostic evaluation 
and management of chronic thromboembolic pulmonary 
hypertension: A clinical practice guideline. Can Respir J 
2010;17(6):301-334.

BACkGRounD: Pulmonary embolism is a common condition. Some 
patients subsequently develop chronic thromboembolic pulmonary hyper-
tension (CTEPH). Many care gaps exist in the diagnosis and management 
of CTEPH patients including lack of awareness, incomplete diagnostic 
assessment, and inconsistent use of surgical and medical therapies.
METHoDS: A representative interdisciplinary panel of medical experts 
undertook a formal clinical practice guideline development process. A 
total of 20 key clinical issues were defined according to the patient popula-
tion, intervention, comparator, outcome (PICO) approach. The panel 
performed an evidence-based, systematic, literature review, assessed and 
graded the relevant evidence, and made 26 recommendations.
RESulTS: Asymptomatic patients postpulmonary embolism should not 
be screened for CTEPH. In patients with pulmonary hypertension, the pos-
sibility of CTEPH should be routinely evaluated with initial ventilation/
perfusion lung scanning, not computed tomography angiography. Pulmonary 
endarterectomy surgery is the treatment of choice in patients with surgically 
accessible CTEPH, and may also be effective in CTEPH patients with dis-
ease in more ‘distal’ pulmonary arteries. The anatomical extent of CTEPH 
for surgical pulmonary endarterectomy is best assessed by contrast pulmonary 
angiography, although positive computed tomography angiography may be 
acceptable. Novel medications indicated for the treatment of pulmonary 
hypertension may be effective for selected CTEPH patients.

ConCluSionS: The present guideline requires formal dissemination to 
relevant target user groups, the development of tools for implementation 
into routine clinical practice and formal evaluation of the impact of the 
guideline on the quality of care of CTEPH patients. Moreover, the guide-
line will be updated periodically to reflect new evidence or clinical 
approaches.

key Words: Chronic thromboembolic pulmonary hypertension; 
Clinical practice guideline; Pulmonary endarterectomy; Pulmonary 
hypertension; Thromboembolism

l’évaluation diagnostique et la prise en charge de 
l’hypertension pulmonaire thromboembolique :  
Des lignes directrices pour la pratique clinique

HiSToRiQuE : L’embolie pulmonaire est un trouble courant. Certains 
patients se mettent ensuite à faire de l’hypertension pulmonaire 
thromboembolique chronique (HPTEC). Il existe de nombreuses lacunes 
dans le diagnostic et la prise en charge des patients atteints d’HPTEC, y 
compris l’absence de sensibilisation, le diagnostic incomplet et le recours 
erratique aux thérapies chirurgicales et médicales.
MÉTHoDoloGiE : Un groupe interdisciplinaire représentatif d’experts 
médicaux a entrepris un processus officiel d’élaboration de lignes directrices 
pour la pratique clinique. Au total, ce groupe a défini 20 enjeux cliniques 
clés selon la population de patients, l’intervention, le comparateur et les 
issues (approche PICO). Le groupe a procédé à une analyse bibliographique 
probante et systématique, évalué et coté les données probantes pertinentes 
et fait 26 recommandations.
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RÉSulTATS : Les patients asymptomatiques après une embolie 
pulmonaire ne devraient pas subir un dépistage d’HPTEC. Chez les 
patients atteints d’hypertension pulmonaire, il faudrait évaluer 
systématiquement la possibilité d’HPTEC par scintigraphie pulmonaire 
initiale de ventilation et de perfusion plutôt que par angiographie par 
tomodensitométrie. L’endartériectomie pulmonaire est le traitement de 
choix chez les patients dont l’HPTEC est chirurgicalement accessible et 
peut également être efficace chez les patients atteints d’HPTEC qui 
touche les artères pulmonaires plus « distales ». En prévision de 
l’endartériectomie pulmonaire, l’étendue anatomique de l’HPTEC est 
mieux évaluée par angiographie pulmonaire de contraste, mais 

l’angiographie par tomodensitométrie positive peut être acceptable. De 
nouveaux médicaments indiqués pour traiter l’hypertension pulmonaire 
peuvent être efficaces pour des patients sélectionnés atteints 
d’HPTEC.
ConCluSionS : Les présentes lignes directrices doivent être diffusées 
officiellement aux groupes d’utilisateurs ciblés pertinents, doivent s’associer 
à la mise au point d’outils qui seront adoptés en pratique clinique et 
doivent faire l’objet d’une évaluation officielle de leurs répercussions sur la 
qualité des soins aux patients atteints d’HPTEC. De plus, ces lignes 
directrices seront mises à jour périodiquement pour refléter les nouvelles 
données probantes ou approches cliniques.

TABlE oF ConTEnTS

SECTion i: inTRoDuCTion

A. Chronic thromboembolic pulmonary hypertension
B. Objective/scope
C. Target patient population
D. Target users
E. Methodology

SECTion ii: EPiDEMioloGY oF CTEPH

A. Introduction
B. Epidemiology of CTEPH
C. Clinical risk factors for CTEPH

SECTion iii: DiAGnoSiS oF CTEPH

A. Introduction
B. Early detection of CTEPH in patients with acute 

pulmonary thromboembolism
1. Screening for CTEPH in asymptomatic patients with 

acute pulmonary thromboembolism
C. Assessment of the presence of CTEPH in patients with PH

1. Nuclear V/Q lung scanning versus CT pulmonary 
angiography to rule out CTEPH

2. Nuclear V/Q lung scanning to assess surgical 
accessibility of CTEPH

3. CT or MR pulmonary angiography versus conventional 
pulmonary angiography to assess surgical accessibility of 
CTEPH

SECTion iV: MEDiCAl AnD SuRGiCAl 
MAnAGEMEnT oF CTEPH

A. General medical management of CTEPH patients
1. Chronic anticoagulation
2. CCB therapy

3. Digoxin therapy
4. Supplemental nocturnal/exertional oxygen
5. Cardiopulmonary exercise rehabilitation
6. Use of IVC filters

B. Management of CTEPH patients pre-PEA
1. Introduction
2. Parenteral prostanoid therapy in CTEPH patients  

pre-PEA
3. Oral PH-specific medical therapy in CTEPH patients 

pre-PEA

C. PEA in CTEPH patients
1. Introduction
2. PEA in patients with surgically accessible CTEPH
3. PEA in patients with distal CTEPH
4. Post-PEA long-term follow-up in a PH centre
5. PH-specific medical therapy in CTEPH patients with 

residual PH post-PEA

D. Management of CTEPH patients not eligible for PEA
1. Introduction
2. PH-specific medical therapy in patients with inoperable 

CTEPH
3. Combination PH-specific medical therapy in CTEPH 

patients
4. Balloon angioplasty in CTEPH patients

E. Consideration of transplantation in CTEPH patients
1. Referral of CTEPH patients for lung transplantation

SECTion V: DiAGnoSiS AnD MAnAGEMEnT oF 
CTEPH: SuMMARY oF RECoMMEnDATionS
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SECTion i: inTRoDuCTion
A. Chronic thromboembolic pulmonary hypertension
Pulmonary hypertension (PH) is a serious condition of the 
pulmonary blood vessels characterized by increased pulmon-
ary arterial pressure (PAP), and is often associated with pro-
gressive right ventricular (RV) failure and a high risk of 
death. PH is increasingly recognized as an important cause of 
dyspnea and exercise limitation in many patients. As per the 
current WHO PH classification system – revised at Dana 
Point, California (USA) in 2008 (Table 1) – PH can be asso-
ciated with underlying disorders of the heart (eg, systolic left 
ventricular [LV] failure) and lungs (eg, chronic obstructive 
pulmonary disease [COPD]), or be due to intrinsic disease of 
the small pulmonary arteries, known as pulmonary arterial 
hypertension (PAH).

A very important and common cause of PH is chronic 
thromboembolic PH (CTEPH). CTEPH is a result of pul-
monary vascular obstruction characterized by recurrent, 
unresolved pulmonary emboli (PE) and/or progressive pul-
monary vascular thrombosis and scarring. In the present 
document, CTEPH is defined as follows:
1. A mean PAP (mPAP) of 25 mmHg or greater and 

pulmonary vascular resistance (PVR) of 3 Wood units 
(240 dyne•s/cm5)or greater.

2. Persistent angiographic pulmonary arterial thrombotic 
obstruction despite at least three months of effective, 
uninterrupted anticoagulation.
Clinical recognition and management of CTEPH are 

important for several reasons. First, CTEPH is believed to be 
one of the most common causes of PH. Second, CTEPH is a 
serious, progressive and often fatal disease. Patients with 
untreated CTEPH experience significantly increased mortal-
ity – observational studies (1,2) have estimated the median 
survival rate in severe CTEPH patients to be as low as 10% to 
20% at two to three years. Third, CTEPH is potentially cur-
able with pulmonary endarterectomy (PEA) surgery. Finally, 
CTEPH patients may also benefit from treatment with novel 
PH-specific medications that are currently available for 
patients with other types of PH such as PAH.
key clinical care gap: What is the best evidence-based 
approach to the diagnostic evaluation and management of 
patients with CTEPH?

B. objective/scope
The overall objective of the present clinical practice guide-
line (CPG) is to inform and provide evidence-based recom-
mendations for the diagnostic evaluation, and surgical and 
medical management of patients with CTEPH.

The document was developed specifically for physicians 
and health care teams involved in the clinical care of patients 
with CTEPH. A CTEPH CPG is needed to ensure con-
sistency of best practice, to identify systematic gaps in care, 
and to provide direction for future research in diagnosis and 
management.

As such, the scope of the present CPG encompasses the fol-
lowing: the diagnostic approach to CTEPH in patients with a 
history of PE or who present with PH; surgical management such 
as balloon angioplasty, PEA surgery and lung transplantation; 
and the medical management of CTEPH patients including the 
consideration of supplemental oxygen, digoxin, anticoagulation 

and the use of novel PH-specific medications. The current docu-
ment does not address the health economics of the management 
of CTEPH, nor does it cover the clinical management of patients 
with acute PE or PH due to causes other than CTEPH. The 
CPG also does not serve as a technical guide to PEA or the 
perioperative care of CTEPH patients.

Since 2001, several American, Canadian and European 
medical societies have developed guidelines for the diagnosis 
and management of PH (3-8). The present CPG is intended 
to complement other published PH guidelines, with specific 
emphasis on patients with CTEPH and clinical practice in 
Canada.

C. Target patient population
The current CPG applies to adult individuals with CTEPH – 
a  common and clinically important cause of PH that is char-
acterized by recurrent, unresolved PE and/or progressive 
pulmonary thrombosis and scarring.

D. Target users
The present CPG is intended for use by health care teams 
that care for individuals with venous thromboembolic dis-
ease, PH and CTEPH. Specifically, family practitioners and 
specialist physicians (respirologists, cardiologists, hematolo-
gists, internists, cardiac and thoracic surgeons, and radiolo-
gists), and other health care professionals who currently care 
for patients with deep vein thrombosis (DVT)/PE, PH and/or 
CTEPH can use these guidelines to help improve their clin-
ical practice.

The CPG is also intended to support advocacy on behalf of 
access to optimal health care for patients with PH, and to 
help health care institutions in planning and delivering opti-
mal care for patients with CTEPH.

E. Methodology
Guideline development process: The Canadian Thoracic Society 
Pulmonary Vascular Disease – CTEPH CPG Development 

TablE 1
WHO clinical classification of pulmonary hypertension 
(Dana Point, USa [revision, 2008]) 

1. Pulmonary arterial hypertension 
1.1. Idiopathic
1.2. Heritable 
1.3. Drug and toxin induced
1.4. Associated pulmonary arterial hypertension: 

includes connective tissue diseases, HIV infection, portal 
hypertension, congenital heart diseases, schistosomiasis and 
chronic hemolytic anemia

1.5. Persistent pulmonary hypertension of the newborn
1′.	Pulmonary	veno-occlusive	disease	and/or	pulmonary	capillary	

hemangiomatosis
2. Pulmonary hypertension owing to left heart disease  

including systolic or diastolic left ventricular dysfunction, and valvular 
disease

3. Pulmonary hypertension owing to lung diseases and/or hypoxia:  
includes chronic obstructive pulmonary disease, interstitial lung disease, 
sleep-disordered	breathing	and	other	conditions

4. Chronic thromboembolic pulmonary hypertension
5. Pulmonary hypertension with unclear or multifactorial mechanisms: 

includes myeloproliferative disorders, splenectomy, sarcoidosis, 
fibrosing mediastinitis and other conditions

Data from reference 175
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Committee comprised individuals with content expertise in each 
of the topic areas from all of the following proposed relevant disci-
plines: respirology, cardiology, cardiac and thoracic surgery, radiol-
ogy and hematology. Regular consultation was provided by a 
research coordinator, a consulting methodologist and a librarian. 
Through a series of Internet conference and face-to-face meetings 
beginning in January 2009, CTEPH was agreed on as the topic of 
this, the first Canadian PH-specific CPG. This was based on a 
perceived systematic care gap regarding clinical recognition of 
CTEPH, the rational use of diagnostic testing and the appropriate 
consideration of potentially curative management through PEA 
surgery. Based on extensive discussions, a series of clinically 
important and actionable questions were developed in accordance 
with a ‘PICO’ process, taking into consideration the Patient 
population(s), Intervention(s), Comparator(s) and Outcome(s). 
This template was further used to frame the search strategy given 
the inclusion and exclusion criteria desired.

The individual clinical questions selected for systematic 
review and formulation of recommendations were believed to 
represent clinically important issues currently facing clin-
icians caring for CTEPH patients. Questions and the search 
strategy were formulated to assess the potential impact of 
diagnostic and treatment approaches on a range of important 
outcomes. These included cardiopulmonary hemodynamic 
parameters (PAP, PVR, cardiac output/index [CO/CI], right 
atrial pressure and RV size/function), as assessed either 
through pulmonary artery catheterization, echocardiography, 
radionuclide or magnetic resonance (MR) cardiac imaging, 
plasma levels of brain natriuretic peptide (BNP) and the 
N-terminal pro-BNP (NTpro-BNP), and clinical outcomes 
(symptoms, WHO functional class, health-related quality of 
life [HRQoL] scores, ability to return to work, functional/
exercise capacity [6 min walk test distance (6MWD) and 
cardiopulmonary exercise testing], rates of hospitalization, 
recurrent or progressive pulmonary thromboembolism, and 
survival). Questions possibly leading to important avenues of 
future research were also considered.
literature search: In January 2009, the key published litera-
ture databases (PUBMED, EMBASE, Cochrane Library, 
Canadian Medical Association InfoBase and the National 
Guideline Clearinghouse) were searched for relevant original 
articles published from 1960 through October 2008, that 
addressed any of the proposed clinical questions in any of the 
following areas: the epidemiology of CTEPH and risk factors 
for development of CTEPH; the diagnostic approach to 
define the presence, extent and severity of CTEPH; or the 
medical or surgical management of CTEPH (See Appendix 1 
for search strategy).
Study selection criteria: Following completion of the litera-
ture search, titles and abstracts were reviewed for relevance to 
CTEPH, and appropriate full-text articles were retrieved and 
reviewed in detail (Figure 1). Animal studies, pathology or 
other preclinical studies, clinical images, isolated hemo-
dynamic reports, letters, editorials, duplicate publications 
without original data, reviews, studies published in a language 
other than English or French, and studies of uniquely pediat-
ric populations were excluded. Articles were selected for 
inclusion in the systematic evidence review if they reported 
original data that addressed CTEPH epidemiology, diagnosis 
or treatment.

Critical appraisal of identified studies: Data from all articles 
relevant to each PICO question were abstracted into tables by 
a panel member. During discussion of each question, the data 
were reviewed by the panel, and evidence addressing each 
clinical question was assessed according to components of 
the Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) criteria (9) (Table 2). In des-
cending order of preference, the following minimum levels 
of evidence needed to inform the clinical questions were 
the following: evidence-based CPGs, systematic reviews, 
randomized controlled trials (RCTs), meta-analyses, non-
randomized comparative studies, prospective or retrospective 
single-cohort case series, and case reports.

Initial review of the available body of evidence on the 
epidemiology, diagnosis or management of CTEPH indicated 
an overall low quality of data, given the few RCTs or large 
case-control studies, and a preponderance of small, open-
label, uncontrolled studies. Therefore, no formal pooling of 
the data was performed, and overall ORs for risk or benefit 
were not calculated.
Synthesis of evidence-based clinical judgment of risk versus 
clinical benefit: For each clinical question, the panel first 
considered the strength and directness of the published evi-
dence supporting an intervention or treatment approach. 
Individual members were then invited to share their personal 
experiences with an intervention or treatment in CTEPH 
patients. Finally, the panel extensively discussed the potential 
health benefit of an intervention or treatment to an individ-
ual CTEPH patient, the overall impact on the population 
burden of morbidity and mortality of CTEPH, and issues of 
risk, burden on a patient to adhere, and cost effectiveness of 
an intervention or treatment. These discussions and the 
resulting synthesis of clinical judgment are presented, in 
brief, for each recommendation below.
Formulation of recommendations: Following the open and 
extensive discussions for each question, a draft recommen-
dation was proposed, discussed and revised. The strength of 
the recommendation was based on consideration both of the 
GRADE quality of the evidence, and the expert panel’s syn-
thesis of clinical judgment (Table 2). The recommendation 
consensus process was open and used a six-point voting scale 
(Table 3), whereby it was defined a priori that a recommenda-
tion would only be accepted if each panel member voted for 
option 1, 2 or 3. In the event of a failure to reach unanimity 
of votes for these first three options, another period of discus-
sion ensued, whereby dissenting opinions were heard and 
considered. The recommendation was revised and followed 
by a second round of voting using a three-point scale, for 
which acceptance of a recommendation required unanimity 
for option 1 or 2. Through this process, all recommendations 
achieved acceptance, with a second round of voting required 
for only one recommendation.
Canadian Thoracic Society CTEPH CPG document: The 
draft CTEPH guideline was circulated to CPG methodolo-
gists, and PH and CTEPH content experts in Canada and 
internationally, to obtain feedback on the collection, inter-
pretation and grading of the evidence, and on the develop-
ment and content of the recommendations.

Relevant medical health care associations includ-
ing the Canadian Association of Thoracic Surgeons, and 
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the Canadian Association of Radiologists and Thrombosis 
Interest Group of Canada were invited to review and endorse 
the document. Moreover, the document was reviewed by 
Pulmonary Hypertension Association Canada – a Canadian, 
national PH patient support group – and revised after con-
sideration of patients’ views and preferences.

The living guideline/future updates: The literature will be 
reviewed periodically, and the Canadian Thoroacic Society 
(CTS) CTEPH CPG will be continuously updated electron-
ically and in print on a regular basis as new or compelling 
evidence is identified. The first proposed update is scheduled 
for 2011.

Figure 1) Study selection process flow diagram. CTEPH Chronic thromboembolic pulmonary hypertension; PH Pulmonary hypertension

TablE 2
Grading of Recommendations assessment, Development and Evaluation (GRaDE): Strength of evidence and grading of 
recommendations
Quality of evidence

   Grade A Well-designed,	randomized	controlled	trials	with	consistent	and	directly	applicable	results

   Grade B Randomized	trials	with	limitations	including	inconsistent	results	or	major	methodological	weaknesses

   Grade C Observational	studies,	and	from	generalization	from	randomized	trials	in	one	group	of	patients	to	a	different	group	of	patients

Strength of recommendations

   Grade 1 Strong recommendation, with desirable effects clearly outweighing undesirable effects (or vice versa)  
Wording of recommendation: We recommend that…..

   Grade 2 Weak	recommendation,	with	desirable	effects	closely	balanced	with	undesirable	effects	 
Wording of recommendation: We suggest that…..

When there is insufficient  
evidence or no consensus

Wording of recommendation: There was no consensus on a recommendation for or against …

Adapted from reference 9
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SECTion ii: EPiDEMioloGY oF CTEPH
A. introduction
An appreciation of the epidemiology of CTEPH and the clin-
ical risk factors for the development of CTEPH is important 
for the clinical assessment of a patient with suspected 
CTEPH. Moreover, there are important knowledge gaps in 
our understanding of CTEPH epidemiology. Therefore, simi-
lar to the subsequent sections on diagnosis and treatment of 
CTEPH, this section was included in the systematic literature 
review and synthesis of the evidence. However, this informa-
tion does not necessarily apply in the clinical approach to the 
diagnosis and treatment of CTEPH in an individual patient, 
and does not translate into simple, actionable recommenda-
tions to improve clinical care of CTEPH patients.

As such, no formal recommendations were developed in 
this section. However, the results of the systematic literature 
review are presented as important background material on 
the epidemiology and clinical risk factors for the develop-
ment of CTEPH.

B. Epidemiology of CTEPH
There is compelling evidence supporting the concept of PE – 
overt or occult – triggering a cascade of events that may 
eventually result in CTEPH. PE is a common condition, 
with an annual incidence estimated to be 20 per 100,000 to 
70 per 100,000 population, and a per-person lifetime inci-
dence of approximately 5% (10-12). PE is largely con-
sidered by physicians to be an acute and reversible disease. 
Patients are deemed to be ‘cured’ after appropriate anti-
coagulation. However, a recent systematic review (13) docu-
mented significant residual perfusion defects on ventilation/
perfusion (V/Q) scintigraphy or computed tomography 
(CT) angiography in 57% and 52% of patients at six and 11 
months after acute PE, respectively. Prospective echo-
cardiographic studies (14-19) have also documented that 
2% to 44% of patients experience persistent PH and/or RV 
hypokinesis following acute PE, with functional impair-
ment also being common (14). These data suggest that a 
substantial proportion of patients with symptomatic acute 
PE will experience persistent pulmonary vascular sequelae. 
CTEPH represents a severe long-term consequence among 
survivors of acute PE.

Original estimates suggested that 0.1% to 0.5% of patients 
who survive an episode of acute PE develop CTEPH (20,21). 
More recently, prospective observational studies suggest that 
the cumulative incidence of CTEPH may range from 1% to 
4% (Table 4). Although these studies differ significantly in 
terms of study population and design, five larger prospective 
studies (22-27) provided the most robust data regarding the 
incidence of CTEPH after PE. In a single-centre study of 
223 consecutive patients after a first episode of symptomatic 
PE (22), patients with unexplained persistent dyspnea and 
abnormal echocardiography underwent V/Q scintigraphy, 
pulmonary angiography and right heart catheterization. The 
cumulative incidence of symptomatic CTEPH was 1.0% at 
six months, 3.1% at one year and 3.8% at two years. In 
another prospective study (24), a similar diagnostic workup 
for CTEPH was performed in cases of persistent perfusion 
abnormalities on routine V/Q scintigraphy repeated one and 
12 months following symptomatic PE in 320 patients. The 
cumulative incidence of CTEPH was 0.9% to 1.3% at six to 
12 months. The cumulative incidence of CTEPH was 2.7% at 
one year in a prospective study of 110 consecutive patients 
(25) after screening for persistent dyspnea. Given the low 
incidence, the authors suggested that an active search for 
CTEPH was not indicated after acute PE.

Multicentre prospective studies of post-PE cohorts have 
generally yielded lower incidence rates. In a 12-centre study 
of 259 consecutive patients diagnosed with a first episode of 
acute PE in the absence of persistent thrombophilia (23), 
symptomatic CTEPH was only diagnosed in two patients 
(0.8%) at 14 and 22 months after the acute PE. Finally, in a 
large two-centre study of 866 consecutive patients in which 
V/Q scintigraphy, pulmonary angiography and right heart 
catheterization were performed in cases of persistent PH on 
routine echocardiography, 0.5% were found to have CTEPH 
(26,27).

Based on the known incidence of PE (10-12), these esti-
mates would suggest a theoretical annual incidence of 
CTEPH of two to 28 cases per million population. This is 
higher than the one to 1.75 cases per million population 
annual incidence documented in a recent United Kingdom 
registry (28). Similarly, only 73 patients were diagnosed with 
CTEPH over a five-year period in Switzerland (29), repre-
senting 29% of patients diagnosed with PH in participating 
centres.

There is ongoing debate as to whether the findings from 
prospective observational studies represent the true incidence 
of CTEPH. Indeed, the incidence of CTEPH may have been 
underestimated because of the exclusion of patients with pre-
vious venous thromboembolism (VTE) events, thrombophilia 
or other potential causes of PH. Moreover, the significant 
proportion (up to 60%) of CTEPH patients without a previ-
ous episode of clinically apparent acute PE may have been 
missed in these postsymptomatic PE studies (30-32). 
Conversely, in addition to potential lead-time bias, it is pos-
sible that some of the patients had previously unidentified 
CTEPH when they presented with the clinical picture of 
acute PE. Furthermore, prospective observational studies with 
routine screening may lead to detection of early and, occa-
sionally, asymptomatic cases. The clinical consequences of 
these ‘milder’ cases of CTEPH, such as progression to 

TablE 3
Voting scales for assessing consensus on draft 
recommendations
First round of voting Wholeheartedly agree

Agree
Can support
Reservations	–	would	like	more	discussion
Serious concerns – needs more discussion
Cannot	participate	–	block	it

Second round of voting Agree
Can support
Cannot	support	–	block	it

For a recommendation to be approved during the first round of voting, unanim-
ity was required on options 1, 2 or 3. If this was not achieved, additional dis-
cussion and revision of the recommendation ensued, after which the second 
round of voting proceeded, during which unanimity on either option 1 or 2 was 
required for a recommendation to be approved
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symptomatic disease and need for evaluation or treatment, 
are uncertain. The incidence of clinically relevant CTEPH 
may, thus, be lower than the above studies reported. 
Nevertheless, the discrepancy between theoretical estimates 
and the number of patients diagnosed with CTEPH under-
scores the fact that CTEPH is likely to be underdiagnosed.

The time course of development of CTEPH following an 
acute PE event is also a matter of debate. While most cases of 
CTEPH are diagnosed during the first two years following 
acute symptomatic PE (22-26), some patients may present 
many years later (33-35). This ‘late’ clinical worsening after a 
prolonged ‘asymptomatic’ period following an acute PE event 
has been attributed to progressive vasculopathy of distal small 
pulmonary arteries (36,37).

C. Clinical risk factors for CTEPH
Although VTE is a common condition, only a small minority of 
patients who experience an acute PE develop CTEPH (22-27). 
Moreover, in patients diagnosed with CTEPH, only approxi-
mately one-half have experienced a previously documented 
acute VTE event (21,30). Therefore, to better identify 
patients with PE who are more likely to develop CTEPH, 
many studies have assessed potential risk factors for CTEPH 
including demographic factors, specific details of the PE, the 
presence of underlying medical conditions and thrombophilic 
abnormalities (Table 5).
Risk factors for CTEPH at the time of acute PE: Many 
studies have assessed patients at the time of acute PE to iden-
tify risk factors predictive of persistent echocardiographic PH 

TablE 4
Incidence of chronic thromboembolic pulmonary hypertension (CTEPH) following acute pulmonary embolism (PE)
author  
(reference), year n Study population Study design/details Outcomes
Hall et al (176), 

1977
88 Consecutive patients with proven 

massive PE (defined as >50% 
obstruction); treatments: 
embolectomy	(n=33),	streptokinase	
(n=31), anticoagulation alone (n=8)

Prospective,	single-centre	study 
1. Clinical assessment of 56/60 survivors at least 1 year  
    following PE 
2. Investigation according to symptoms, 14 patients  
    underwent RHC

One patient with mild PH  
(RHC sPAP 40 mmHg)  
without pulmonary 
angiographic abnormalities

Ribeiro et al (15), 
1999

78 Consecutive patients with proven 
acute PE; 22% experienced 
previous VTE, 41% were treated 
with thrombolysis

Prospective,	single-centre	study 
1. Scheduled echo over up to one year PH defined as  
    sPAP >30mmHg on echo. Definition of CTEPH not  
    specified

34 of 78 patients (44%) 
experienced persistent PH 
(defined as sPAP >30mmHg); 
3 of 78 (3.8%) underwent PEA

Jerjes-Sanchez	 
et al (177), 2001 

40 Consecutive patients with proven first 
episode of acute massive or 
submassive PE treated with 
streptokinase

Prospective,	single-centre	study	over	7	years 
1. Echo, V/Q scan

0 of 35  survivors (0%) 
developed CTEPH

Pengo et al (22), 
2004

223 Consecutive patients with proven first 
episode of acute PE

Prospective,	single-centre	study;	median	follow-up	94	months 
1. Echo for unexplained dyspnea 
2. V/Q scan, pulmonary angiography and RHC if  
    echo suggested PH; CTEPH defined using  
    pulmonary angiography and RHC mPAP >25 mmHg

7 of 223 patients (3.8%) 
developed CTEPH within  
24 months of acute PE

Becattini et al (24), 
2006

259 Consecutive patients with proven first 
episode of acute PE, 
idiopathic or secondary;  
no persistent thrombophilia  
(cancer	or	major	thrombophilia)

Prospective,	multicentre	study	(12	Italian	centres);	follow-up	
for at least 3 years 
1. Assessment in case of persistent dyspnea; CTEPH  
    defined by V/Q scan, pulmonary angiography and RHC

2 of 259 patients (0.8%) 
developed CTEPH

Miniati et al (23), 
2006

320 Consecutive patients with proven 
acute PE (33% with previous VTE).

Prospective,	single-centre	study 
1. V/Q scan at 1 and 12 months following PE 
2. Echo for persistent defects on V/Q scan 
3. RHC and pulmonary angiography if PH on echo;  
    CTEPH defined by pulmonary angiography and RHC  
    mPAP >25 mmHg

4 of 320 patients (1.4%) 
developed CTEPH within  
12 months of acute PE

Surie et al (25), 
2010

110 Consecutive patients with proven 
acute PE (16% with previous VTE), 
idiopathic or secondary

Prospective,	single-centre	study 
1. Questionnaires sent to patients 2 to 4 years following PE 
2.	Diagnostic	workup	for	persistent	dyspnea	including	 
    history, physical examination echo and V/Q scan 
3. In case of sPAP >40 mmHg and abnormal V/Q:  
    angiography plus RHC

3 of 110 patients (2.7%) 
developed CTEPH at 6 to  
9 months after acute PE

Klok	et	al	(27),	
2010

866 Consecutive patients with proven 
acute PE, idiopathic or secondary

Prospective,	two-centre	study 
1. All patients completed questionnaires and underwent  
    echo 
2. V/Q scan plus RHC if PH on echo CTEPH  
    was defined as mPAP >25 mmHg, normal PCWP and  
    abnormal angiography

4 of 866 patients (0.5%) 
diagnosed with CTEPH 118 to 
466 days after acute PE; 
CTEPH only in patients with 
idiopathic PE

Echo Echocardiography; mPAP Mean pulmonary artery pressure; PCWP Pulmonary capillary wedge pressure; PEA Pulmonary endarterectomy; PH Pulmonary hyper-
tension; RHC Right heart catheterization; sPAP Systolic pulmonary artery pressure; V/Q Ventilation-perfusion; VTE Venous thromboembolism  
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at some point in the future. Age older than 70 years and 
echocardiographic-estimated systolic PAP of greater than 50 
mmHg at the time of acute PE were independently associated 
with a higher risk of persistent PH after one year (15). A 
higher obstruction index on initial V/Q lung scan (24,36) or 
CT pulmonary angiogram (19) also appeared to be associated 
with a higher risk of persistent PH. This, however, was not 
observed in all studies (18).

While thrombolytic therapy is associated with early reso-
lution of clots and improved RV function compared with 
heparin alone (38), the effect of thrombolysis on the subse-
quent risk of persistent PH remains uncertain. Observational 
studies (15,39) have suggested that the treatment received 
during the acute phase of PE had no significant effects on the 
long-term pulmonary hemodynamics. In contrast, one small 
study (40) reported that patients assessed seven years after 
randomization to thrombolysis (n=12) versus control heparin 
(n=11) in the Urokinase PE (41) and Urokinase/streptokin-
ase PE (42) trials, had improved pulmonary hemodynamic 
parameters at rest and during exercise, and experienced less 
functional impairment.

Importantly, persistent PH on echocardiography following 
PE may not necessarily be due to CTEPH. For example, age 
and concomitant congestive heart failure – both associated 
with increases in PAP (43,44) – were related to persistent PH 
in the study by Ribeiro et al (15). Moreover, persistent PH 
was mild to moderate in most of these patients. Among the 

34 of 78 (44%) patients with persistent PH (defined as an 
estimated systolic PAP of greater than 30 mmHg) in this 
study (15), only four patients had a systolic PAP of greater 
than 40 mmHg at one year. Thus, the clinical relevance of 
persistent PH in the absence of clearly defined CTEPH 
remains uncertain.

Fewer studies have assessed variables at the time of acute 
PE that are specifically associated with an increased risk of 
CTEPH (Table 5). Pengo et al (22) identified a history of 
previous PE events, younger age and larger perfusion defect 
at the time of acute PE as risk factors for the development of 
CTEPH. PE that occurred in the absence of either a transient 
or a permanent thrombotic risk factor was also predictive of 
subsequent CTEPH diagnosis. Interestingly, a previous VTE 
and the presence of thrombophilia at the time of PE were 
not associated with subsequent risk of CTEPH in that study. 
Although this was not specifically tested, Miniati et al (23) 
also suggested younger age and a higher initial obstruction 
index at the time of acute PE were risk factors for CTEPH.
Risk factors identified at the time of CTEPH diagnosis: The 
low incidence of CTEPH following acute PE has made identi-
fication of predisposing risk factors difficult in prospective stud-
ies of patients with PE. As such, multiple case series and 
case-control studies have assessed and identified a variety of 
risk factors present at the time of CTEPH diagnosis (Table 5).

It is well accepted that inherited thrombophilias predis-
pose to VTE disease. Moreover, previous VTE is clearly more 

TablE 5
Risk factors for the development of chronic thromboembolic pulmonary hypertension (CTEPH)
Individual risk factors author (reference), year 
Risk	factors	present	at	the	time	of	acute	pulmonary	embolism	diagnosis

Younger age Pengo et al (22), 2004; Becattini et al (24), 2006
Previous pulmonary embolism Pengo et al (22), 2004
Idiopathic pulmonary embolism (absence of either transient or 
permanent	risk	factors*)

Pengo et al (22), 2004

Large perfusion defects Pengo et al (22), 2004; Becattini et al (24), 2006
Recurrent pulmonary embolism Pengo et al (22), 2004

Risks	factors	observed	at	the	time	of	CTEPH	diagnosis
Demographic

Female sex in Japanese population Tanabe	et	al	(48),	2005;	Nakamura	et	al	(47),	2002
Non-O	blood	group Bonderman et al (32), 2009

Thrombophilias
Antiphospholipid antibodies Bonderman et al (32), 2009; Wolf et al (46), 2000; Tanabe et al (48), 2005; 

Nakamura	et	al	(47),	2002;	Colorio	et	al	(52),	2001;	Bonderman	et	al	(67),	2007; 
Jais	et	al	(55),	2005,	Martinuzzo	et	al	(56),	1998

Factor V Leiden mutation† Lang et al (50), 1996, Wolf et al (46), 2000
Hemoglobin abnormalities Bonderman et al (32), 2009; Bonderman et al (72), 2005
Increased factor VIII level Wong et al (51), 2010; Bonderman et al (54), 2003
Increased plasma lipoprotein (a) level Ignatescu et al (59), 1998 

Disease associations
Splenectomy Condliffe et al (31), 2009; Bonderman et al (32), 2009; Suntharalingam et al (45), 2007; 

Bonderman et al (67), 2007; Jais et al (55), 2005; Jais et al (68), 2003;  
Chou et al (69), 2001; Cappellini et al (70), 2000; Stewart et al (71), 1996; 
Bonderman et al (72), 2005

Ventriculoatrial shunt Bonderman et al (32), 2009; Bonderman et al (72), 2005
Thyroid replacement therapy Bonderman et al (32), 2009
Inflammatory disorder (eg, osteomyelitis, inflammatory bowel disease) Bonderman et al (72), 2005

*Permanent risk factor defined as constitutive thrombophilia (deficiency of antithrombin, protein C or protein S; mutation in factor V Leiden or prothrombin gene; and the 
presence of lupus anticoagulants), active cancer, immobilization from chronic medical illness, or two or more first-degree relatives with venous thromboembolism. †This 
is controversial: the prevalence of factor V Leiden mutations was higher than in patients with idiopathic pulmonary arterial hypertension or healthy subjects (46). 
However, in another study (50), the prevalence of factor V Leiden in CTEPH was found to be comparable with the general population
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common in CTEPH patients versus patients with other types 
of PH (32,45,46). However, many case series (33,46-48) 
have confirmed that most patients with CTEPH do not suffer 
from the common inherited thrombophilias. For example, 
in a study of 147 consecutive patients with CTEPH (46), 
the prevalence of most common hereditary thrombotic risk 
factors was similar to that in idiopathic PAH patients and 
healthy subjects, although the prevalence of factor V Leiden 
was higher. Another case series of 20 patients with CTEPH 
(50) found a similar low prevalence (5%) of factor V Leiden 
mutations (49), which is comparable with the prevalence in 
the general population. Moreover, the prevalence of factor V 
Leiden does not appear to be higher in CTEPH patients than 
in patients with previous VTE (51).

Antiphospholipid antibodies (APLA) have been docu-
mented in a significant proportion of CTEPH patients 
(47,48,52-55) and in several studies (32,46,56) more fre-
quently than in patients with other forms of PH or healthy 
subjects (46). Moreover, CTEPH patients were more likely to 
have higher titres of APLA (46). In contrast, one large obser-
vational study (51) found that the prevalence of APLA in 
CTEPH patients was similar to patients with other types of 
PH. Levels of factor VIII and von Willebrand factor were also 
reported to be higher in CTEPH than in PAH patients or 
healthy subjects (51,54). Non-O-type blood groups, which 
are associated with higher levels of plasma factor VIII and 
von Willebrand Factor than blood group O (57,58), are more 
common in CTEPH patients (32,54). Plasma lipoprotein (a) 
levels have also been shown to be higher in CTEPH patients 
than in PAH patients and healthy subjects (59).

There is evidence that fibrinolysis may also be impaired in 
CTEPH patients. Studies in healthy subjects (60) docu-
mented an enhanced fibrinolytic potential in the pulmonary 
artery compared with the aorta under normal physiological 
conditions. In CTEPH, increased expression of factor VIII 
and plasminogen activation inhibitor (PAI)-1 (an inhibitor 
of fibrinolysis) on the surface of neovessels within nonresolv-
ing pulmonary thromboemboli have been observed, which 
may favour in situ thrombosis (61). Despite the fact that the 
balance between levels of plasma tissue plasminogen activa-
tor and PAI-1 in patients with CTEPH appears to be normal 
in some studies (61-63), some recent studies (64-66) suggest 
that the fibrin clot of CTEPH patients is relatively resistant 
to plasmin-mediated lysis, possibly due to alterations in fib-
rinogen structure. The conflicting nature of contemporary 
data preclude drawing conclusions about the relative roles of 
traditional inherited thrombophilias or defective fibrinolysis 
in the development of CTEPH.

Several case series (31,67-71) and large case-control stud-
ies (32,45,55,72) have documented a link between CTEPH 
and previous splenectomy, and whether they are related to 
hemolytic anemia, myeloproliferative disease or trauma 
(31,68,72). Importantly, the majority of patients who under-
went previous splenectomy had inoperable CTEPH (31,45,67). 
Other reported risk factors include chronic inflammatory 
disorders such as osteomyelitis and inflammatory bowel dis-
ease (72), an infected pacemaker (32) and ventriculoatrial 
shunts (32,72). One case-control study (32) also documented 
that chronic venous ulcers, malignancy, myeloproliferative 
syndromes, thyroid hormone replacement therapy and 

hemoglobin abnormalities were more frequent in CTEPH 
patients than in patients with other types of PH. Other rare 
combined coagulation defects, sickle cell disease, heredi-
tary stomatocytosis and Klippel-Trénaunay syndrome have 
also been described in association with CTEPH in small 
case series (30).

There is also evidence that an underlying genetic predis-
position may be involved in the pathogenesis of CTEPH. For 
example, there are ethnic differences in the demographics of 
CTEPH patients (a 2:1 female to male ratio has been reported 
in Japan [47,48] compared with the 1:1 ratio reported in 
Europe [32,45,46,72]). Moreover, specific human leukocyte 
antigen subtypes are associated with CTEPH in Japan 
(48,73). Of note, CTEPH has not been found to be associated 
with mutations in BMPR2, the gene locus implicated in her-
editary PAH, and in some sporadic cases of idiopathic PAH 
(45).

Underlying demographic, clinical and thrombosis-specific 
factors that influence the risk of developing CTEPH still 
need to be clarified. Although recent studies have improved 
our understanding of CTEPH in terms of its natural history 
and risk factors, further research will be required to define the 
complete epidemiology of CTEPH.

SECTion iii: DiAGnoSiS oF CTEPH
A. introduction
importance and rationale of diagnosis of CTEPH: As men-
tioned, CTEPH is a common cause of PH that may affect up 
to 4% of patients following acute, symptomatic PE, and is 
associated with a significant mortality rate, with a median 
two- to three-year survival rate of as low as 10% to 20% in 
untreated patients with severe CTEPH (1,2). Thus, an 
important focus of the management of CTEPH is the early 
and accurate diagnosis of CTEPH in patients who are at risk 
either following an acute PE or who present with clinical 
features of PH.

In patients who experience acute symptomatic PE, ongoing 
symptoms of dyspnea or chest pain are common, and may 
identify patients at risk for CTEPH. Moreover, persistent 
pulmonary vascular perfusion defects are also common, being 
present in 73 (29%) of 254 patients after acute PE at a median 
follow-up period of 12 months, and are associated with a 
greater prevalence of persistent symptoms, worse exercise 
capacity and higher systolic PAP (74). Therefore, there may 
be benefit to routine clinical and imaging follow-up of 
patients following PE to diagnose CTEPH earlier, or to iden-
tify patients at increased risk of developing CTEPH. It is 
important to recognize that a historical diagnosis of an acute 
VTE event lacks adequate sensitivity, and is not required to 
consider the diagnosis of CTEPH because many patients with 
CTEPH have not experienced a documented DVT or PE 
(72,75).

Similar to patients with PH due to other causes, many 
patients with CTEPH present with clinical features of PH and 
RV failure. Therefore, in the evaluation of a patient with PH, 
it is critical to consider the possible contribution of CTEPH 
because it is a treatable and potentially curable cause of PH 
with PEA surgery.
Approach to diagnosis of CTEPH: The goals of the diagnostic 
approach are to first establish the diagnosis of CTEPH, then to 
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define the extent of disease and distribution of the pulmonary 
arterial occlusion(s) and, together with an evaluation of the 
severity of the PH and other comorbid illnesses, subsequently 
determine eligibility for PEA surgery or medical therapy.

Based on its high sensitivity and negative predictive value 
for excluding the possibility of CTEPH, V/Q nuclear lung 
scanning has been advocated as a first screening test to rule 
out CTEPH. It is mandatory that once the suspicion of 
CTEPH has been confirmed by a positive perfusion scinti-
gram in the presence of PH by echocardiography, the patients 
should be transferred to a CTEPH expert centre for further 
work up. Classic pulmonary angiography has been the gold-
standard test for confirming the diagnosis of CTEPH, and 
guiding the consideration of eligibility for PEA surgery and its 
approach. However, because of the invasive nature and the 
risks, other methods of pulmonary vascular imaging have 
been commonly used in the initial workup for CTEPH. 
Alternative approaches include pulmonary spiral CT angiog-
raphy or MR angiography; however, these have not generally 
replaced conventional pulmonary angiography. It must be 
emphasized that the diagnosis of pulmonary vascular disease, 
with all of the available imaging modalities, depends critic-
ally on the presence of adequate local expertise, which is 
based, in large part, on experience with such cases.

CT pulmonary angiography is used to confirm the pres-
ence of CTEPH and to evaluate the feasibility of PEA surgery 
in patients with CTEPH (76-79). Additionally, CT pulmon-
ary vascular abnormalities may correlate with PEA surgical 
outcomes, and CT may also be useful in identifying other 
parenchymal lung diseases and their severity (80). Aside from 
the characteristic CTEPH imaging features of proximal pul-
monary arterial occlusions and web formations, other CT 
findings that are associated with CTEPH include mosaic per-
fusion abnormalities, pleural-based densities and bronchial 
arterial collaterals (79-83). CT scans may also be helpful in 
excluding other causes of pulmonary artery obstruction such 
as fibrosing mediastinitis, mediastinal tumours or pulmonary 
sarcomas (84).

MR angiographic imaging offers the potential for ‘one-stop 
shopping’ for the evaluation of patients with PH. In addition 
to evaluating for the presence and severity of PH and RV 
failure (85), contrast-enhanced MR angiography can identify 
both acute PE and CTEPH (86,87).

B. Early detection of CTEPH in patients with acute 
pulmonary thromboembolism
1. Screening for CTEPH in asymptomatic patients with  
acute pulmonary thromboembolism
Clinical question: Following an acute VTE event, should 
asymptomatic patients be screened (echocardiography, V/Q, 
CT or MR) to increase the rate of diagnosis of CTEPH or 
improve clinical outcomes of CTEPH patients?
introduction: The majority of patients diagnosed with PE 
experience resolution of their clinical symptoms and normal-
ization of pulmonary hemodynamics with appropriate systemic 
anticoagulant therapy. A small proportion of these patients are 
believed to develop CTEPH, which may result in symptoms of 
dyspnea and exercise limitation. Given the poor prognosis of 
untreated CTEPH and the availability of effective treatment 
approaches, screening for CTEPH in asymptomatic patients 

after an episode of acute pulmonary thromboembolism may 
be of clinical value.
key evidence: No studies that addressed these clinical ques-
tions were identified. Thus, the recommendation informing 
this question is based on the consensus of the expert panel.
Expert panel synthesis of clinical judgment: The panel 
appreciated the lack of any direct evidence to address whether 
screening increases the rate of diagnosis of CTEPH, or results 
in improved CTEPH outcomes. Other relevant factors in 
screening for CTEPH were considered including the high 
likelihood of significant direct benefit to the patient such as 
low overall impact on morbidity and mortality of the popula-
tion, the likely low burden of adherence and minimal adverse 
effects. In addition, the lack of any data addressing cost 
effectiveness was also discussed.

As a result, there was consensus for a weak recommenda-
tion at this time.

Clinical question 
Following an acute VTE event, should asymptomatic 
patients be screened (echocardiography, V/Q, CT or MR) to 
increase the rate of diagnosis of CTEPH or improve clinical 
outcomes of CTEPH patients? 

Recommendations 1 and 2
•	 We	do	not	 suggest	 routine	echocardiographic	 screening	

for CTEPH in asymptomatic patients following an acute 
VTE (grade of recommendation: 2C).  

•	 We	do	not	suggest	routine	follow-up	imaging	(V/Q,	CT	
or MR) as a screening tool for CTEPH in asymptomatic 
patients following an acute VTE event (grade of 
recommendation: 2C).  

Although no cost-effectiveness data are available, it was 
strongly believed that routine echocardiographic screening 
for CTEPH was unlikely to be cost effective. The panel did 
not address the use of imaging modalities (V/Q, CT or MR) 
for clinical indications other than CTEPH screening (eg, to 
establish a baseline before surveillance for recurrent PE).

The panel emphasized that these negative recommenda-
tions do not apply to the following two specific populations:
1. Patients with persistent symptoms of dyspnea, fatigue, 

exercise limitation, dizziness or chest pain following an 
acute VTE event. These patients would merit appropriate 
clinical and diagnostic investigation for many possible 
conditions including CTEPH; and

2. Patients in whom PH is documented at the time of the 
acute VTE event. These patients would merit appropriate 
clinical and diagnostic follow-up to confirm either 
resolution of the acute PH, or to establish the presence of 
persistent PH, which may suggest the presence of CTEPH 
or another cause of significant pulmonary vascular 
disease.

Areas for future research: Given the clinical importance of 
CTEPH and the significant benefits of available treatment 
approaches, research to more effectively identify asymptomatic 
patients with an elevated risk of developing CTEPH would be 
of potential benefit. Moreover, further research will be essen-
tial to supporting both clinical benefit and cost effectiveness of 
screening approaches for CTEPH in asymptomatic patients.
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C. Assessment of the presence of CTEPH in patients with 
PH
1. Nuclear V/Q lung scanning versus CT pulmonary 
angiography to rule out CTEPH
Clinical question: Should nuclear V/Q lung scanning or CT 
pulmonary angiography be used as a screening test to rule out 
CTEPH in patients diagnosed with PH?
introduction: CTEPH is a common and important cause of PH. 
In all patients with PH, the possibility of CTEPH should specif-
ically be considered, and appropriate imaging performed to con-
firm or refute the diagnosis of CTEPH. Although both nuclear 
V/Q lung scanning and spiral CT pulmonary angiography have 
been suggested as possible imaging modalities to screen for the 
presence of CTEPH, it is unclear which imaging approach is 
most effective at ruling out the possibility of CTEPH.
key evidence: One large, single-centre, retrospective survey 
(88) compared the sensitivity of V/Q versus CT pulmon-
ary angiography in excluding a diagnosis of CTEPH in 227 
subjects using conventional pulmonary angiography as the 
gold-standard technique. The presence of significant large-
vessel CTEPH that could be accessible to PEA surgery was 
suspected in 78 subjects. Sixty-one patients had large-vessel 
CTEPH confirmed on pulmonary angiography, while the 
remaining 17 had the diagnosis made in the setting of a 
high clinical probability and another imaging modality. This 
large-vessel CTEPH was detected by V/Q with a sensitivity 
of 97.4%, while CT pulmonary angiography was only 51% 
sensitive. However, because the diagnosis of CTEPH was only 
confirmed by angiography in 61 of 78 subjects, the sensitivity of 
CT angiography may have been underestimated. In the 149 sub-
jects without CTEPH, V/Q had a specificity of 90% and CT 
pulmonary angiography had a specificity of 99% (89).

The recommendation informing this question is based on 
this evidence and the consensus of the expert panel.
Expert panel synthesis of clinical judgment: The panel graded 
the evidence base as weak, but the lower sensitivity of CT pul-
monary angiography for CTEPH was consistent with the clin-
ical experience of panel members. Moreover, the panel 
considered the significant potential for direct health benefit to 
the individual patient in the accurate diagnosis of CTEPH 
including reduced morbidity and mortality, and improved 
HRQoL as well as minimal burden on the patient to adhere, 
with few adverse effects of the recommended approach.

As a result, there was consensus for a strong recommenda-
tion despite the low-grade evidence.

Clinical question 
Should nuclear V/Q lung scanning or CT pulmonary angi-
ography be used as a screening test to rule out CTEPH in 
patients diagnosed with PH?

Recommendation 3
•	 We	 recommend	 nuclear	 V/Q	 lung	 scanning	 instead	 of	

CT pulmonary angiography as a screening test to rule out 
the possibility of CTEPH in patients diagnosed with PH 
(grade of recommendation: 1C). A normal V/Q scan 
effectively rules out the possibility of CTEPH.  

A high-probability V/Q scan is consistent with, but not 
diagnostic of, CTEPH. Indeterminate or nondiagnostic V/Q 

lung scan results are common in patients with PH due to 
other causes such as PAH or pulmonary veno-occlusive dis-
ease, and in patients with underlying pulmonary disease. 
These V/Q scan results would usually require further clinical 
and diagnostic assessment.
Areas for future research: The clinical importance of mild 
abnormalities on V/Q lung scans resulting in low or very low 
probability interpretations, remains uncertain, specifically 
with regard to ruling out CTEPH. Further studies will need 
to define the negative predictive value of such V/Q scan 
results. The panel recognized the potential clinical utility of 
novel CT imaging approaches for the assessment of possible 
CTEPH including newer generation multislice scanners that 
may have improved sensitivity for detecting CTEPH, high-
resolution CT for the identification of parenchymal abnor-
malities, minimum intensity projection imaging to improve 
resolution and quantification of increased total bronchial 
artery cross-sectional area as a dichotomous parameter for the 
presence of CTEPH.

The panel suggested further research because the sensitiv-
ity of these newer imaging modalities in ruling out CTEPH 
has yet to be validated in studies or in clinical experience.

2. Nuclear V/Q lung scanning to assess surgical 
accessibility of CTEPH
Clinical question: Should nuclear V/Q lung scanning be used 
to assess the anatomical extent of potentially surgically 
accessible CTEPH in patients with suspected CTEPH?
introduction: Following a diagnosis of CTEPH, the anatom-
ical extent of CTEPH must be defined to assess the potential 
surgical resectability of the disease and to consider PEA sur-
gery. The usual clinical practice is to assess the anatomical 
extent of CTEPH with conventional contrast pulmonary 
angiography. It is unclear whether nuclear V/Q lung scanning 
can effectively assess the surgical accessibility of CTEPH.
key evidence: No studies have specifically compared V/Q 
lung scan results with any gold standard imaging approach to 
determine the extent of surgically accessible CTEPH.

Thus, the recommendation informing this question is 
based on the consensus of the expert panel.
Expert panel synthesis of clinical judgment: The lack of 
available evidence suporting the use of V/Q lung scanning 
to assess the extent of CTEPH and potential surgical access-
ibility was emphasized. This was also consistent with the 
clinical experience of the panel members who suggested 
that the extent of V/Q scan perfusion defects largely under-
estimates the extent of significant pulmonary arterial 
obstruction. The potential advantages of using V/Q lung 
scanning to both diagnose CTEPH and to define the extent 
of CTEPH were appreciated. These advantages included 
some minimal direct health benefit to the patient in 
reducing the burden of adherence, reducing the morbidity 
and adverse effects related to performing other imaging 
studies, and reducing the cost of investigating these patients. 
However, these benefits were believed to be minor com-
pared with the significant potential harm of not adequately 
characterizing the anatomical extent and surgical accessibil-
ity of CTEPH.

As a result, there was consensus for a strong negative 
recommendation.
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Clinical question 
Should nuclear V/Q lung scanning be used to assess the 
anatomical extent of potentially surgically accessible CTEPH 
in patients with suspected CTEPH? 

Recommendation 4
•	 We	 recommend	 that	 the	 results	 of	 a	 V/Q	 lung	 scan	

should not be used to assess the anatomical extent of 
potentially surgically accessible CTEPH (grade of 
recommendation: 1C).  

3. CT or MR pulmonary angiography versus conventional  
pulmonary angiography to assess surgical accessibility of  
CTEPH
Clinical question: Should CT pulmonary angiography or MR 
pulmonary angiography be used to assess the anatomical 
extent of potentially surgically accessible CTEPH in patients 
with suspected CTEPH?
introduction: Following a diagnosis of CTEPH, the anatom-
ical extent of CTEPH must be defined to assess the potential 
surgical resectability of the disease and to consider PEA sur-
gery. It is unclear whether CT or MR pulmonary angiography 
can effectively assess the surgical accessibility of CTEPH 
compared with the traditional gold-standard test – conven-
tional contrast pulmonary angiography.
key evidence: Only a few studies have addressed this clinical 
question, with conflicting results. An uncontrolled case series 
(90) compared CT angiography with pulmonary angiography 
in 55 CTEPH patients, 40 of whom underwent PEA surgery. 
CT angiography and conventional pulmonary angiography 
were equally accurate in the detection of potentially resect-
able central disease (79% versus 74%, respectively). CT was 
judged more accurate for the detection of segmental vessel 
disease; however, statistical significance was not evaluated.

In this study (90), MR angiography was also performed in 
26 of these CTEPH subjects and found to be less accurate in 
detecting central disease (39% and 46% accuracy for two 
reviewers) than both CT and conventional pulmonary angi-
ography. Another case series (85) compared pulmonary MR 
and digital subtraction angiography (DSA) in 34 CTEPH 
patients undergoing PEA surgery. MR angiography was 
equivalent to DSA for the detection of chronic pulmonary 
vascular thromboembolic disease in main, lobar and seg-
mental pulmonary vessels, but inferior to DSA at the subseg-
mental level (P<0.001). The authors also suggested that MR 
may be superior to DSA for determining the exact central 
beginning of thromboembolic material.

Thus, the recommendation informing this question is based 
on this weak evidence and the consensus of the expert panel.
Expert panel synthesis of clinical judgment: The panel 
emphasized the limited evidence supporting CT and MR 
angiography for defining the anatomical extent of surgically 
accessible CTEPH.

In considering CT angiography, the significant supportive 
clinical experience of panel members was appreciated. The 
panel also considered other factors including the significant 
direct health benefit to the patient such as reduced morbidity 
and improved HRQoL, minimal burden on the patient to 
adhere, few adverse effects of CT angiography and potential 
cost effectiveness.

In considering MR angiography, other factors considered 
included the minimal burden of adherence and adverse 
effects, but also the lack of evidence to suggest any direct 
health benefit to the patient or any impact on morbidity or 
mortality. The panel emphasized the high likelihood of lack 
of cost effectiveness and the limited current access to MR 
technology.

As a result, there was consensus for weak recommendations.

Clinical question 
Should CT pulmonary angiography or MR pulmonary angi-
ography be used to assess the anatomical extent of poten-
tially surgically accessible CTEPH in patients with suspected 
CTEPH?

Recommendations 5 and 6
•	 We	 suggest	 the	 routine	 clinical	 use	 of	 a	 positive	 CT	

pulmonary angiogram to assess the anatomical extent of 
surgically accessible CTEPH (grade of recommendation: 
2C). A negative CT pulmonary angiogram does not 
effectively rule out the presence of surgically accessible 
CTEPH, which is better assessed by contrast pulmonary 
angiography. 

•	 We	 do	 not	 suggest	 the	 routine	 use	 of	 MR	 pulmonary	
angiography in the preoperative assessment of patients 
with CTEPH (grade of recommendation: 2C).  

Evidence of proximal CTEPH on a CT pulmonary angio-
gram may be adequate for consideration of PEA surgery in 
some centres, although conventional pulmonary angiography 
remains the gold standard to assess the anatomical surgical 
extent of CTEPH. Management of such patients requires 
further consideration of conventional pulmonary angiography 
in centres with expertise in the assessment of CTEPH patients 
for PEA surgery.
Areas for future research: Future studies using newer multis-
lice CT scanners may help establish a role for CT pulmonary 
angiography in ruling out CTEPH, or in more effectively defin-
ing the anatomical extent and burden of CTEPH for surgical 
PEA. In addition, ongoing research using existing MR imaging 
modalities and novel approaches, such as the use of hyperpolar-
ized gases, holds promise for the assessment of pulmonary vas-
cular disease including V/Q relationships (91).

SECTion iV: MEDiCAl AnD SuRGiCAl 
MAnAGEMEnT oF CTEPH

A. General medical management of CTEPH patients
Many treatments have been used for CTEPH patients since 
the initial recognition of this condition almost five decades 
previously (92-94). It has become established over recent 
years that PEA surgery is the treatment of choice for CTEPH 
because of significant improvement in the majority of patients 
and the potential of cure in many. In addition, the potential 
benefits of novel, PH-specific medications have been investi-
gated for patients who are either not candidates for PEA or 
experience residual PH following PEA surgery.

General medical ‘supportive’ management of patients with 
CTEPH involves systemic anticoagulation, optimization of 
fluid status with carefully adjusted doses of diuretics and treat-
ment of resting hypoxemia with supplemental oxygen. In 
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selected CTEPH patients, other cardiac medications (eg, 
digoxin and calcium-channel blockers [CCBs]) are occasion-
ally considered, with risks versus benefits carefully weighed. 
CTEPH is often diagnosed in mid to late adulthood, and 
other management interventions not directly related to the 
CTEPH would also maintain general health and may opti-
mize clinical outcomes in this population. These include 
routine vaccination, preventive cancer screening and other 
general health interventions. Despite the importance of these 
general health measures, they were not within the scope of 
the present CPG.

The panel did not specifically address which manage-
ment interventions might be best managed by particular 
members of the health care team (eg, family physician ver-
sus PH specialist versus anticoagulation clinic), but did 
identify this topic as a potential issue for future research. 
The panel also recognized the need for individual phys-
icians, hospitals and PH centres in different Canadian juris-
dictions to customize their approach to these interventions 
based on locally available resources. The committee empha-
sized the importance of a collaborative interprofessional 
team approach among PH specialists, family physicians and 
allied health care providers (where available) in the man-
agement of CTEPH patients.

1. Chronic anticoagulation in CTEPH patients
Clinical question: Should patients with CTEPH be chronic-
ally anticoagulated to reduce the risk of recurrent or progres-
sive pulmonary artery thrombosis and/or worsening PH, or to 
improve clinical outcomes?
introduction: Epidemiological and pathological evidence 
strongly support the central role of initial VTE in the patho-
physiology of CTEPH. Therefore, chronic anticoagulation is 
usually instituted in all CTEPH patients including those who 
do not undergo PEA, and in CTEPH patients before and fol-
lowing PEA surgery. However, the benefits and risks of 
chronic anticoagulation in the long-term management of 
these three subpopulations of CTEPH patients are unclear.
key evidence: No studies that addressed the benefits or risks 
of chronic anticoagulation versus cessation of anticoagulation 
in CTEPH patients were identified. Thus, the recommenda-
tion informing this question is based on the consensus of the 
expert panel.
Expert panel synthesis of clinical judgment: The absence 
of any long-term data supporting chronic anticoagulation in 
patients with CTEPH was appreciated. However, the panel 
was very concerned about recurrent or progressive pulmon-
ary artery thrombosis following discontinuation of anti-
coagulation, and the risk of worsening PH and RV failure in 
the absence of any specific evidence supporting the safety of 
cessation of anticoagulation. Thus, the potential significant 
direct health benefits of chronic anticoagulation in the 
individual CTEPH patient and the potential high impact on 
overall CTEPH morbidity and mortality were emphasized. 
The panel considered other factors including moderate 
adverse effects, an inconclusive cost effectiveness and an 
intermediate burden on the patient to adhere to chronic 
anticoagulation.

As a result, there was consensus for a weak recommenda-
tion in favour of chronic anticoagulation.

Clinical question 
Should patients with CTEPH be chronically anticoagulated 
to reduce the risk of recurrent or progressive pulmonary 
artery thrombosis and/or worsening PH, or to improve clin-
ical outcomes?

Recommendation 7
•	 We	suggest	that	all	CTEPH	patients,	including	patients	

who do not undergo PEA and patients post-PEA surgery, 
be chronically anticoagulated (grade of recommendation: 
2C).  

In the absence of comparative evidence, either chronic oral 
warfarin, or subcutaneous, therapeutic-dose, low-molecular-
weight heparin are acceptable. For oral warfarin, the usual 
clinical therapeutic range of international normalized ratio 
of 2 to 3 may need to be modified based on individual patient 
characteristics such as active bleeding or hypercoagulable state.

The panel emphasized that this recommendation in favour 
of chronic anticoagulation is independent of the presence of 
an inferior vena cava (IVC) filter.
Areas for future research: Although the risks and burden of 
chronic anticoagulation are recognized, there is also a signifi-
cant risk of recurrent VTE disease if anticoagulation is 
stopped. Therefore, future studies would be helpful in defin-
ing the clinical value of chronic anticoagulation in selected 
CTEPH populations, especially after PEA surgery. Moreover, 
the relative benefits of different anticoagulant agents and 
high- versus low-intensity chronic anticoagulation need to be 
studied in CTEPH patients pre- and post-PEA surgery, and in 
patients not undergoing PEA surgery.

2. CCB therapy
Clinical question: Should patients with symptomatic CTEPH 
be treated with high-dose CCBs to improve operability or 
clinical outcomes?
introduction: In selected patients with idiopathic PAH and 
marked acute vasodilator responsiveness, the use of high-dose 
CCB therapy has been shown to be associated with long-term 
hemodynamic, clinical and survival benefit. Some CTEPH 
patients may also demonstrate significant acute pulmonary 
vasodilation during invasive hemodynamic monitoring (95). 
Therefore, CCBs may be of clinical benefit in patients with 
CTEPH.
key evidence: No studies that addressed this clinical ques-
tion were identified. Thus, the recommendation informing 
this question is based on the consensus of the expert panel 
and clinical experience with the use of CCBs in PAH 
patients.
Expert panel synthesis of clinical judgment: The significant 
clinical benefit of high-dose CCBs in a highly selected group of 
acute vasodilator-responsive idiopathic PAH patients was rec-
ognized. However, the panel emphasized the limited clinical 
utility and benefit of CCBs in the vast majority of idiopathic 
PAH patients (who do not manifest acute vasodilator respon-
siveness) and in most patients with other types of PH. For 
specific CTEPH patients, other factors considered included a 
minimal direct health benefit, an overall low potential impact 
on morbidity and mortality, inconclusive cost effectiveness and 
an intermediate burden on the patient to adhere to high-dose 
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CCBs. Moreover, the significant potential for adverse effects of 
high-dose CCBs, such as systemic hypotension and worsening 
RV failure, raised much concern.

As a result, there was consensus for a strong negative 
recommendation.

Clinical question 
Should patients with symptomatic CTEPH be treated 
with high-dose CCBs to improve operability or clinical 
outcomes?

Recommendation 8
•	 We	strongly	recommend	against	the	use	of	high-dose	CCBs	

in patients with CTEPH (grade of recommendation: 1C). 

CCB therapy in CTEPH patients: Areas for future research: 
In some CTEPH patients with marked acute vasodilator 
responsiveness, the potential benefit of high-dose CCBs has 
not been tested. The panel recommends further study of the 
epidemiology, pathophysiology and clinical significance of 
acute vasoreactivity in CTEPH patients, and the clinical 
value and risks of high-dose CCBs in such patients.

3. Digoxin therapy 
Clinical question: Should patients with CTEPH be treated 
with digoxin to reduce the incidence of atrial arrhythmias or 
improve clinical outcomes?
introduction: Based on the evidence of some clinical benefit 
in LV heart failure, the use of digoxin has been considered for 
patients with PH and RV failure. It is unclear whether digoxin 
is of clinical benefit in patients with CTEPH.
key evidence: No studies that addressed this clinical ques-
tion were identified. Thus, the recommendation informing 
this question is based on the consensus of the expert panel.
Expert panel synthesis of clinical judgment: The absence of 
any published evidence that addressed the use of digoxin in 
CTEPH patients was appreciated. The panel emphasized the 
likelihood of limited clinical benefit, the limited impact of 
digoxin on overall CTEPH morbidity and mortality, and 
inconclusive cost effectiveness. The panel recognized a low 
burden of adherence and the low risk of digoxin therapy in 
the presence of adequate clinical monitoring.

As a result, there was expert consensus for a weak negative 
recommendation on the routine use of digoxin in CTEPH 
patients.

Clinical question 
Should patients with CTEPH be routinely treated with 
digoxin to reduce the incidence of atrial arrhythmias or 
improve clinical outcomes?

Recommendation 9
•	 We	 do	 not	 suggest	 routine	 digoxin	 therapy	 in	 patients	

with CTEPH (grade of recommendation: 2C). The 
expert panel recognized that digoxin may be of some 
limited benefit in selected CTEPH patients with RV 
failure or atrial arrhythmias. 

Areas for future research: Further research on the potential 
benefits of digoxin therapy on both short-term and long-term 

clinical outcomes in CTEPH patients with RV failure or atrial 
arrhythmias may be clinically useful.

4. Supplemental nocturnal/exertional oxygen therapy
Clinical question: Should CTEPH patients who manifest 
isolated nocturnal and/or exertional oxygen desaturation 
receive long-term oxygen therapy to improve clinical 
outcomes?
introduction: In CTEPH patients with hypoxemia at rest, 
supplemental oxygen therapy is indicated similar to hypox-
emic patients with other cardiopulmonary disorders. Despite 
adequate oxygenation at rest, patients with CTEPH can 
manifest isolated oxygen desaturation on exertion and/or 
nocturnally. There are significant potential adverse effects of 
such repetitive desaturations such as worsening PH and a risk 
of RV failure. It is unclear whether CTEPH patients with 
exertional and/or nocturnal desaturation benefit from supple-
mental oxygen therapy.
key evidence: No studies that addressed this clinical ques-
tion were identified. Thus, the recommendation informing 
this question is based on the consensus of the expert 
panel.
Expert panel synthesis of clinical judgment: The absence 
of published evidence that addressed the use of supple-
mental oxygen to prevent exertional or nocturnal desa-
turation in CTEPH patients was appreciated. The panel 
recognized a potential clinical benefit of oxygen therapy 
in this situation as well as the low risk, but also noted the 
cost implications of long-term oxygen therapy. The lack of 
evidence supporting clinical benefit of supplemental oxygen 
for isolated exertional and/or nocturnal oxygen desaturation 
in other chronic pulmonary diseases (eg, COPD) was also 
considered.

As a result, there was no expert consensus on a recommen-
dation for the use of supplemental oxygen for isolated exer-
tional and/or nocturnal oxygen desaturation in CTEPH 
patients. Despite this lack of consensus, the panel appreciated 
that oxygen therapy for isolated nocturnal and/or exertional 
desaturation may be of benefit in individual patients.

Clinical question 
Should CTEPH patients who manifest isolated nocturnal 
and/or exertional oxygen desaturation receive long-term 
oxygen therapy to improve clinical outcomes? 

Recommendation 10
•	 There	was	no	expert	consensus	on	a	recommendation	for	

or against the use of supplemental oxygen in patients 
with CTEPH who manifest isolated nocturnal and/or 
exertional oxygen desaturation. Treatment with 
supplemental oxygen is clearly indicated for CTEPH 
patients who manifest hypoxemia at rest.  

Areas for future research: The panel suggests further study 
of supplemental oxygen, specifically during exercise or noc-
turnally in CTEPH patients, with regard to possible benefi-
cial effects on end points such as pulmonary hemodynamics, 
symptoms, WHO functional class or HRQoL.

5. Cardiopulmonary exercise rehabilitation in CTEPH  
patients
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Clinical question: Should a cardiopulmonary exercise pro-
gram be implemented to improve clinical outcomes in 
CTEPH patients being considered for PEA surgery, or in 
patients with inoperable CTEPH or residual PH following 
PEA surgery?
introduction: Lack of fitness due to inadequate levels of 
physical activity is recognized to be an important contributor 
to clinical symptoms, poor functional status and worse clin-
ical outcomes in many chronic cardiopulmonary conditions. 
The significant clinical benefits of a structured cardiopulmon-
ary rehabilitation program for conditions such as COPD and 
congestive heart failure are well recognized.

Similarly, cardiopulmonary exercise rehabilitation may be 
of benefit in CTEPH patients. For example, preoperative 
cardiopulmonary exercise rehabilitation could improve out-
comes in CTEPH patients undergoing PEA surgery. Other 
CTEPH patients who are inoperable or who experience resid-
ual PH following PEA surgery may also benefit from cardio-
pulmonary exercise rehabilitation.
key evidence: A single RCT (96) addressed the potential 
benefit of structured cardiopulmonary exercise rehabilita-
tion in patients with PH. Thirty patients were assigned to a 
structured rehabilitation program that consisted of an initial 
three-week, in-hospital phase, and a home-based program for 
an additional 12 weeks, with the training group consisting of 
15 subjects. Both groups received common elements includ-
ing healthy nutrition, massage therapy, counselling and 
muscular relaxation. The supervised in-hospital exercise 
program consisted of daily interval bicycle ergometer train-
ing for 10 min/day to 25 min/day (initially at a low intensity 
[10 W to 60 W]), which was increased as tolerated to 60 min 
of walking five days/week, single muscle group strength train-
ing five days/week and respiratory muscle training 30 min/day 
for five days/week. Each component was continued during the 
home-based period, with telephone follow-up every two weeks 
in both groups.

The exercise group experienced significant placebo-cor-
rected improvements in both primary end points at 15 weeks: 
6MWD improved by 111 m and improved HRQoL scores. 
Overall, exercise training was well tolerated, with no drop-
outs. The exercise group also showed improvements in WHO 
functional class, peak oxygen consumption and workload 
achieved during training.

This study included six subjects with CTEPH, two of whom 
were randomly assigned to the active rehabilitation group. 
However, no specific data on these patients were provided.

Thus, the recommendation informing this question is 
based on limited evidence and the consensus of the expert 
panel, some of whom have experience with cardiopulmonary 
exercise rehabilitation in CTEPH patients.
Expert panel synthesis of clinical judgment: The absence of 
specific data on cardiopulmonary exercise rehabilitation in 
CTEPH patients was recognized. The panel considered other 
factors in grading the strength of recommendation such as the 
likelihood of some direct benefit to the CTEPH patient, and 
the potential for a significant overall impact on CTEPH mor-
bidity and HRQoL, extrapolated from the benefits of rehabili-
tation in PH patients and in patients with other chronic 
cardiopulmonary conditions. However, inconclusive cost 
effectiveness, a moderately high burden of adherence and 

some potential adverse effects of exercise rehabilitation such 
as severe dyspnea, chest pain, systemic hypotension, light-
headedness, syncope and, potentially, death were also recog-
nized. In CTEPH patients specifically, the panel was concerned 
that the potential benefits of an exercise rehabilitation pro-
gram before PEA could be outweighed by the resulting delay 
in PEA and worsening of the degree of PH or RV failure.

As a result, there was consensus for a weak recommendation.

Clinical question 
Should a cardiopulmonary exercise program be implemented 
to improve clinical outcomes in CTEPH patients being con-
sidered for PEA surgery, or in patients with inoperable 
CTEPH or residual PH post-PEA? 

Recommendation 11
•	 We	 suggest	 cardiopulmonary	 exercise	 rehabilitation	 in	

CTEPH patients (grade of recommendation: 2C). 

Given the potential risks of exercise rehabilitation, the 
panel strongly urged that cardiopulmonary exercise rehabili-
tation be pursued only in a monitored setting under the 
supervision of a rehabilitation expert knowledgeable about 
PH. Moreover, exercise rehabilitation should be pursued with 
great caution in patients with severe WHO functional class 
III/IV CTEPH and/or RV failure. The panel emphasized that 
a decision to enroll CTEPH patients in a cardiopulmonary 
exercise rehabilitation program before PEA should be weighed 
carefully against the potential harm of delaying PEA surgery.
Areas for future research: The panel recommends further 
research into the potential beneficial effects of a structured 
cardiopulmonary exercise rehabilitation program on clinically 
important outcomes in CTEPH patients – specifically, CTEPH 
patients who are inoperable or have residual PH post-PEA. In 
addition, specific study of the benefits versus risks of cardio-
pulmonary exercise rehabilitation pre-PEA, such as the risks of 
delaying PEA surgery, would be clinically helpful.

6. Use of IVC filters
Clinical question: Should IVC filters routinely be inserted to 
reduce the occurrence of future PE and/or re-do PEA surgery, 
or improve long-term survival in patients with CTEPH?
introduction: It is generally believed that CTEPH is a result 
of an initial pulmonary embolic event, which usually arises 
from the deep venous system of the lower extremities and 
pelvis. In patients with recurrent pulmonary emboli despite 
systemic anticoagulation, or in patients in whom anticoagula-
tion is contraindicated due to bleeding risk, insertion of an 
umbrella-type filter device into the IVC has been recom-
mended to prevent future pulmonary emboli. In CTEPH 
patients, there may be a benefit of IVC filter insertion. 
However, IVC filter insertion may also have significant risks 
including retroperitoneal hemorrhage, future venous throm-
bosis, postphlebitic limb or filter migration/embolization. As 
a result of the uncertainty of the benefit-risk balance of IVC 
filters, there is a marked variability in the  routine clinical use 
of IVC filters in CTEPH patients among centres with exper-
tise in CTEPH and PEA surgery.
key evidence: No studies that addressed this clinical ques-
tion were identified. Thus, the recommendation informing 
this question is based on the consensus of the expert panel.
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Expert panel synthesis of clinical judgment: The lack of 
evidence to support any benefit of IVC filter insertion was 
emphasized. Some potential for limited direct health benefit 
to the patient, such as limited impact on morbidity and mor-
tality, was recognized. In additon, potential moderate adverse 
effects, a low burden of adherence and inconclusive economic 
effects were also discussed. Furthermore, there is no evidence 
to indicate that the risks of IVC filter insertion in CTEPH 
patients are different versus other patients.

As a result, the consensus of the panel was not to make a 
recommendation at this time.

Clinical question
Should IVC filters routinely be inserted to reduce the occur-
rence of future PE and/or re-do PEA surgery, or improve 
long-term survival in patients with CTEPH?  

Recommendation 12
•	 There	was	no	expert	consensus	on	a	recommendation	for	or	

against the routine use of IVC filters in patients with 
CTEPH. 

Areas for future research: The panel supports further study 
of IVC filters in CTEPH patients. Specific data on the risk of 
development/progression of CTEPH due to recurrent PE 
post-PEA and the effect of IVC filters on this risk would be 
clinically helpful. Studies defining the risk of IVC filters (eg, 
retroperitoneal hemorrhage, filter migration and complica-
tions of intravenous contrast) specifically in the CTEPH 
population would also be helpful.

B. Management of CTEPH patients pre-PEA
1. Introduction
Following appropriate diagnostic workup as above, PEA is the 
treatment of choice for symptomatic patients with proximal 
CTEPH. Preoperative evaluation of prospective PEA patients 
involves assessment for the presence of left-sided heart disease 
and is routinely evaluated clinically with echocardiography. 
Left heart catheterization with coronary angiography is usually 
performed in patients with risk factors for coronary artery dis-
ease. The presence of any significant underlying lung disease is 
also assessed clinically, radiographically and with pulmonary 
function tests. A patient’s baseline functional capacity is estab-
lished through objective exercise testing such as the 6MWD. 
Patients are also assessed for significant underlying disease, 
such as malignancy, using age-appropriate and targeted screen-
ing based on a careful review of the presenting symptoms.

Patients are usually maintained on systemic anticoagulation 
until just before PEA, although the actual protocol depends on 
local experience and preference of the PEA surgical centre. 
Supplemental oxygen and diuretics are often administered to 
optimize a patient’s oxygenation and volume status.

2. Parenteral prostanoid therapy in CTEPH patients pre-
PEA surgery
Clinical question: Should patients with symptomatic, sur-
gically accessible CTEPH be treated with parenteral prostan-
oids (intravenous epoprostenol, subcutaneous or intravenous 
treprostinil) before PEA surgery to improve operability or 
clinical outcomes?

introduction: In symptomatic patients with surgically access-
ible CTEPH, PEA surgery is the treatment of choice. In some 
of these patients, especially those with severe PH and RV 
failure, aggressive medical therapy pre-PEA with parenteral 
prostanoids (eg, intravenous epoprostenol, or subcutaneous or 
intravenous treprostinil) may be beneficial as a ‘bridge’ to 
PEA surgery to improve the results of PEA surgery and long-
term hemodynamic or clinical outcomes.
key evidence: This issue has been addressed in two small 
retrospective studies. In a retrospective case-series of 33 
CTEPH patients (97), intravenous epoprostenol treatment 
before PEA surgery in 12 patients with a PVR of greater than 
1200 dyne•s/cm5 improved pulmonary hemodynamics and 
reduced plasma BNP levels. The outcomes of the subsequent 
PEA were similar in these 12 epoprostenol-treated, severe 
CTEPH patients when compared with the outcomes in the 
other 21 patients with milder CTEPH who were not treated 
medically before PEA. In another retrospective series of 
nine patients with severe CTEPH (severity not defined) 
(98), intravenous epoprostenol was associated with improved 
hemodynamics and clinical status in six, but worsening in 
three. All patients subsequently underwent successful PEA. 
There are no data regarding the use of subcutaneous or intra-
venous treprostinil in CTEPH patients before PEA surgery.

Thus, the recommendation informing this question is based 
on weak evidence and the consensus of the expert panel.
Expert panel synthesis of clinical judgment: The clinical 
experience of several panel members, who reported successful 
use of intravenous epoprostenol in severely ill CTEPH 
patients before PEA surgery, was considered. Other factors 
that were considered in grading the strength of recommenda-
tion included a moderate likelihood of direct benefit to the 
patient; however, overall, there was only a limited potential 
impact on morbidity and mortality given the low-grade evi-
dence. In addition, a high burden of adherence and moderate 
adverse effects of intravenous epoprostenol treatment, such as 
potentially greater perioperative bleeding due to antiplatelet 
effects, were recognized in addition to the lack of any cost-
effectiveness data.

As a result, there was consensus for a weak recommendation.

Clinical question 
Should patients with symptomatic, surgically accessible 
CTEPH be treated with parenteral prostanoids (intra-
venous epoprostenol, subcutaneous or intravenous trepro-
stinil) before PEA surgery to improve operability or clinical 
outcomes?  

Recommendation 13
•	 We	 suggest	 pre-PEA	 treatment	 with	 intravenous	

epoprostenol in selected patients with severe surgically 
accessible CTEPH (WHO functional class III or IV with 
a PVR of greater than 1200 dyne•s/cm5 and/or RV 
failure) because this may improve hemodynamics and 
operability (grade of recommendation: 2C). The decision 
to institute pre-PEA parenteral epoprostenol therapy 
should be at the discretion of a centre with experience 
treating CTEPH patients and in consultation with a PEA 
surgeon.
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In the absence of any current evidence or experience, the 
use of subcutaneous or intravenous treprostinil in these 
patients cannot currently be recommended.

Although the above definition of ‘severe’ CTEPH was 
selected by the panel, there is no such definition with uni-
versal consensus. Therefore, the definition of severe CTEPH 
depends on the experience of each PEA centre. The panel 
strongly cautioned that the institution of medical therapy 
should not delay referral to a PH expert centre for con-
sideration of PEA in patients who have surgically accessible 
CTEPH because such a delay may adversely impact the clin-
ical outcome.

3. Oral PH-specific medical therapy in CTEPH patients 
pre-PEA 
Clinical question: Should patients with symptomatic, sur-
gically accessible CTEPH be treated with oral PH-specific 
medications (endothelin-receptor antagonists [ERAs] or 
phosphodiesterase type 5 inhibitors [PDE-5is) before PEA 
surgery to improve operability or clinical outcomes?
introduction: In symptomatic patients with surgically access-
ible CTEPH, PEA surgery is the treatment of choice. 
However, the potential benefit of novel, oral PH-specific 
medical therapy before PEA to improve clinical outcomes of 
subsequent PEA surgery is unclear.
key evidence: No studies that addressed this clinical ques-
tion were identified. Thus, the recommendation informing 
this question is based on the consensus of the expert panel.
Expert panel synthesis of clinical judgment: The absence 
of any specific data supporting pre-PEA, PH-specific med-
ical therapy was appreciated. Other factors considered in 
grading the strength of recommendation included some pos-
sibility of direct benefit to the CTEPH patient, but limited 
impact on overall CTEPH morbidity and mortality. For oral 
therapy specifically, a low burden of adherence, minimal 
adverse effects and inconclusive cost effectiveness were 
discussed.

The panel emphasized that the limited potential benefits 
of PH-specific medical therapy before PEA surgery could eas-
ily be outweighed by a resulting delay in PEA surgery and 
worsening of the degree of PH or RV failure.

As a result, the consensus of the panel was not to make a 
recommendation at this time.

Clinical question
Should patients with symptomatic, surgically accessible 
CTEPH be treated with oral PH-specific medications (ERAs, 
or PDE-5is) before PEA surgery to improve operability or 
clinical outcomes?  

Recommendation 14
•	 Currently,	we	do	not	recommend	for	or	against	the	use	of	

oral PH-specific medical therapy in CTEPH patients who 
are being considered for PEA. The panel emphasized that 
a decision to treat CTEPH patients with oral PH 
medications should not delay referral to an expert centre 
for consideration of PEA in patients with surgically 
accessible CTEPH because such a delay may adversely 
impact the clinical outcome. 

Areas for future research: Future research defining the bene-
fits versus risks of medical PH-specific therapy pre-PEA, espe-
cially in delaying PEA surgery, would be clinically helpful. 
Moreover, the usefulness of novel approaches (eg, cardiac MR 
and serum markers such as BNP) to assess RV function and 
distal pulmonary arteriopathy  before PEA surgery to better 
predict the risks of surgery would also elucidate the potential 
role of PH-specific medical therapy in the treatment of PH and 
RV failure pre-PEA surgery and, possibly, improve outcomes.

C. PEA in CTEPH patients
1. Introduction
The pathophysiology of PH and RV overload in many CTEPH 
patients is related to the presence chronic, organized throm-
botic vascular disease at the level of the larger proximal pul-
monary arteries including the main, lobar and segmental 
pulmonary arteries. By definition, such disease is not treatable 
with simple anticoagulation because the occlusive material is 
believed to have evolved from a thrombus to more organized or 
fibrotic tissue. No medications have been shown to be effective 
in treating this occlusive pulmonary arterial disease.

The current surgical procedure for PEA as a standard 
approach to the treatment of CTEPH was first developed in 
the late 1980s at the University of California at San Diego 
(California, USA) by the team led by Dr Ken Moser (35). 
Since the initial reports, there have been several modifications 
to the surgical approach to PEA. Approximately 4000 proced-
ures have been completed in specialized centres in many 
countries worldwide (99,100).

The accepted approach to the pulmonary arteries is 
through a median sternotomy using central cannulation with 
cardiopulmonary bypass. Due to bronchial artery hyperplasia 
in CTEPH (75,82), PEA is usually performed under deep 
hypothermic circulatory arrest or low-flow bypass to minimize 
bleeding, and to optimize visualization and the quality of the 
pulmonary artery dissection. After aortic cross-clamping and 
the administration of myocardial protection with cardio-
plegia, the right and left main pulmonary arteries are sequen-
tially approached through arteriotomies extending out close 
to the pericardial reflection. The right pulmonary artery is 
approached from the space between the superior vena cava 
and the aorta. Once the blood vessel is opened, an appropri-
ate endarterectomy plane is developed in the posterior wall of 
the vessel using blunt dissection. The specimen is prepared 
circumferentially, with subsequent careful dissection distally 
into the lobar and segmental vessels of each lung. The per-
iods of circulatory arrest are generally limited to a maximum 
of 20 min, with corporeal reperfusion for 10 min between 
periods of arrest (101). Two 20 min periods are usually 
required for complete excision of bilateral specimens. After 
the specimen has been completely removed, the pulmonary 
artery is closed, and the patient is subsequently rewarmed and 
weaned from cardiopulmonary bypass. Postoperative care is 
usually in an intensive care unit setting with routine clinical 
and hemodynamic monitoring.

2. PEA in patients with surgically accessible CTEPH
Clinical question: Should patients with surgically accessible 
CTEPH undergo PEA to improve clinical outcomes?
introduction: PEA has become the standard of care given 
the dramatic hemodynamic and clinical improvements that 
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have been observed in many CTEPH patients. This is in 
contrast to the poor prognosis for survival that has historic-
ally been associated with CTEPH (1,2,102). For example, 
survival at two years was less than 20% when mPAP 
exceeded 50 mmHg in nonsurgically treated CTEPH 
patients in one study from an era before the availability of 
PH-specific medications (1). A significant mortality of 32% 
was also found in CTEPH patients with less severe hemo-
dynamics (2).
key evidence: Although approximately 4000 PEA surger-
ies have been performed worldwide in the past 30 years, 
not all of these patients’ outcomes are reported in the pub-
lished literature. A large number of observational reports 
have described the effects of PEA surgery on pulmonary 
hemodynamics, cardiac size and function, clinical param-
eters and other important outcomes such as survival 
(28,45,100,103-130) (Table 6). However, there are no 
RCTs that directly compared PEA surgery for patients with 
surgically accessible CTEPH with either conservative 
management alone (eg, diuretics, oxygen and anticoagula-
tion) or with conservative management plus novel 
PH-specific medications without PEA.

In the vast majority of reports, there is an immediate 
improvement in hemodynamics after PEA including an 
increase in CI and significant decreases in PVR and PAP both 
on arrival to the intensive care unit and over the ensuing few 
days (100) (Table 6). RV remodelling also occurs quite rapidly 
after PEA. There is an immediate decrease in right-sided 
chamber sizes, a marked reduction in tricuspid insufficiency, 
with normalization of valve geometry, decreased leftward shift 
of the interventricular septum, increased LV end-diastolic 
area and reduced LV eccentricity (106,131,132). Clinical 
improvement after PEA is likely related to improvement in 
pulmonary hemodynamics, blood flow and RV function fol-
lowing removal of pulmonary arterial obstructive material 
(34,106), but may also be due to reversal of pulmonary vascu-
lar remodelling (133-135).

In experienced hands, perioperative (30-day) mortality 
ranges from 4% to 10%, with the most common cause of 
early death related to persistent PH (28,45,100,103,104,106-
109,112-115,118-124,130). In the largest series (118), PEA 
perioperative mortality between 1998 and 2002 was 
4.4% (22 of 500). Increasing surgical experience, technical 
refinements and better patient selection likely explain the 
improvements in perioperative mortality during the past 15 
years. However, the purported benefits of PEA suffer from 
potential publication bias, and outcomes may vary significantly 
from centre to centre depending on experience and surgical 
expertise.

Among survivors of PEA, there is evidence that patients 
can expect significant improvement in long-term outcome. A 
comprehensive follow-up conducted in San Diego (California, 
USA) between 1970 and 1994 reported a survival rate of 75% 
six years after surgery in 514 PEA patients (103). The most 
common cause of late death was residual PH post-PEA, with 
death in this subgroup occurring at a mean of 2.73 years after 
surgery. More recent series have found two-year survival to be 
in the 85% to 90% range (28,119,123,124,136-138) – in 
striking contrast to the natural history studies of nonsur-
gically treated CTEPH patients (1,2,102).

Studies have also reported significant post-PEA improve-
ments in long-term HRQoL (124,139), exercise toler-
ance as measured by 6MWD (28,45,114,115,120,122), 
peak oxygen consumption (137) and functional capacity 
(28,107,108,112,122,123). The improvements in these clin-
ical parameters have often been correlated with pulmonary 
hemodynamic improvement post-PEA.

The recommendation informing this question is based on 
this evidence and the consensus of the expert panel.
Expert panel synthesis of clinical judgment: The panel 
graded the published evidence supporting improved clinical 
outcomes post-PEA surgery in patients with surgically 
accessible CTEPH as being of moderate quality. The poten-
tial for significant direct health benefits of successful PEA 
surgery in an individual CTEPH patient was appreciated, as 
was the high overall impact of PEA surgery on morbidity 
and mortality in such patients with surgically-accessible 
CTEPH. Moderate adverse effects including risk of death or 
neurological complications, a high burden of adherence and 
inconclusive cost effectiveness of PEA surgery in such 
patients were also considered.

As a result, there was consensus for a strong 
recommendation.

Clinical question 
Should patients with surgically-accessible CTEPH undergo 
PEA to improve clinical outcomes? 

Recommendation 15
•	 We	 recommend	 PEA	 as	 the	 treatment	 of	 choice	 in	

patients with surgically-accessible CTEPH (grade of 
recommendation: 1C).  

Surgical resectability of CTEPH is a critical issue in the 
optimal care of CTEPH patients and should be assessed at 
a centre with experience. In patients with surgically 
accessible CTEPH and an acceptable perioperative risk, 
PEA is the treatment of choice and should not be delayed 
because of consideration of a ‘trial’ of PH-specific medical 
therapy. CTEPH patients with surgically accessible disease 
who also have significant underlying comorbidities should 
be carefully assessed at a centre experienced with CTEPH 
and in consultation with a PEA surgeon to accurately 
define the benefits versus the perioperative risks of PEA.

3. PEA in patients with distal CTEPH
Clinical question: Should patients with distal CTEPH be 
considered for PEA to improve clinical outcomes?
introduction: PEA surgery is a very effective treatment 
approach for CTEPH patients with surgically accessible, 
‘proximal’ pulmonary artery obstruction. However, the poten-
tial benefits of PEA surgery are uncertain in CTEPH patients 
without proximal pulmonary arterial obstruction, but only 
have ‘distal’ or ‘peripheral’ disease.
key evidence: Two studies have specifically addressed this 
clinical question by comparing the hemodynamic and clin-
ical outcomes of PEA surgery in CTEPH patients with ‘cen-
tral’ versus more ‘distal’ pulmonary arterial thromboembolic 
disease.



CTEPH: Clinical practice guidelines

Can Respir J Vol 17 No 6 November/December 2010 319

TablE 6
Effects of pulmonary endarterectomy (PEa) surgery in patients with surgically accessible chronic thromboembolic 
pulmonary hypertension*
author  
(reference), year Centre n Follow-up Time period

Perioperative 
mortality, % Survival, % Other significant outcomes

Mayer et al (106), 
1996

Mainz,	
(Germany)

65 27 months 1989–1995 24 Improved echocardiographic parameters and hemodynamics

Hartz	et	al	(107),	
1996

Chicago 
(USA)

34 4–6	weeks 1983–1995 23 Improved mPAP, CO, PVR and WHO FC

Archibald et al 
(103), 1999

San Diego 
(USA)

514 3.3 years 1970–1994 10 75 
at >6 years

Improved	mPAP,	CO,	PVR,	WHO	FC	and	SF-36	scores;	62%	of	
unemployed	patients	returned	to	work,	83%	no	hospitalizations

Dartevelle et al 
(108), 1999

Clamart 
(France)

68 3 months 1996–1998 13 Increased	CI	(2.1→2.8);	decreased	mPAP	(53→30)	and	TPR	
(1174→519);	improved	WHO	FC	in	82%	(3.2→1.3)

D’Armini et al 
(113), 2000

Pavia 
(Italy)

33 2 years 1996–1999 9 91; 85 
at 1, 2 years

Decreased	mPAP	(50→19)	and	PVR	(1056	→	182)	at	3	months; 
increased	CO	(3.3→5.6)	at	3	months;	improved	WHO	FC	 
(90% FC I or II)

Menzel	et	al	
(132), 2002

Mainz 
(Germany)

39 13 days Not specified Improved	TR	and	RV	echo	parameters;	increased	CI	(2.3→3.4); 
decreased	PVR	(895→292)

Thistlethwaite  
et al (104), 2002

San Diego 
(USA)

157 3 months 1998–2000 5 98 
at 1 month

Increased CI (+0.85) at 2–11 days; decreased sPAP (–36) and PVR 
(–612) at 2–11 days; improved WHO FC (I/II in 88%) at 3 months

Zoia et al (109), 
2002

Pavia 
(Italy)

38 2 years 1994–1999 8 96 
at 2 years

Increased	CO	(3.4→4.7)	and	RVEF;	decreased	mPAP	(50→21)	
and	PVR	(1067→303);	54%	had	normal	PVR.	Progressive	
improvement in treadmill exercise distance to 2 years; improved 
gas exchange

Jamieson et al 
(118), 2003

San Diego 
(USA)

500 1998–2002 4 Increased	CO	(3.8→5.5);	decreased	mPAP	(46→28)	and	PVR	
(893→285)

Oikonomou	et	al	
(110), 2004

Ottawa 
(Canada)

37 1995–2001 Decreased	mPAP	(50→30)	and	PVR	(934→212)

Puis et al (119), 
2005

Leuven 
(Belgium)

40 1.8 years 1999–2003 5 85 
at 2 years

Increased	CI	(1.5→2.6);	decreased	mPAP	(50→38)	and	PVR	
(1246→515)

Casaclang-
Verdoza	et	al	
(111), 2006

Rochester 
(USA)

32 1 year 1997–2003 Improved	echocardiographic	RVSP	(93→55),	RV	size	(end-diastolic	
and	end-systolic	areas)

Matsuda et al 
(120), 2006

Osaka	
(Japan)

102 5 years 1995–2005 8 91, 84 
at 3, 5 years

Increased	CI	(2.0→2.5)	at	1	year;	decreased	mPAP	(46→21)	and	
PVR	(1072→346)	at	1	year;	increased	6MWD	(358→489)	and	peak	
VO2	(13.8→20)	at	2	years

Mellemkjaer	et	al	
(112), 2006

Denmark 50 5 years 1994–2004 9 after 2000 74 
at 5 years

Improved WHO FC and RVSP in 90% of patients at 3 months

Ogino et al (121), 
2006

Osaka	
(Japan)

88 5 years 1995–2004 8 91, 86 
at 3, 5 years

Improved	PVR,	68%	weaned	from	long-term	oxygen

Hardziyenka	et	al	
(122), 2007

Amsterdam 
(Neth)

61 3 months 2002–2005 10 –

Rubens et al 
(100), 2007

Ottawa 
(Canada)

106 1 month 1995–2006 9 Increased	CI	(2.0→3.2);	decreased	mPAP	(47→28)	and	PVR	
(810→215)

Reesink	et	al	
(114), 2007

Amsterdam 
(Neth)

42 12 months 2003–2005 10 Decreased	mPAP	(44→25)	and	TPR	(878→444);	increased	6MWD	
(69% to 87% predicted)

Suntharalingam  
et al (45), 2007

Cambridge 
(UK)

102 12 months 2004–2006 14 Decreased	mPAP	(48→29)	and	TPR	(960→480)

Mikus	et	al	(115),	
2008

Bologna 
(Italy)

40 7 months 2004–2007 7 Decreased	mPAP	(49→26)	and	PVR	(794→286);	increased	6MWD	
(371→483)

Condliffe et al 
(28), 2008

Cambridge 
(UK)

236 3 years 2001–2006 16; 11 after 
2003

88, 76 
at 1, 3 years

Increased	CI	(2.1→2.6);	decreased	mPAP	(48→27)	and	TPR	
(1028→464);	improved	WHO	FC	I/II	(12%→88%)	at	3	months;	 
increased	6MWD	(275→380)

Corsico et al 
(123), 2008

Pavia 
(Italy)

157 4–5 years 1994–2006 12 84 
at 5 years

Increased	CO	(3.3→4.5)	at	4	years;	decreased	mPAP	(48→23)	and	
PVR	(1140→339)	at	4	years;	improved	WHO	FC	(I:	0%→74%); 
progressive improvement in treadmill exercise distance to 4 years

Yoshimi et al 
(124), 2008

Chiba 
(Japan)

31 3.9 years 1999–2006 8 92 
at 6 years

Decreased	mPAP	(47→21)	and	PVR	(904→259);	improved	SF-36	
scores and BDI versus medically treated group

*Study included if n>30. 6MWD 6 min walk test distance (m); BDI Borg dyspnea index; CI Cardiac index (L/min/m2); CO Cardiac output (L/min); FC functional class; 
mPAP Mean pulmonary arterial pressure (mmHg); Neth The Netherlands; PVR Pulmonary vascular resistance (dyne•s/cm5); RV Right venticular; RVEF RV ejection 
fraction; RVSP RV systolic pressure (mmHg); SF-36 Short Form Health Survey; sPAP Systolic pulmonary arterial pressure (mmHg); TPR Total pulmonary resistance 
(dyne•s/cm5); TR Tricuspid regurgitation; UK United Kingdom; VO2 Oxygen consumption (mL/kg/min)



Mehta et al

Can Respir J Vol 17 No 6 November/December 2010320

In a retrospective case series of 39 CTEPH subjects 
undergoing PEA surgery (140), PVR decreased in all sub-
jects; however, 17 of 39 (44%) experienced residual PH 
post-PEA. Logistic regression analysis identified the three 
following variables that best predicted residual PH: higher 
preoperative PVR, lower CT angiographic quantification 
of central disease and a greater extent of distal involve-
ment. The single preoperative imaging feature that correl-
ated (r=0.39 to 0.64: P<0.02) with residual PH post-PEA 
(higher PVR) was the presence of small-vessel disease 
characterized on CT using inhomogeneous lung attenua-
tion in the absence of large-vessel/segmental CTEPH. In 
another retrospective case series of 83 CTEPH patients 
assessed for PEA surgery (124), 40 patients underwent 
PEA, of which 14 had distal small-vessel CTEPH based on 
CT angiographic perfusion scoring. In these 14 subjects, 
PEA was associated with improved physical aspects of 
HRQoL and baseline dyspnea index. However, PEA in 
‘distal’ versus ‘central’ CTEPH was associated with greater 
perioperative mortality (21.4% versus 7.7%; P<0.05) and 
more severe residual PH post-PEA.

The recommendation informing this question is based on 
this evidence and the consensus of the expert panel.
Expert panel synthesis of clinical judgment: The panel 
graded the published evidence supporting improved clin-
ical outcomes post-PEA surgery in patients with distal 
CTEPH disease as weak. The potential for significant dir-
ect health benefits of successful PEA surgery in an individ-
ual CTEPH patient was appreciated. However, the panel 
was concerned about the potential for limited overall 
impact of PEA surgery on morbidity and mortality in such 
CTEPH patients with distal disease. Moreover, serious 
adverse effects including significant risk of death or neuro-
logical complications, a high burden of adherence and 
inconclusive cost effectiveness of PEA surgery in such 
patients were considered.
As a result, there was consensus for a weak recommendation.

Clinical question 
Should patients with distal CTEPH be considered for PEA 
to improve clinical outcomes? 

Recommendation 16
•	 We	suggest	that	patients	with	distal	CTEPH	be	considered	

for PEA on an individual basis at a centre experienced 
with PEA (grade of recommendation: 2C). 

The expert panel recognized that the definitions of sur-
gically accessible versus ‘distal’ disease are currently contro-
versial and, as a result, the published results pertaining to 
PEA surgery in patients with ‘distal’ disease may not be gen-
eralizable. It was strongly emphasized that the potential eligi-
bility for PEA of such patients with ‘distal’ CTEPH be 
assessed by a team or centre experienced with PEA in consul-
tation with a PEA surgeon.
Areas for future research: There is marked heterogeneity 
in the literature for characterization of ‘proximal’ versus 
‘distal’ CTEPH. Future studies should help define objective 
criteria for a more consistent radiological classification of 
the anatomical extent of CTEPH including the total burden 

of pulmonary arterial thromboembolic disease and the con-
tribution of distal versus proximal disease. Moreover, addi-
tional long-term data regarding the natural history of ‘distal’ 
pulmonary arterial thromboembolic disease would be clinic-
ally useful.

4. Post-PEA long-term follow-up in a PH centre
Clinical question: Should CTEPH patients post-PEA be fol-
lowed up long-term in a PH expert centre to improve clinical 
outcomes?
introduction: PH is a complex condition that requires 
rigorous diagnostic investigation and regular clinical mon-
itoring and is, thus, usually managed in a small number of 
PH expert centres. Moreover, an estimated 10% of patients 
undergoing PEA do not improve (21), and many other 
CTEPH patients experience residual PH post-PEA surgery. 
However, it remains unclear whether CTEPH patients post-
PEA surgery benefit from long-term follow-up in such PH 
expert centres.
key evidence: No studies that addressed this clinical ques-
tion were identified. Thus, the recommendation informing 
this question is based on the consensus of the expert panel.
Expert panel synthesis of clinical judgment: The panel 
recognized the lack of any published evidence supporting 
the benefit of long-term follow-up of CTEPH patients in a 
PH centre post-PEA surgery. Other factors including a dir-
ect health benefit in the individual CTEPH patient, and 
potentially significant overall impact on morbidity and 
mortality in post-PEA CTEPH patients were considered. 
Some burden of adherence in attending specific PH cen-
tres was recognized (particularly for patients residing in 
geographically remote areas of Canada), but a lack of 
adverse effects of follow-up in PH centres and unclear cost 
effectiveness were noted.

As a result, there was consensus for a weak recommendation.

Clinical question 
Should CTEPH patients post-PEA be followed-up long-
term in a PH expert centre to improve clinical 
outcomes? 

Recommendation 17
•	 We	suggest	that	post-PEA	CTEPH	patients	may	benefit	

from long-term follow-up in a PH expert centre (grade of 
recommendation: 2C). 

Areas for future research: The panel identified the potential 
advantage of post PEA follow-up in PH centres in facilitating 
future Canadian CTEPH epidemiological research. The pos-
sibility of telehealth as a means to provide PH centre exper-
tise to remote Canadian communities was raised as another 
area for future research.

5. PH-specific medical therapy in CTEPH patients with 
residual PH post-PEA 
Clinical question: Should patients with symptomatic residual 
PH following PEA surgery be treated with PH-specific medi-
cations (ERAs, PDE-5is or prostanoids) to improve clinical 
outcomes?
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introduction: In many CTEPH patients who undergo PEA 
surgery, significant clinical and hemodynamic benefit is 
observed. However, some patients will experience clinic-
ally important residual or persistent PH after PEA, presum-
ably due to components of persistent pulmonary 
microvascular arteriopathy and/or residual thrombotic 
material. These patients may experience progressive clin-
ical symptoms of dyspnea, fatigue and edema, in additon to 
developing RV failure, similar to patients with other types 
of PH. The degree of residual PH post-PEA significantly 
influences the risk of death following PEA. A large case 
series of 500 patients with a postoperative PVR of greater 
than 500 dyne•s/cm5 undergoing PEA conducted between 
1998 and 2002 (118), reported a mortality rate of 30.6%, 
whereas a mortality rate of only 0.9% was found in patients 
with a postoperative PVR of less than 500 dyne•s/cm5. In 
patients with residual PH following PEA surgery, 
PH-specific medical therapy may be beneficial to improve 
clinical outcomes, similar to the benefits documented in 
patients with PAH.
key evidence: No studies have specifically addressed this 
clinical question. Patients with residual PH post-PEA have 
been included in a few studies assessing the benefits of vari-
ous PAH-therapies (PDE-5i, ERA and prostanoid) in 
CTEPH patients (Table 7). However, in most of these stud-
ies, the study population was heterogeneous and the specific 
number of patients with residual PH post-PEA was either 
not stated or limited to only a few subjects. Moreover, 
specific data regarding PAH therapies in these patients were 
not reported. A single placebo-controlled RCT of the ERA 
bosentan in 157 CTEPH patients (141) included patients 
with residual PH post-PEA. Bosentan therapy for 16 weeks 
in 22 post-PEA patients was associated with 34% reduction 
in PVR and a nonsignificant decline in 6MWD. There were 
no other data on secondary end points in patients with 
residual PH post-PEA.

Thus, the recommendation informing this question is 
based on weak evidence and the consensus of the expert 
panel.
Expert panel synthesis of clinical judgment: The low-grade 
evidence in support of the benefits of PH-specific medical 
therapy was recognized. Several panel members reported 
success with the use of oral medical therapies including the 
ERA bosentan and the PDE-5i sildenafil in CTEPH patients 
with residual PH post-PEA surgery; this clinical experience 
was also considered. However, the panel discussed a low 
likelihood of direct benefit to the patient, and only limited 
potential impact of all PAH therapies on morbidity and 
mortality given the low-grade evidence that only indirectly 
addresses the clinical question. The low burden of adher-
ence and overall minimal adverse effects of oral PH-specific 
therapy were recognized, as well as the lack of any cost-
effectiveness data. There was a lack of clinical experience 
with PAH therapy using prostanoids. Moreover, specifically 
for parenteral prostanoids (eg, intravenous epoprostenol and 
subcutaneous/intravenous treprostinil), a higher burden of 
adherence and serious adverse effects were considered, as 
well as a consensus that such therapies were not currently 
cost effective. As a result, there was consensus for weak 
recommendations.

Clinical question 
Should patients with symptomatic residual PH post-PEA be 
treated with PH-specific medications (ERAs, PDE-5is or 
prostanoids) to improve clinical outcomes? 

Recommendations 18, 19 and 20
•	 We	suggest	ERA	monotherapy	in	patients	with	symptomatic,	

residual PH post-PEA (grade of recommendation: 2C). 
This recommendation currently applies only to the ERA 
bosentan because there are no data available to assess the 
potential benefits of other ERAs (eg, sitaxsentan and 
ambrisentan) in CTEPH patients. 

•	 We	 suggest	 PDE-5i	 monotherapy	 in	 patients	 with	
symptomatic, residual PH post-PEA (grade of 
recommendation: 2C). This recommendation currently 
applies only to the PDE-5i sildenafil because there are 
no data available to assess the potential benefits of other 
PDE-5is (eg, tadalafil and vardenafil) in CTEPH patients. 

•	 We	suggest	that	parenteral	prostanoid	monotherapy	could	
be considered in specific patients with symptomatic, 
residual PH post-PEA in whom oral PH-specific therapy 
has not been effective or was not tolerated (grade of 
recommendation: 2C). This recommendation currently 
applies only to the parenteral prostanoids (eg, intravenous 
epoprostenol and subcutaneous/intravenous treprostinil) 
because there are no data available to assess the potential 
benefits of oral (eg, beraprost) or inhaled prostanoids (eg, 
iloprost and treprostinil). 

The panel did address the question of combination ther-
apy (ie, combinations of ERA, PDE-5i and/or prostanoids) in 
residual PH post-PEA separately (see recommendation 24).

D. Management of CTEPH patients not eligible for PEA
1. Introduction
PEA surgery remains the approach of choice for patients with 
surgically accessible large vessel (main, lobar and segmental 
pulmonary artery) CTEPH; however, up to one-half of 
CTEPH patients are ineligible for PEA because of predomin-
antly distal or surgically inaccessible disease, extremely ele-
vated PVR, or underlying significant comorbid illnesses such 
as LV or pulmonary parenchymal disease. In addition, a small 
number of patients who are offered PEA surgery decline the 
procedure.

There is considerable rationale to suggest that PH-specific 
medical therapies may have clinical benefits in CTEPH 
patients. Although the distinction between PAH and CTEPH 
is often emphasized, there are many similarities between the 
conditions including clinical presentation with progressive 
PH and RV failure, and pathophysiological overlap. PAH and 
CTEPH may represent extremes of a disease continuum based 
on several lines of evidence such as the observation that a 
microvascular arteriopathy with plexiform lesions can exist in 
the obstructed and unobstructed vascular bed of CTEPH 
patients (142).

The role of several PH-specific medical therapies in these 
groups of CTEPH patients has been explored in many small, 
predominantly uncontrolled studies. Early indications are 
that medical therapies may have promise in all of these sub-
groups of CTEPH patients; however, the precise role of 
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medical therapy in each situation remains unclear. Moreover, 
studies to date have not demonstrated effectiveness in 
CTEPH as convincingly as for PAH patients in whom 
PH-specific medications are associated with better HRQoL 
including less dyspnea, better exercise capacity and longer 
survival (143).

Other CTEPH patients that may be considered for treat-
ment with PH-specific medications include those ineligible 
for PEA but offered and awaiting lung transplantation. 
PH-specific therapies have been used as a ‘bridge’ to trans-
plantation. It must be emphasized that the currently available 
evidence does not justify the pursuit of medical therapy in 
these patients if it adversely delays timely access to lung 
transplantation.

2. PH-specific medical therapy in patients with inoperable 
CTEPH
Clinical question: Should patients with inoperable CTEPH 
be treated with PH-specific medications (ERAs, PDE-5is, 
prostanoids) to improve clinical outcomes?
introduction: Many patients with CTEPH are not eligible for 
PEA surgery. This may be due to the absence of significant 
disease in the proximal (main, lobar or segmental) pulmonary 

arteries and/or the presence of underlying comorbid illnesses 
that preclude major surgery. These patients typically experi-
ence progressive clinical symptoms of PH and RV failure 
including dyspnea, edema, chest pain and syncope. In these 
CTEPH patients, PH-specific medical therapy may be benefi-
cial to improve clinical outcomes, similar to the benefits 
documented in patients with PAH. Moreover, PH-specific 
medical therapy could also stabilize a CTEPH patient, serving 
as a ‘bridge’ to transplantation.
key evidence: Many studies have addressed this clinical 
question, although randomized, placebo-controlled designs 
were used in only four: an RCT of bosentan that included 
both inoperable CTEPH and post-PEA patients (141); two 
crossover studies of sildenafil in 11 patients (144,145); and a 
subgroup of 57 patients in an RCT of inhaled iloprost study 
(146) (Table 8). The others were mostly small, uncontrolled 
case series consisting of two to 104 patients, for a total experi-
ence of approximately 385 patients with inoperable CTEPH 
who were exposed to prostanoids, ERAs and PDE-5is.

The ERA bosentan was associated with improvements in 
6MWD and PVR in four case series of 15 to 19 patients each 
over three to six months (147-150). Moreover, the improvements 
appeared sustained at one year in a series of 39 patients (151) and 

TablE 7
Effects of pulmonary hypertension (PH)-specific monotherapy in chronic thromboembolic PH (CTEPH) patients 
experiencing symptomatic residual PH following pulmonary endarterectomy (PEa)
author  
(reference), year Design Patients Intervention Comparator Significant outcomes

Machherndl et al 
(167), 2001

Case series n=2, subgroup in 
study of PH (n=12) 

inh iloprost  
100–150 µg/day 
× 4–18 months

None *Decreased	6MWD	(–189	m);	increased	PVR	(+27%),	
decreased CI (–10%); no change in WHO FC

Hoeper et al 
(150), 2005 

Case series n=4, subgroup in 
study of CTEPH 
(n=19) 

Bosentan 125 mg bid 
× 3 months

None *Entire	group:	improved	6MWD	(+73	m),	decreased	PVR	
(–33%),	increased	CO	(+18%),	decreased	NT-pro-BNP	
level; no change in VO2max, WHO FC

Hughes et al 
(147), 2005 

Case series n=5, subgroup in 
study of CTEPH 
(n=20) 

Bosentan 125 mg bid 
× 3 months

None *Improved	6MWD	(+45	m) 
Decreased PVR (–28%), increased CO (+21%)

Lang et al (163), 
2006 

Case series n=5, subgroup in 
study of CTEPH 
(n=23) among PH 
(n=122) 

sc treprostinil 16 to  
84	ng/kg/min 
× 3–57 months

None *Entire	group:	improved	6MWD	(+65	m)	and	WHO	FC	(–0.7); 
survival 89%, 71%, 66% at 1, 3 and 4 years, respectively; 
10% discontinued

Hughes et al 
(151), 2006 

Case series n=8, subgroup in 
study of CTEPH 
(n=47) 

Bosentan 125 mg bid 
× 12 months

None Improved 6MWD (+52 m) and WHO FC (24%); 
decreased TPR (–12%), increased CI (+10%), 
survival 96%, 86% at 1, 2 years, respectively

Seyfarth et al 
(152), 2007

Case series n=2, subgroup in 
study of CTEPH 
(n=12) 

Bosentan 125 mg bid 
× ≤24 months

None *Improved	6MWD	and	Tei	index;	improved	WHO	FC	from	III	
to II (n=6); no deaths, no discontinuations at 24 months

Suntharalingam 
et al (144), 
2008 

PC RCT; 
LT	open-label,	
cross-over

n=9, subgroup in 
study of CTEPH 
(n=19)

Sildenafil 40mg tid 
× 3–12 months

RCT: placebo 
LT,	open-label:	
none

*RCT:	decreased	PVR	(–24%),	improved	WHO	FC;	 
no	change	in	QOL,	6MWD,	CI	or	NT-pro-BNP	level. 
Open-label:	improved	6MWD	(+36	m),	decreased	PVR	
(–21%) and CI (–9%); decreased CAMPHOR symptom/
activity	and	NT-pro-BNP	(–189)

Jais et al (141), 
2008

DB, PC, RCT n=19, subgroup in 
study of CTEPH 
(n=77) 

Bosentan 125 mg bid 
× 16	weeks

n=22, placebo *Decreased	PVR	(–24%);	decreased	Borg	dyspnea	index	
(–0.6 units); no change in CI, 6MWD, WHO FC or TCW; 
decreased	NT-pro-BNP	(–622)

Unless otherwise noted, number of patients refers specifically to CTEPH patients with residual PH post-PEA. *No specific data on treatments or outcomes in CTEPH 
patients post-PEA. 6MWD 6 min walk test distance; bid Twice daily; CAMPHOR Cambridge PH Outcome Review; CI Cardiac index; CO Cardiac output; DB Double-
blinded; FC Functional class; inh Inhaled; LT Long term; NT-pro-BNP N-terminal probrain natriuretic peptide (pg/mL); PC Placebo-controlled; PVR Pulmonary vas-
cular resistance; QOL Quality of life; RCT Randomized clinical trial; sc Subcutaneous; TCW Time to clinical worsening; tid Three times daily; VO2max Maximal oxygen 
uptake
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at two years in a 10-patient series (152). An overall survival 
rate of 96% at one year was better than in historical studies of 
patients with similar hemodynamic severity of CTEPH (151). 
However, the subsequent multicentre, placebo-controlled RCT 
of bosentan (141) failed to demonstrate a significant improve-
ment in 6MWD in a subgroup of 55 inoperable CTEPH 
patients despite a 19.5% reduction in PVR at four months. 
The Borg dyspnea index scores and NTpro-BNP levels did 
improve in this study; however, HRQoL scores, WHO func-
tional class, and time to clinical worsening were not different 
from placebo-treated patients.

The PDE-5i sildenafil has also been associated with improved 
short- and long-term outcomes in uncontrolled studies (145,153-
156), the largest of which (157) included 104 inoperable 
patients. In this study, a 51 m improvement in 6MWD and 
a 21% reduction in PVR were observed at one year. A small 
crossover randomized study including 10 inoperable and 
nine post-PEA (65) patients showed a similar reduction in 
PVR at three months that appeared sustained in an open-
label extension after 12 months. This study failed to show 
improvements in exercise tolerance during the three-month 
placebo-controlled portion, but did show improvements 
in WHO functional class at three months, NT-proBNP 
levels and Cambridge PH Outcome Review (CAMPHOR) 
PH-specific HRQoL scores at 12 months.

The effects of prostanoids including epoprostenol (158-161), 
treprostinil (162,163) beraprost (164-166) and iloprost 
(146,161,167,168) have been assessed in inoperable CTEPH 
patients, but in an uncontrolled fashion in all except one 
study. A retrospective subgroup analysis of 57 inoperable 
CTEPH patients included in the inhaled iloprost RCT of 
146 PH patients (146) failed to demonstrate any benefits of this 
agent in inoperable CTEPH. However, the experience with 
epoprostenol and treprostinil has been more positive, with 
improvements of 46 m to 105 m in 6MWD noted at 19 to 
20 months, and a suggestion of increased long-term survival 
relative to historical controls in small case series (159,162).

The recommendation informing this question is based on 
the above evidence and the consensus of the expert panel.
Expert panel synthesis of clinical judgment: The panel 
graded the evidence supporting the benefits of PH-specific 
medical therapy in CTEPH patients as moderate (ERAs, 
PDE-5i) or low (prostanoids). Several panel members reported 
success with the use of oral medical therapies including the 
ERA bosentan and the PDE-5i sildenafil in patients with 
inoperable CTEPH, or with residual PH post-PEA; this clin-
ical experience was also considered. However, the panel dis-
cussed the low likelihood of direct benefit to the individual 
patient and only limited potential overall impact of PAH 
therapies on morbidity and mortality in CTEPH patients 
given the low-grade evidence that only indirectly addresses 
the clinical question. The low burden of adherence and over-
all minimal adverse effects of oral PH-specific therapy were 
recognized in addtion to the lack of any cost-effectiveness 
data. There was a lack of clinical experience with prostanoid 
PAH therapy. Moreover, specifically for parenteral prostanoids 
(eg, intravenous epoprostenol and subcutaneous/intravenous 
treprostinil), a higher burden of adherence and serious adverse 
effects were considered, and a consensus that such therapies 
were currently not cost effective.

As a result, there was consensus for weak recommendations.

Clinical question 
Should patients with inoperable CTEPH be treated with 
PH-specific medications (ERAs, PDE-5is or prostanoids) to 
improve clinical outcomes? 

Recommendations 21, 22 and 23
•	 We	 suggest	 ERA	 monotherapy	 in	 patients	 with	

symptomatic, inoperable CTEPH to improve symptoms 
and exercise capacity, short-term hemodynamics and, 
possibly, survival (grade of recommendation: 2C). This 
recommendation currently applies only to the ERA 
bosentan becauses there are no data available to assess 
the potential benefits of other ERAs (eg, sitaxsentan and 
ambrisentan). 

•	 We	 suggest	 PDE-5i	 monotherapy	 for	 patients	 with	
symptomatic, inoperable CTEPH to improve short-term 
hemodynamics and WHO functional class and, possibly, 
long-term exercise capacity and HRQoL (grade of 
recommendation: 2C). This recommendation currently 
applies only to the PDE-5i sildenafil becauses there are 
no data available to assess the potential benefits of other 
PDE-5is (eg, tadalafil and vardenafil).  

•	 We	 suggest	 monotherapy	 with	 parenteral	 prostanoids	
(eg, intravenous epoprostenol and subcutaneous/
intravenous treprostinil) could be considered in patients 
with symptomatic, inoperable CTEPH (grade of 
recommendation: 2C).  

As a result, there was consensus for weak recommendations.
The panel noted that the benefits following sildenafil 

therapy were all achieved at doses greater than the currently 
approved PAH dose in Canada of 20 mg three times daily, and 
that there were no data supporting efficacy of this dose in 
CTEPH. There is insufficient evidence to currently recom-
mend other prostanoids (eg, inhaled iloprost or treprostinil, 
or oral beraprost), but they may be of benefit in individual 
patients. The panel notes that inhaled or oral prostanoids are 
presently not approved or available in Canada.

Although PH-specific medical therapy may not necessarily 
improve short- or long-term clinical outcomes in all CTEPH 
patients, this approach may be of benefit in stabilizing indi-
vidual CTEPH patients over the short-term until definitive 
treatment such as lung transplantation.

3. Combination PH-specific medical therapy in CTEPH 
patients
Clinical question: Should symptomatic CTEPH patients who 
are inoperable or experience residual PH post-PEA surgery 
receive PH-specific combination therapy to improve clinical 
outcomes?
introduction: The clinical benefits of monotherapy with individ-
ual PH-specific medications have been demonstrated in certain 
subgroups of PAH patients. However, none of these agents cure 
PH, and many patients still have severe disease, remain very lim-
ited functionally, and have significant morbidity and high mortal-
ity despite monotherapy. Combinations of two or more 
disease-specific medications are increasingly being studied in addi-
ton to being used clinically in patients with PAH. Combination 
therapy is also potentially beneficial in CTEPH patients.
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TablE 8
Effects of pulmonary hypertension (PH)-specific monotherapy in inoperable chronic thromboembolic PH (CTEPH) patients
author  
(reference), year Design Patients Intervention Comparator Significant outcomes

McLaughlin et al 
(160),1999

Case series n=3, subgroup of CTEPH in 
study of PH (n=33)

iv epoprostenol 
for 12 months

None *Entire	group:	decreased	PVR	(–50%)

Machherndl et al 
(167), 2001

Case series n=2, subgroup in study of 
PH (n=12)

inh iloprost  
100–150 µg/day 
× 4–18 months

None Decreased 6MWD (–189 m); increased PVR (+27%), 
decreased CI (–10%); no change in WHO FC

Olschewski	et	al	
(146), 2002

DB, PC, RCT n=33, subgroup of CTEPH 
in	study	of	non-IPAH	
(n=50) and IPAH (n=51)

inh iloprost 30 µg/day, 
divided 6–9 doses 
×	12	weeks

n=24, placebo *Entire	group:	OR	3.97	for	improved	6MWD	>10%	and	
improved WHO FC; “no heterogeneity” between types 
of	PH;	non-IPAH	group	(including	CTEPH):	overall,	no	
change in 6MWD or WHO FC

Bharani et al 
(145), 2003

DB, PC, 
crossover 
RCT

n=1, subgroup in study of 
CTEPH (n=10)

Sildenafil 25 mg tid 
×	2	weeks

Placebo Decreased	echo-RVSP;	improved	6MWD,	BDI	score

Ghofrani et al 
(156), 2003

Case series n=12 Sildenafil 50 mg tid 
× 6.5 months

None Improved 6MWD (+54 m); decreased PVRI (–30%), 
increased CI (+20%)

Ono et al (164), 
2003

Retrospective 
cohort

n=20 Beraprost 132 µg/day, 
divided	tid-qid 
× 44–58 months

n=23, 
conventional 
therapy

Improved WHO FC in 50%; decreased TPR (–16%) 
Survival 100%, 85%, 76% versus 87%, 60%, 46% at 
1,3,5 years in beraprost versus comparator

Ono et al (165), 
2003

Case series n=8, subgroup in study of 
n=18

Beraprost 143 µg/day  
× 2.3 months

None *Entire	group:	Improved	WHO	FC	in	56%,	decreased	
PVR (–17%), decreased BNP levels

Scelsi et al (158), 
2004

Case series n=11, subgroup in study of 
PH (n=27)

iv epoprostenol 
× 12 months

None Improved 6MWD; improved LVED on echo

Hoeper et al 
(150), 2005

Case series n=15, subgroup in study of 
CTEPH (n=19)

Bosentan 125 mg bid 
× 3 months

None Entire group: Improved 6MWD (+73 m), decreased PVR 
(–33%),	increased	CO	(+18%),	decreased	NT-pro-BNP	 
levels; no change in VO2max, WHO FC

Bonderman et al 
(148), 2005

Case series n=14; inoperable, severe 
comorbidity, or refused 
PEA

Bosentan 125 mg bid 
× 6 months

None Improved	6MWD	(+92	m);	decreased	NT-BNP	levels

Sharma et al 
(178), 2005

Case reports n=2; not treated with PEA Bosentan 125 mg bid None Improved 6MWD and WHO FC

Sheth et al (155), 
2005

Case-series n=6 Sildenafil 50 mg tid 
×	6	weeks

None Decreased mPAP; no change in PVR, CI and echo 
 parameters; improved WHO FC and MRC dyspnea

Hughes et al 
(147), 2005

Case series n=15, subgroup in study of 
CTEPH (n=20)

Bosentan 125 mg bid 
× 3 months

None Improved 6MWD (+45 m); decreased PVR (–28%), 
increased CO (+21%)

Hughes et al 
(151), 2006

Case series n=39, subgroup in study of 
CTEPH (n=47)

Bosentan 125 mg bid 
× 12 months

None Improved 6MWD (+52 m) and WHO FC (24%); 
decreased TPR (–12%), increased CI (+10%);  
survival 96%, 86% at 1, 2 years, repectively

Andreassen et al 
(179), 2006 

Case-series n=19†, subgroup of CTEPH 
in study of PH (n=61)

Various: inhaled or iv 
prostanoids, oral 
ERAs or sildenafil

n=10,	age/sex-	
matched

*Entire	group:	NT-pro-BNP	level	independent	predictor	of	
mortality on multivariate analysis

Kourouklis	et	al	
(180), 2006

Case report n=1 Bosentan 125 mg bid 
× 9 months

None Decreased RVSP (90 mmHg to 75 mmHg); improved 
WHO FC (IV to III)

Lang et al (163), 
2006

Case series n=18, subgroup in study of 
CTEPH (n=23) among PH 
(n=122)

sc treprostinil  
16–84	ng/kg/min 
× 3–57 months

None *Entire	group:	Improved	6MWD	(+65	m)	and	WHO	FC	
(–0.7); survival 89%, 71%, 66% at 1, 3 and 4 years;  
10% discontinued

Vizza	et	al	(166),	
2006

Case control n=8 Beraprost 275 µg/day 
× 6 months

n=8, IPAH 
matched for 
6MWD

Improved 6MWD (+61 m) versus IPAH (+44 m); improved 
WHO FC in both groups

Cabrol et al (159), 
2007

Case series n=27 iv epoprostenol  
× 3–20 months

None Improved 6MWD (+66 m) and WHO FC (48%); 
decreased TPR (–22%), increased CI (+21%); survival 
73%, 59%, 41% at 1, 2 and 3 years, respectively

Madden et al 
(153), 2007

Case series n=6; “unsuitable for PEA”, 
subgroup of CTEPH in 
larger study of PH (n=16)

Sildenafil 50 mg tid 
× 2–22 months

None *Entire	group:	improved	6MWD,	CI,	PVR	at	2	months	
and LT

Reichenberger  
et al (157), 2007 

Case series n=104 Sildenafil 50 mg tid 
× 3–12 months

None Improved 6MWD (+51,+56m) at 3,12 months; reduced 
PVR (–12%) and CI (–14%); no change in WHO FC

Seyfarth et al 
(152), 2007

Case series n=10, subgroup in study of 
CTEPH (n=12)

Bosentan 125 mg bid 
×	≤24	months

None *Improved	6MWD	and	Tei	index;	improved	WHO	FC	from	
III to II (n=6); no deaths, no discontinuations at  
24 months
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key evidence: No studies that rigorously addressed the clin-
ical benefit of combination medical therapy in CTEPH 
patients were identified, although various combinations of 
PH-specific therapy have been reported in a small number of 
CTEPH patients. In one study (169), the effects of combina-
tion PH-specific therapy were assessed in patients with differ-
ent types of PH including CTEPH, but specific data in the 
CTEPH patients were not reported; therefore, no conclusions 
regarding efficacy in these subjects can be drawn. The com-
bination of oral beraprost and vardenafil specifically improved 
WHO functional class in two CTEPH patients, while pul-
monary hemodynamics and BNP levels were also improved in 
the group of five patients with PH as a whole (170). In 
another case series of 15 bosentan-treated CTEPH patients 
who were either inoperable or refused PEA (149), six of the 
subjects continued previous therapy with inhaled iloprost. 
However, no specific data on the benefits of bosentan mono-
therapy versus combination therapy were provided. A small 
case series (171) reported improved pulmonary hemodynam-
ics over one year following addition of oral dipyridamole or 
sildenafil in three patients with severe inoperable CTEPH 
(WHO class III or IV) who were clinically deteriorating 
despite therapy with inhaled nitric oxide for one year (171).

Presently, these combinations of medical therapies are not 
often clinically used or available, and the specific benefits of com-
bination versus monotherapy have not been rigorously assessed.

The recommendation informing this question is based on this 
low-grade evidence and the consensus of the expert panel.
Expert panel synthesis of clinical judgment: The panel rec-
ognized that the low-grade evidence only indirectly assesses 
the benefits of combination PH-specific medical therapy in 
inoperable CTEPH patients. In addition, panel members 
reported limited clinical experience with this approach in 
CTEPH patients. The panel discussed the potential likelihood 
for greater adverse effects, a higher burden of adherence, and 

the greater cost with combination PH-specific therapy, espe-
cially for treatment regimens that include parenteral prostan-
oids. Although there is the likelihood for some direct health 
benefit to the patient, the current evidence is insufficient to 
delineate the impact of combination therapy on morbidity 
and mortality in CTEPH patients.

As a result, there was consensus for a strong negative 
recommendation.

Clinical question
Should symptomatic CTEPH patients who are inoperable or 
experience residual PH post-PEA receive PH-specific com-
bination therapy to improve clinical outcomes? 

Recommendation 24
•	 We	do	not	currently	recommend	the	routine	clinical	use	

of combination PH-specific therapy in patients with 
inoperable CTEPH or residual PH post-PEA (grade of 
recommendation: 1C).  

The panel emphasized that combination PH-specific 
therapy may be effective in specific individuals or in specific 
circumstances, such as in supporting a patient as a bridge to 
lung transplantation. In these individual circumstances, com-
bination PH-specific therapy may be considered.
Areas for future research: PH-specific medical therapy has 
been of significant clinical benefit in many patients with PAH. 
There is the potential for similar clinical benefit in CTEPH 
patients with residual PH post-PEA surgery or inoperable 
CTEPH patients. Indeed, many CTEPH patients have bene-
fited since the institution of PH-specific medical therapy.

Presently, the evidence supporting medical therapy for 
patients with CTEPH remains limited. Therefore, the panel sup-
ports further clinical research into the benefits and risks of 
PH-specific medical therapy in CTEPH patients, especially 

TablE 8 – continued
Effects of pulmonary hypertension (PH)-specific monotherapy in inoperable chronic thromboembolic PH (CTEPH) patients
author  
(reference), year Design Patients Intervention Comparator Significant outcomes
Ulrich et al (149), 

2007
Case series n=15; inoperable or refused 

PEA
Bosentan 125 mg bid 

× 6 months
None Improved 6MWD and QOL; improved WHO FC (n=4); 

decreased mPAP and PVR, increased CI
Skoro-Sajer	et	al	

(162), 2007
Case control n=17, subgroup in study of 

CTEPH (n=25)
sc treprostinil  
21	ng/kg/min	 
×19 months

n=31 matched, 
historical 
cohort

Improved 6MWD (+59 m, +105 m) at 6, 12 months; 
decreased PVR (–13%) and CI (–14%); survival 80%, 
80%, 53% versus 67%, 37%, 16% at 1, 3 and 5 years, 
repectively, in treprostinil versus comparator

Rossi et al (154), 
2008

Case series n=9 Sildenafil 25–100 mg 
tid × 6 months

None Improved 6MWD, mPAP, PVR, CI and RAP; improved 
WHO FC

Suntharalingam et 
al (144), 2008

PC RCT; 
LT open 
label,  
crossover

n=10, subgroup in study of 
CTEPH (n=19)

Sildenafil 40 mg tid 
× 3–12 months

RCT: placebo 
LT open 
label: none

RCT: decreased PVR (–24%), Improved WHO FC;  
no	change	in	QOL,	6MWD,	CI	or	NT-pro-BNP	levels 
Open label: improved 6MWD (+36 m), decreased PVR 
(–21%) and CI (–9%); decreased CAMPHOR symptom/
activity	and	NT-pro-BNP	levels	(–189)

Jaïs et al (141), 
2008

DB, PC, RCT n=47, subgroup in study of 
CTEPH (n=77)

Bosentan 125 mg bid 
×	16	weeks

n=49, placebo Decreased PVR (–24%); decreased BDI (–0.6 units);  
no change in CI, 6MWD, WHO FC, TCW; decreased 
NT-pro-BNP	levels	(–622)

Unless otherwise indicated, the  number of patients refers specifically to inoperable CTEPH patients.*No specific data on treatments or outcomes in CTEPH patients; 
†CTEPH patients not characterized as inoperable versus residual PH postpulmonary endarterectomy (PEA). 6MWD 6 min walk test distance; BDI Borg dyspnea index; 
bid Twice daily; CAMPHOR Cambridge PH Outcome Review; CI Cardiac index (L/min); CO Cardiac output; DB Double blinded; echo Echocardiography; ERA Endothelin-
receptor antagonist; FC Functional class; inh Inhaled; IPAH Idiopathic pulmonary arterial hypertension; iv Intravenous; LT Long term; LVED Left ventricular end diastolic; 
mPAP Mean pulmonary arterial pressure; MRC Medical Research Council; NT-pro-BNP N-Terminal probrain natriuretic peptide (pg/mL); PC Placebo controlled; PVR 
Pulmonary vascular resistance; PVRI PVR index; qid Four times daily; QOL Quality of life; RAP Right atrial pressure; RCT Randomized controlled trial; RVSP Right ven-
tricular systolic pressure; sc Subcutaneous; TCW Time to clinical worsening; tid Three times daily; TPR Total peripheral resistance; VO2max Maximal oxygen uptake
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longer term studies of clinically significant outcomes. The panel 
also recommends that such patients be considered for clinical 
research trials of current and future PH-specific medications 
both as monotherapy and in combination therapy. The design of 
future trials should permit analysis separately for patients with 
residual PH post-PEA versus those with inoperable CTEPH, 
given that these are distinct subpopulations of CTEPH.

4. Balloon angioplasty in patients with CTEPH
Clinical question: Should patients with surgically accessible 
CTEPH who are not eligible for PEA undergo balloon angio-
plasty of the pulmonary arteries to improve clinical outcomes?
introduction: Some patients with CTEPH, despite proximal 
large pulmonary artery (main, lobar or segmental) occlusions, 
are not candidates for PEA surgery or refuse to undergo PEA. 
In these patients, catheter-directed balloon angioplasty may 
be a therapeutic option to relieve pulmonary arterial obstruc-
tion and improve the degree of PH.
key evidence: One uncontrolled case series of 18 patients 
(172) and a single case report (173) both demonstrated short-
term improvements in pulmonary hemodynamics, WHO 
functional class and exercise capacity. An average of 2.6 pro-
cedures (range one to five) and six dilations (range one to 12) 
were performed. Eleven of the 18 patients in the case series 
and the single patient in the case report developed reper-
fusion pulmonary edema, and one patient died from RV fail-
ure. There was no information on medical treatment before 
or following angioplasty.

Thus, the recommendation informing this question is based 
on weak evidence and the consensus of the expert panel.
Expert panel synthesis of clinical judgment: The low grade 
of evidence was emphasized. Possible direct health benefit in 
the individual patient was recognized, but limited long-term 
overall impact on morbidity and mortality in a CTEPH popu-
lation was anticipated. Moreover, the indirect nature of the 
evidence supporting angioplasty, and the moderate to serious 
adverse effects including mortality, unclear burden of adher-
ence and inconclusive economic effects were also discussed.

As a result, there was consensus for a weak recommendation.

Clinical question 
Should patients with surgically accessible CTEPH who are 
not eligible for PEA undergo balloon angioplasty of the pul-
monary arteries to improve clinical outcomes? 

Recommendation 25
•	 We	 suggest	 that	 balloon	 pulmonary	 angioplasty	 be	

considered in patients with surgically accessible CTEPH 
who are ineligible for PEA to improve pulmonary 
hemodynamics, WHO functional class and exercise 
capacity (grade of recommendation: 2C). 

The panel strongly emphasized that eligibility for PEA and 
for angioplasty be determined in a centre experienced with 
CTEPH, and in consultation with a PEA surgeon. Balloon 
angioplasty is currently not available in a Canadian centre.

E. Consideration of transplantation in CTEPH patients
1. Referral of CTEPH patients for lung transplantation
Clinical question: Should WHO functional class III/IV 
CTEPH patients who are inoperable or have residual PH 

post-PEA be referred for lung transplantation to improve 
clinical outcomes?
introduction: In many patients with end-stage lung disease 
including PH, lung transplantation is an important treat-
ment modality that improves both HRQoL and survival. 
Lung transplantation may also be of clinical benefit in 
CTEPH patients.
key evidence: Although no studies that specifically addressed 
this clinical question were identified, patients with CTEPH 
have been included in studies of lung transplantation for PH, 
and in reports of international transplantation societies 
(174). Median survival for idiopathic PAH patients under-
going lung transplantation is 5.6 years.

Thus, the recommendation informing this question is 
based on the consensus of the expert panel.
Expert panel synthesis of clinical judgment: The lack of 
any direct evidence in favour of lung transplantation over 
medical therapy, specifically in CTEPH patients, was appre-
ciated. However, the potentially significant health benefits 
of lung transplantation, and a high impact on morbidity and 
mortality in selected CTEPH patients was emphasized. 
Many panel members had personal experiences with very 
successful lung transplantation in CTEPH patients. The 
panel also recognized the potential for serious adverse effects 
and a high burden of adherence for patients undergoing lung 
transplantation, in addition to inconclusive cost effective-
ness. The consensus of the panel was that the clinical out-
comes and risks of lung transplantation are in CTEPH 
patients and patients with other types of PH are similar.
As a result, there was consensus for a strong recommendation.

Clinical question
Should WHO functional class III/IV CTEPH patients who 
are inoperable or have residual PH post-PEA be referred for 
lung transplantation to improve clinical outcomes?

Recommendation 26
•	 We	recommend	that	CTEPH	patients	who	are	inoperable	

or experience residual PH post-PEA and who remain in 
WHO functional class III or IV, despite optimal medical 
therapy, be referred for evaluation for lung transplantation 
(grade of recommendation: 1C). Because there can be 
significant delays until transplantation, early referral is 
important. 

Areas for future research: The panel supports the collection 
and reporting of data specifically in CTEPH patients under-
going lung transplantation to confirm long-term benefit with 
regard to clinically significant outcomes. Further information 
on comparative outcomes between medical management and 
transplantation for CTEPH patients will be helpful in future 
clinical decision making. Future study to identify specific 
predictors of survival in CTEPH patients post-transplantation 
would also be clinically helpful.

SECTion V: DiAGnoSiS AnD MAnAGEMEnT 
oF CTEPH: SuMMARY oF RECoMMEnDATionS 

(TABlE 9)
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TablE 9
Diagnosis and management of CTEPH: Summary of recommendations

DIaGNOSIS OF CTEPH
Early detection of CTEPH in patients with acute pulmonary thromboembolism
Clinical question Recommendation(s) GRaDE
Screening for CTEPH in 

asymptomatic patients after 
acute venous 
thromboembolic event

1. We do not suggest routine echocardiographic screening for CTEPH in asymptomatic patients following an acute 
venous thromboembolic event.

2.	We	do	not	suggest	routine	follow-up	imaging	(V/Q,	CT	or	MR)	as	a	screening	tool	for	CTEPH	in	asymptomatic	
patients following an acute venous thromboembolic event.

2C
 

2C

assessment of the possible contribution of CTEPH in patients with PH
Clinical question Recommendation(s) GRaDE
Nuclear V/Q lung scanning 

versus CT pulmonary 
angiography to rule out CTEPH

3. We recommend nuclear V/Q lung scanning instead of CT pulmonary angiography as a screening test to rule out 
the possibility of CTEPH in patients diagnosed with PH. A normal V/Q scan effectively rules out the possibility of 
CTEPH.

1C

Nuclear V/Q lung scanning to 
assess the surgical 
accessibility of CTEPH

4. We recommend that the results of a V/Q lung scan should not be used to assess the anatomical extent of 
potentially surgically accessible CTEPH.

1C

CT or MR pulmonary 
angiography versus 
conventional pulmonary 
angiography to assess surgical 
accessibility of CTEPH

5. We suggest the routine clinical use of a positive CT pulmonary angiogram to assess the anatomical extent of 
surgically accessible CTEPH. A negative CT pulmonary angiogram does not effectively rule out the presence of 
surgically accessible CTEPH, which is better assessed by contrast pulmonary angiography.

6. We do not suggest the routine use of MR pulmonary angiography in the preoperative assessment of patients with 
CTEPH.

2C
 
 

2C

MEDICal aND SURGICal MaNaGEMENT OF CTEPH
General medical management of CTEPH patients
Clinical question Recommendation(s) GRaDE
Chronic anticoagulation 7.	We	suggest	that	all	CTEPH	patients,	including	patients	who	do	not	undergo	PEA	and	patients	post-PEA	surgery,	be	

chronically anticoagulated.
2C

Calcium-channel	blocker	
therapy

8.	We	strongly	recommend	against	the	use	of	high-dose	calcium	channel	blockers	in	patients	with	CTEPH. 1C

Digoxin therapy 9.	We	do	not	suggest	routine	digoxin	therapy	in	patients	with	CTEPH.	The	expert	panel	recognized	that	in	selected	
CTEPH patients with RV failure or atrial arrhythmias, digoxin may be of some limited benefit.

2C

Supplemental nocturnal/
exertional oxygen therapy

10. In patients with CTEPH who manifest isolated nocturnal and/or exertional oxygen desaturation, there was no expert 
consensus on a recommendation for or against the use of supplemental oxygen. Treatment with supplemental 
oxygen is clearly indicated for CTEPH patients who manifest hypoxaemia at rest.

–

Cardiopulmonary exercise 
rehabilitation

11. We suggest cardiopulmonary exercise rehabilitation in CTEPH patients. 2C

Use of IVC filters 12. There was no expert consensus on a recommendation for or against the routine use of IVC filters in patients with CTEPH. –
Management of CTEPH patients before PEa surgery
Clinical question Recommendation(s) GRaDE
Parenteral prostanoid therapy 
in	CTEPH	patients	pre-PEA	
surgery

13.	We	suggest	pre-PEA	treatment	with	intravenous	epoprostenol	in	selected	patients	with	severe	surgically	accessible	
CTEPH	(WHO	class	III	or	IV,	with	PVR	>1200	dyne•s/cm5, and/or RV failure) because this may improve 
hemodynamics	and	operability.	The	decision	to	institute	pre-PEA	parenteral	epoprostenol	therapy	should	be	at	the	
discretion of a centre with experience treating CTEPH patients, in consultation with a PEA surgeon.

2C

Oral	PH-specific	medical	
therapy in CTEPH patients 
pre-PEA	surgery

14.	We	do	not	currently	recommend	for	or	against	the	use	of	oral	PH-specific	medical	therapy	in	CTEPH	patients	who	
are	being	considered	for	PEA.	The	panel	emphasized	that	a	decision	to	treat	CTEPH	patients	with	oral	PH	
medications should not delay referral to an expert centre for consideration of PEA in patients with surgically 
accessible CTEPH because such a delay may adversely impact the clinical outcome.

–

PEa in CTEPH patients
Clinical question Recommendation(s) GRaDE
PEA in patients with surgically 

accessible CTEPH
15. We recommend PEA as the treatment of choice in patients with surgically accessible CTEPH. 1C

PEA in patients with distal 
CTEPH

16. We suggest that patients with distal CTEPH be considered for PEA on an individual basis at a center experienced 
with PEA.

2C

Post-PEA	long-term	follow-up	
in a PH centre

17.	We	suggest	that	post-PEA	CTEPH	patients	may	benefit	from	long-term	follow-up	in	a	PH	expert	centre. 2C

PH-specific	medical	therapy	in	
CTEPH patients with residual 
PH	post-PEA	surgery

18.	We	suggest	ERA	monotherapy	in	patients	with	symptomatic,	residual	PH	post-PEA.	This	recommendation	currently	
applies only to the ERA bosentan because there are no data available to assess the potential benefits of other 
ERAs (eg, sitaxsentan and ambrisentan) in CTEPH patients.

19.	We	suggest	PDE-5i	monotherapy	in	patients	with	symptomatic,	residual	PH	post-PEA.	This	recommendation	
currently	applies	only	to	the	PDE-5i	sildenafil	because	there	are	no	data	available	to	assess	the	potential	benefits	
of	other	PDE-5i’s	(eg,	tadalafil	and	vardenafil)	in	CTEPH	patients.

20. We suggest that parenteral prostanoid monotherapy could be considered in specific patients with symptomatic, 
residual	PH	post-PEA	in	whom	oral	PH-specific	therapy	has	not	been	effective	or	was	not	tolerated.	This	
recommendation currently applies only to the parenteral prostanoids (eg, intravenous epoprostenol and 
subcutaneous/intravenous treprostinil) because there are no data available to assess the potential benefits of oral 
(eg, beraprost) or inhaled (eg, iloprost, treprostinil) prostanoids.

2C
 
 

2C
 
 

2C
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APPEnDiX 1: liTERATuRE SEARCH STRATEGY
The following literature databases were searched:
•	 MEDLINE	(OVID:	1960	through	October	2008),
•	 EMBASE	OVID:	(1960	through	October	2008),
•	 the	Cochrane	Library	(OVID;	Issue	3,	2008),
•	 the	Canadian	Medical	Association	InfoBase,	and
•	 the	National	Guideline	Clearinghouse.
•	 Reference	lists	of	identified	papers	and	recent	review	

articles were also reviewed for additional citations.

The literature search of the electronic databases combined 
the following MeSH heading terms and text search terms to 
identify the body of published evidence on chronic thrombo-
embolic PH related to the following:

1. pulmonary hypertension,

2. thromboemboli* or thrombo-emboli* or CTEPH or 
CTPH or VTE or pulmonary embolism or deep vein 
thrombosis or DVT

3. 1 AND 2

ConTRiBuToRS: All authors contributed substantially to the 
literature review, data abstraction, draft recommendations, writing 
and revision of the article. All authors approved the final version 
for publication.

DiSCloSuRE oF CoMPETinG inTERESTS: Members of 
the CTS Pulmonary Vascular Diseases Expert Committee declared 
potential conflicts of interest at the time of appointment, and 
these were updated throughout the development process in accor-
dance with the CTS Conflict of Interest Disclosure Policy. 
Collectively, physicians on the CTS Pulmonary Vascular Diseases 
Expert Committee have on at least one occasion acted as consultants 
for, received research funds from, or received speaker’s fees from phar-
maceutical companies. Committee members did not receive any 
direct or indirect funding from external sources in the development of 
this document.

FunDinG: The CTS receives unrestricted grants which are com-
bined into a central operating account to facilitate the production, 
dissemination and implementation activities of CTS Guideline 
Committees from the Canadian Institutes of Health Research, 
AstraZeneca Canada, GlaxoSmithKline Inc, Pfizer Canada and 
Boehringer Ingelheim Canada.

No sponsors played a role in the collection, review, analysis or 
interpretation of the scientific literature or in any decisions 
regarding the key messages presented in this document. As such, 
the CTS Pulmonary Vascular Diseases Expert Committee is func-
tionally and editorially independent from any funding sources of 
the CTS, and is accountable to the CTS Respiratory Guidelines 
Committee and the CTS Board of Directors.

ACknoWlEDGEMEnTS: The authors thank the Canadian 
Thoracic Society for their invaluable administrative support, including 
specifically Director Janet Sutherland, and Guidelines Coordinators 
Elena Goubanova, Stella Muthuri and Candice Brown. This guideline 
was developed under the aegis of the CTS Canadian Respiratory 
Guidelines Committee, and we specifically thank the Chair, Dr Louis-
Philippe Boulet and Dr Samir Gupta for their expertise and guidance 
throughout the guidelines process. Kelly Lang-Robertson, MLIS pro-
vided advice and literature search expertise. Tom Oliver was instrumen-
tal with advice on guideline and consensus methodological issues. The 
authors also thank our Canadian and International PH Expert Peer 
Reviewers: Dr Zoheir Bshouty (Winnipeg), Dr Pungi Dorasamy 
(Hamilton), Dr Kristina Kemp (Moncton), Dr Donna Maziak (Ottawa, 
for the Canadian Association of Thoracic Surgeons), Dr William 
Geerts (Hamilton, for the Thrombosis Interest Group of Canada), Dr 
Irene Lang (Vienna, Austria) and Dr Peter Fedullo (San Diego, USA).

TablE 9 - CONTINUED
Diagnosis and management of CTEPH: Summary of recommendations
Management of patients not eligible for PEa
Clinical question Recommendation(s) GRaDE
PH-specific	medical	therapy	in	

patients with inoperable 
CTEPH

21. We suggest ERA monotherapy in patients with symptomatic, inoperable CTEPH to improve symptoms and exercise 
capacity,	short-term	hemodynamics	and,	possibly,	survival.	This	recommendation	currently	applies	only	to	the	ERA	
bosentan because there are no data available to assess the potential benefits of other ERAs (eg, sitaxsentan and 
ambrisentan).

22.	We	suggest	PDE-5i	monotherapy	in	patients	with	symptomatic,	inoperable	CTEPH	to	improve	short-term	
hemodynamics	and	WHO	functional	class,	and	possibly	long-term	exercise	capacity	and	HRQoL.	This	
recommendation	currently	applies	only	to	the	PDE-5i	sildenafil	because	there	are	no	data	available	to	assess	the	
potential	benefits	of	other	PDE-5is	(eg,	tadalafil	and	vardenafil).

23. We suggest monotherapy with parenteral prostanoids (eg, intravenous epoprostenol, subcutaneous/intravenous 
treprostinil) could be considered in patients with symptomatic, inoperable CTEPH.

2C
 
 
 

2C
 
 
 

2C

Combination	PH-specific	medical	
therapy in CTEPH patients

24.	We	do	not	currently	recommend	routine	clinical	use	of	combination	PH-specific	therapy	in	patients	with	inoperable	
CTEPH	or	residual	PH	post-PEA.

1C

Balloon angioplasty in patients 
with CTEPH

25. We suggest that balloon pulmonary angioplasty be considered in patients with surgically accessible CTEPH who 
are ineligible for PEA to improve pulmonary hemodynamics, WHO functional class and exercise capacity.

2C

Consideration of transplantation in CTEPH patients
Clinical question Recommendation(s) GRaDE
Referral of CTEPH patients for 

lung transplantation
26.	We	recommend	that	CTEPH	patients	who	are	inoperable	or	have	residual	PH	post-PEA	and	who	remain	in	WHO	

functional class III or IV, despite optimal medical therapy, be referred for evaluation for lung transplantation. 
Because there can be significant delays until transplantation, early referral is important.

1C
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Epidemiology

4. 2 AND ([time course or resolution] or [dyspnea or exercise 
limitation] or [V/Q or ventilation-perfusion or 
ventilation:perfusion] ADJ [scan or lung scan]) or (CT 
scan or CAT scan or computed tomogram*) or (MRA or 
MR angiogram or magnetic resonance scan or MR scan or 
MRI or magnetic resonance angiogram or angiogra* or 
pulmonary angiogra*) or (echo or echocardiogra*) or 
catheterization or hemodynamics or RVSP or right 
ventricular systolic pressure or PAP or pulmonary artery 
pressure or PVR or pulmonary vascular resistance or 
cardiac output or CO or cardiac index or CI or RAP or 
right atrial pressure or central venous pressure or CVP or 
SVO2 or mixed-venous or mixed venous) ]

5. 3 AND ([incidence or prevalence or frequency or 
diagnosis] or [massive or sub-massive or acute or sub-acute 
or gender or age or race or ethnic])

6. 3 AND ([thrombophilia or hypercoagulability or 
coagulopathy or predisposing factor or risk factor or 
associated factor or idiopathic] or [splenectomy or lupus 
inhibitor or lupus anticoagulant or antiphospholipid or 
anti-phospholipid or anti-thrombin or protein C or 
protein S or Factor V Leiden or prothrombin 20210A or 
prothrombin variant or Factor VIII or homocysteine or 
fibrinogen or lipoprotein] or [splenectomy or ventriculo-
atrial shunt or inflammatory disease or inflammatory 
disorder or osteomyelitis or inflammatory bowel disease or 
myeloproliferative disease or blood group or HLA or 
hypothyroidism or thyroid disease or malignancy or 
cancer])

Diagnosis

7. 3 AND ([diagnosis or screening] or ([V/Q or ventilation-
perfusion or ventilation:perfusion]) ADJ ([scan or lung 
scan]) or (CT scan or CAT scan or computed tomogra*) 
or (magnetic resonance scan or MR scan or MRI or 
magnetic resonance angiogram or MR angiogram or MRA 
or angiogra* or pulmonary angiogra*])

8. 3 AND ([echo or echocardiogra*] or catheterization or 
hemodynamics or right ventricular systolic pressure or 
RVSP or pulmonary artery pressure or PAP or pulmonary 
vascular resistance or PVR or cardiac output or CO or 
cardiac index or CI or right atrial pressure or RAP or 
central venous pressure or CVP or SVO2 or mixed-venous 
or mixed venous])

Therapy

9. 3 AND ([severity or outcomes or survival or mortality or 
clinical worsening or deterioration] or [dyspnea or edema 
or hypotension or blood pressure or shock or exercise 
capacity or functional capacity or quality of life or quality-
of-life or QOL or HRQoL or SF-36 or CRQ or 
CAMPHOR] or [WHO or NYHA or functional class or 
return to work])

10. 3 AND ([eligibility or operability or postoperative or post-
operative or perioperative or peri-operative])

11. 3 AND ([surgery or PEA or PTE or endarterectomy or 
end-arterectomy or thromboendarterectomy or thrombo-
endarterectomy or Jamieson or surgically accessible or 
proximal or distal])

12. 3 AND ([therapy or monotherapy or treatment or 
medication or antagonist or inhibitor or blocker or 
analogue] or [CCB or calcium channel or calcium-
channel or nifedipine or diltiazem or amlodipine] or [ERA 
or endothelin-receptor or endothelin receptor or bosentan 
or sitaxsentan or sitaxentan or ambrisentan] or [PDE or 
phosphodiesterase or sildenafil or tadalafil or vardenafil] 
or [prostaglandin or prostacyclin or epoprostenol or 
treprostinil or iloprost or beraprost])

13. 3 AND ([combination or goal oriented or goal-oriented 
or goal directed or goal-directed] adj [therapy or 
treatment])

14. 3 AND ([(lung or pulmonary or heart-lung or heart lung) 
and [transplant*] or international society or ISHLT or 
United network for organ sharing or UNOS)

15. 3 AND ([idiopathic or primary] adj [pulmonary 
hypertension or pulmonary arterial hypertension or PAH] 
or PAH or IPAH or PPH])

16. 3 AND ([(Inferior vena cava or IVC or superior vena cava 
or SVC or Greenfield or Nitinol) and (filter)]) or 
(Retroperitoneal hemorrhage or retroperitoneal bleed* or 
filter migration or filter embolization or post-phlebitic or 
postphlebitic)

17. 3 AND ([anticoagula*] or [international normalized ratio 
or INR or coumadin or warfarin or dicoumarol or 
dicumarol] or [heparin or low molecular weight or LMW 
or tinzaparin or enoxaparin or dalteparin or fragiparin] or 
[bleed* or hemorrhag* or haemorrhag*])

18. 3 AND ([Pulmonary artery thrombosis or pulmonary 
thrombosis or recurrent or recurrence])

19. 3 AND ([digoxin or lanoxin or digitalis]) or [arrhythmia 
or dysrhythmia or fibrillation or flutter or tachycardia or 
atrial or ventricular])

20. 3 AND ([balloon or pulmonary artery] and [angioplasty or 
dilatation])

21. 3 AND ([desaturation or hypox* or oxygen])

22. 3 AND ([medical or pulmonary hypertension or PH] adj 
[centre or clinic or expert or physician])

23. 3 AND ([exercise or training or aerobic or rehabilitation 
or fitness]) AND Limits: Humans, English/ or French/, All 
Adult: 16+ years

AND inclusion/exclusion criteria ([“systematic review*” 
OR “systematic literature review*” OR meta-analysis 
[pt] OR meta-analysis [ti] OR metaanalysis [ti] OR 
meta-analyses [ti] OR evidence-based medicine OR 
(evidence-based AND (guideline* [tw] OR 
recommendation*)) OR (evidenced-based AND 
[guideline* (tw) OR recommendation*]) OR 
consensus development conference [pt] OR guideline 
[pt] OR cochrane database syst rev OR acp journal 
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