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Abstract
Introduction: Chronic thromboembolic pulmonary hypertension (CTEPH) is a 

known sequela after acute pulmonary embolism (PE). It is a debilitating disease,  
and potentially fatal if left untreated. This review provides a clinically relevant 
overview of the disease and discusses the usefulness and limitations of the various 
investigational and treatment options. Methods: A PubMed search on articles  
relevant to pulmonary embolism, pulmonary hypertension, chronic thromboembolic 
pulmonary hypertension, pulmonary endarterectomy, and balloon pulmonary 
angioplasty were performed. A total of 68 articles were found to be relevant and 
were reviewed. Results: CTEPH occurs as a result of non-resolution of thrombotic 
material, with subsequent fibrosis and scarring of the pulmonary arteries. Risk  
factors have been identified, but the underlying mechanisms have yet to be fully 
elucidated. The cardinal symptom of CTEPH is dyspnoea on exertion, but the 
diagnosis is often challenging due to lack of awareness. The ventilation/perfusion 
scan is recommended for screening for CTEPH, with other modalities (eg. dual 
energy computed tomography pulmonary angiography) also being utilised in expert 
centres. Conventional pulmonary angiography with right heart catherisation is 
important in the final diagnosis of CTEPH. Conclusion: Operability assessment by 
a multidisciplinary team is crucial for the management of CTEPH, as pulmonary 
endarterectomy (PEA) remains the guideline recommended treatment and has  
the best chance of cure. For inoperable patients or those with residual disease  
post-PEA, medical therapy or balloon pulmonary angioplasty are potential  
treatment options. 

Keywords: Balloon pulmonary angioplasty, Chronic thromboembolic pulmonary 
hypertension, Pulmonary embolism, Pulmonary endarterectomy, Pulmonary 
hypertension 

Introduction 
Chronic thromboembolic pulmonary hypertension 

(CTEPH) is a form of pre-capillary pulmonary 
hypertension and is classified under group 4 of  
pulmonary hypertension (PH).1 While CTEPH  
portends significant mortality and morbidity, it is  
often under-recognised and under-diagnosed.2 In this 
review, a pertinent overview of the topic is provided 
and the usefulness and limitations of the various 
investigational and treatment options are covered.

Epidemiology
The incidence of venous thromboembolic disease 

(VTE) varies in different populations. In Asian countries 
like Singapore, the population-based incidence of VTE  
and pulmonary embolism (PE) was noted to be 57 and  
15 per 100,000 respectively, compared to more than  
100 per 10,000 in Caucasians.3 CTEPH is a known 
complication after acute PE and this may account for  
the different incidences in different countries. In the  
USA and Europe, the crude annual incidence of  
CTEPH was 3 to 5 cases per 100, 000 population, while 
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in Japan the incidence was noted to be 1.9 cases per 
100, 000 population.4 Among survivors of acute PE, 
between 0.4–6.2% will develop CTEPH by invasive 
haemodynamic definition.1,5 A significant proportion of 
patients diagnosed with CTEPH have no known history 
of PE. Historical retrospective data reported as high 
as 40-60% of CTEPH subjects having no prior history 
of VTE.6 A recent prospective international registry  
reported 25.2% and 43.9% of CTEPH patients  
without prior PE or VTE respectively.7 This may partly  
be a result of under diagnosis of VTE. In an old autopsy  
study of over 100 patients who passed away from  
PE, the diagnosis was only discovered at autopsy in 
77.1%,2 with the deaths initially attributed to ischemic 
heart disease.   

Pathophysiology 
CTEPH is defined as symptomatic PH due to  

incomplete or  non-resolut ion of  PE despite  
anticoagulation. The pathogenesis is mutifactorial, 
including inflammation and infection, biological 
and genetic factors, fibrinogen and fibrinolytic  
abnormalities, platelet dysfunction and impaired 
angiogenesis.8 These lead to the reorganisation of  
thrombi into collagen deposits, which become 
incorporated into the vessel wall and become 
endothelialised, impeding blood flow and increased 
pulmonary vascular resistance (PVR). In addition,  
small vessel disease may also play a role in the genesis  
of PH. This occurs when the pulmonary flow is 
redistributed into non-obstructed pulmonary arteries, 
causing high pressure and shear stress which results 
in endothelial dysfunction.8 Altered mutations in  
bone morphogenetic protein receptor type II 
(BMPR2) and the transcription factor, Forkhead box 
class O transcription factor 1 (FoxO1), have also  
been implicated in the process of abnormal  
vascular remodelling.9 

Risk Stratification
Predicting CTEPH after pulmonary embolism 

is challenging. Universal screening of all post PE 
patients with echocardiogram has not proven to be 
cost-effective and remains controversial.10 Some risk 
factors which predispose patients to CTEPH have been 
identified: 1) Related to the acute PE event: younger 
age, larger perfusion defects, unprovoked PE, PH at 
presentation (right ventricular (RV) systolic pressure 
above 50 mmHg);11 2) Autoimmune or haematological 
disorders: lupus anticoagulant, antiphospholipid 
syndrome, non-O blood group; 3) Associated medical 
conditions: cancer, ventriculoatrial shunts, infected 

pacemaker leads, splenectomy, chronic inflammatory 
disorders and hypothyroid.12,13 Klock et al. studied  
772 consecutive patients with acute PE and CTEPH 
was confirmed in 22 patients (2.8%) on follow-up. 
Four significant risk factors: unprovoked PE, known 
hypothyroidism, symptom onset >2 weeks before 
PE diagnosis and RV dysfunction on computed  
tomography (CT)/echocardiography and 2 protective 
factors- diabetes mellitus and thrombolytic therapy/
embolectomy were identified. A “CTEPH prediction 
score” was developed based on the 6 variables, yielding 
an area under the receiver operating characteristic  
curve (AUC) of 0.89 in predicting PE patients with  
a high risk of CTEPH diagnosis after PE.14

Symptoms and Outcomes 
The primary symptoms of CTEPH include dyspnoea 

(99.1%), edema (40.5%), fatigue (31.5%), chest pain 
(15.3%)  and/or syncope (13.7%).7 However, these 
symptoms are often non-specific. Hence, together  
with the lack of awareness of this disease entity, the 
diagnosis is frequently missed. It has been reported  
that average delay from the embolic event to symptom 
onset was about 18 months15 and at diagnosis, the  
majority of patients were in New York Heart  
Association (NYHA) functional class III or IV.7 If  
untreated, historically, the 3-year survival was 30%  
and 5-year survival of 10% in those with a mean  
pulmonary artery pressure (mPAP) >30 mmHg;16  
and 2-year survival was only 20% in those with  
mPAP >50 mm Hg.17 

Methods

Definition 

CTEPH is categorised as Group 4 in the classification 
of PH. The diagnosis of CTEPH is based on the  
following criteria:18 
• Pre-capillary PH (combination of mPAP ˃25 mmHg, 

pulmonary arterial wedge pressure ≤15 mmHg and 
pulmonary vascular resistance (PVR) ˃ 3 Wood Units. 
at rest and

• Mismatch on ventilation/perfusion (V/Q) scintigraphy 
(usually V/Q single-photon emission computed 
tomography [SPECT]) with at least one large perfusion 
defect in one segment or in two subsegments, or  
evidence of pulmonary vascular lesions on computed 
tomography (CT) and/or magnetic resonance imaging 
(MRI) or pulmonary angiography.

• These findings should be obtained after at least 3 
months of effective anticoagulation.
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Chronic thromboembolic disease (CTED) is a similar 
entity to CTEPH, but without PH at rest (mean PAP <25 
mmHg).19 Currently a new threshold for PH (mean PAP 
(mPAP) >20 mmHg, and PVR ˃3 Wood units) has been 
proposed to diagnose pulmonary hypertension.20 The 
impact on the diagnosis of CTEPH and CTED has not 
yet been established. 

Investigational Modalities
Due to the non-specific nature of symptoms and the 

heterogenicity of the aetiologies, diagnosing CTEPH 
has been challenging. The varying availability of the 
different investigations as well as the ability to interpret 
these investigations across different centres add to 
this challenge. In the following section, the utility and 
limitations of these investigations are discussed.

Echocardiography
Echocardiography serves as a first-line screening 

tool. Although it is not specific for the diagnosis of 
CTEPH, it enables indirect assessment of PA pressure 
and permits exclusion of intracardiac shunt or left heart 
disease as a cause for PH. Patients with intermediate to 
high echocardiographic probability of PH will be further 
evaluated to exclude CTEPH.21 This is determined by a 
tricuspid regurgitant (TR) velocity of more than or equal 
to 2.8 m/s, or, if the TR velocity is less than 2.8 m/s or 
unmeasurable, with additional features of pulmonary 
hypertension, which comprises abnormalities in two 
out of the three categories: 1) abnormal right ventricle 
(dilated right ventricular size, or left-shifting of the 
interventricular septum); 2) abnormal pulmonary artery 
(shortened acceleration time of the systolic flow in 
right ventricular outflow tract, increased early diastolic 
pulmonary regurgitant velocity, or dilated pulmonary 
artery); 3) abnormal inferior vena cava or right atrium 
(dilated and plethoric inferior vena cava, or enlarged 
right atrial area) (Figure 1a).21

A clinical screening protocol has been established at 
the authors’ institution to identify patients with CTEPH 
post-PE. In summary, a follow-up echocardiogram is 
recommended in all acute PE patients with high risk 
features defined as any one of the following a) acute 
massive PE (Systolic BP <90 mm Hg for at least 15 
minutes or requiring inotropic support, not due to other 
causes), b) acute PE with RV dysfunction, or echo  
features of pulmonary hypertension and c) acute 
PE with CTEPH clinical prediction score >6.14 In 
patients without high risk features but continue to be  
symptomatic at follow-up, an echocardiogram is 
also recommended. The follow-up echocardiogram 

is recommended to be performed after at least 3 
months of anticoagulation.  If there is intermediate 
to high echocardiographic probability of pulmonary 
hypertension, these patient will be referred to pulmonary 
hypertension clinic. If the clinical suspicion is high  
and the echocardiogram does not show pulmonary 
hypertension, a dual energy computed tomography 
pulmonary angiogram (discussed below) to 
exclude recurrent acute PE or symptomatic chronic  
thromboembolic disease (CTED) without PH  
is considered. 

Ventilation/Perfusion (V/Q) Scan
The V/Q scan is the gold standard screening modality 

for the exclusion of CTEPH in patients with PH.21, 22  
Despite this, the V/Q scan is underutilised, with registry 
data showing only 57% of patients with a diagnosis 
of pulmonary arterial hypertension (PAH) having had 
a V/Q scan done leading up to their diagnosis. This 
could potentially lead to misdiagnosis of CTEPH cases  
as PAH.23 A normal V/Q scan rules out CTEPH with a 
sensitivity of 90-100% and a specificity of 94_100%.24  
In addition, V/Q scan interpretation requires less  
additional training beyond what is standard of care. 
In contrast, inexperienced CT readers might miss 
distal segmental or subsegmental disease; misinterpret 
pulmonary artery sarcoma,25 or misdiagnose proximal 
lining thrombi associated with PAH.26

CTEPH features on V/Q scans include one or more 
segmental or larger mismatched perfusion defects  
(Figures 1b, 1c). Other causes of PH (e.g., PAH and  
pulmonary veno-occlusive disease) generally present 
with normal scans or unmatched/non-segmental  
perfusion abnormalities (i.e., “mottled” perfusion scans) 
secondary to diffuse narrowing of small vessels.27,28 
However, false interpretation of matched V/Q defects  
can happen in areas that reflect compensatory 
hypoventilation from chronic lung hypoperfusion.  
Another pitfall of planar V/Q is “shine-though”, 
which occurs when normally perfused areas overlap  
hypoperfused areas, resulting in underestimation of the 
presence and extent of PE.29,30 The latter can be improved 
using SPECT V/Q scanner.31,32

Computed Tomography Pulmonary Angiogram (CTPA)
Despite V/Q scan being a good screening tool, its 

non-specificity limits its use in the definitive diagnosis 
of CTEPH. Pathologies such as PA sarcoma, fibrosing 
mediastinitis, vasculitis and extrinsic compression 
of pulmonary vasculature may also produce large  
segmental  perfus ion defects  that  cannot  be  
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differentiated from CTEPH on V/Q scan. Hence, 
any abnormal perfusion scan requires additional  
diagnostic imaging to allow determination of 
the magnitude, location and extent of disease.33 
Recent evidence suggests high sensitivity and 
specificity of CTPA for detecting CTED at the main/
lobar (89–100% and 95–100% respectively) and 
segmental (84–100% and 92–99% respectively)  
levels.34 Nevertheless, a negative CTPA does not 
definitively exclude CTEPH, especially in diseases  
confined to distal subsegmental level which CTPA  
may have difficulty in detecting. 

Typical CT features of CTEPH includes stenosis with 
ring-, web- or slit-like filling defects, tapered vessels,  
or complete absence of the vessel branches (Figure 
1d). Besides these, CTPA can detect CTED-associated  
findings such as mosaic perfusion pattern and  

bronchial artery collaterals, and lung infarcts. It may  
also serve as screening for underlying mediastinal  
disease or parenchymal lung disease.35

Dual-Energy Computed Tomography Pulmonary  
Angiogram (DECTPA)

DECTPA is a newer technology which measures the 
contrast uptake in the parenchyma as an expression 
of perfusion (this resembles a V/Q scan perfusion 
abnormality) in addition to the normal CT findings 
(Fig. 1e). However, careful interpretation is required. 
Firstly, although a mosaic perfusion pattern is common  
in CTEPH, it can also be observed in up to 12% of  
patients with PAH. Secondly, underlying lung  
parenchyma disease, such as bullous emphysema 
can lead to pseudo-defects. 36 Thirdly,  unlike  
99mTc-macroaggregated albumin in V/Q scan,  

Fig. 1. (a) Echocardiogram demonstrating grossly dilated right heart chambers suggestive of pulmonary hypertension (RV/LV ratio >1); (b) Ventilation 
portion of V/Q scan showing normal ventilation of both lungs (c) Perfusion portion of the V/Q scan showing wedge-shaped perfusion defects at  
peripheral lung fields; (d) Conventional CTPA; (e) Dual energy CTPA; (f) Invasive pulmonary angiogram. These images are from an elderly female 
patient who was diagnosed with CTEPH. Multifocal perfusion defects in both lungs (R>L) are demonstrated on both the V/Q scan and DECTPA  
(white stars). These perfusion defects correspond to the attenuated and occluded pulmonary arteries (white arrows) on the CTPA. Proximal dilatation 
and abrupt truncation (hollow arrow) of the distal portion of the right upper lobe branches was noted on both CT and invasive pulmonary angiogram.
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iodine is capable of entering collateral vessels. Hence, 
perfusion defects can be missed (i.e. false negative) 
in areas of lung distal to affected vessel due to 
collateralisation or sub-occlusive thrombi.37 Despite 
these limitations, the sensitivity and specificity of 
DECTPA in diagnosis of CTEPH were reported as 
96–100% and 76–92% respectively.38,39 In cases with 
severe lung parenchymal disease, poor blood flow 
to the scarred areas may lead to artefactual filling  
defects on conventional CTPA, and hence false 
positive results. DECTPA is a potentially useful tool 
that incorporates both anatomical and functional 
abnormalities, allowing for the differentiation of true 
versus false filling defects. Its role in the diagnosis of 
CTEPH is currently evolving. 

Magnetic Resonance Pulmonary Angiogram (MRPA)
MRPA allows for not only the anatomical assessment 

of the PA circulation with no radiation exposure, 
but also the evaluation of pulmonary perfusion and 
haemodynamics.40 The diagnostic performance of  
MRPA for CTEPH diagnosis is still inferior to  
CTPA.21,34,41 Ley et al.34 compared CTPA, MRPA, and 
digital subtraction angiography (DSA), showing the 
sensitivity and specificity of MRPA for diagnosing 
disease at the main/lobar level to be 83.1% and 
98.6%, and at the segmental level 87.7% and 98.1%,  
respectively. Subsegmental arteries were demonstrated  
in only 75% of cases, compared with 87% by DSA.    

Usage of MRPA is highly dependent on local practice  
and is not yet integrated in the guidelines. A longer scan 
time and the association with nephrogenic systemic  
fibrosis in renally impaired subjects are some of the 
disadvantages of this method.

Catheter-based Pulmonary Angiogram
Catheter based pulmonary angiography while  

invasive has a generally low complication rate. It 
has the advantage of being able to combine imaging 
with haemodynamic assessment via right heart 
catheterisation, and accurately localise or “map out” 
lesions in the determination of surgical accessibility.43 In 
addition, assessment of central and subpleural capillary  
perfusion score is possible. Poor subpleural perfusion  
in the context of PH is associated with distal vessel 
angiopathy or other primary lung disease. This is  
associated with a higher surgical risk.44

A disadvantage is the higher contrast load needed 
compared to a conventional CTPA. This can be 
improved by using cardiac output tailored minimal 

contrast exposure, or rotational pulmonary angiogram. 
It is not used as a routine screening tool for patients 
under investigation for PH, but as one of the final 
step to determine CTEPH operability. This requires 
relevant experience. Typical signs of CTEPH (Figure 
1f) include bands, intimal irregularities, pouch defects, 
abrupt vascular narrowing, and complete obstruction 
of pulmonary arteries.45 A classification system based 
on the lesion opacity and the blood flow distal to it has 
been described–Type A: ring-like stenosis, Type B: web 
lesion, Type C: subtotal lesions, Type D: total occlusion, 
and Type E: tortuous lesion.46 These has implications on 
the success of balloon angioplasty (see below).

Cardiopulmonary Exercise Testing (CPET)
Exertional dyspnoea can be multifactorial in origin. 

CTEPH may be difficult to diagnose especially when  
there is chronic pulmonary vascular obstruction but 
normal PA haemodynamics at rest. CPET as an indirect 
marker of cardiopulmonary function is a promising 
additional tool to assess patients in this special  
category.42 Firstly, it helps exclude other causes of 
dyspnea such as ventilatory limitation from lung or 
musculoskeletal disease or deconditioning. Secondly, 
it is able to demonstrate symptom and cardiovascular 
limitation on exercise in a patient with otherwise  
normal resting haemodynamics. Typical findings 
of CTED/CTEPH show evidence of ineffective  
ventilation caused by elevated alveolar-capillary 
gradients of oxygen and carbon dioxide: (a) elevated 
slope of minute ventilation (V′E) / carbon dioxide  
output (V′CO2) ratio showing hyperventilation;  
(b) elevated ventilator equivalents for oxygen and  
carbon dioxide showing ineffective ventilation;  
(c) low and decreasing end-tidal carbon dioxide  
tension (PETCO2), elevated alveolar-arterial oxygen 
tension gradient (PA-aO2) and elevated arterial  
end-tidal carbon dioxide gradient (Pa-ETCO2).47

Understanding the limitations of each type of  
imaging and having the ability to perform and interpret 
different modalities of imaging is crucial at a tertiary 
PH centre. Figure 2 shows a case of a young female  
with history of systemic sclerosis and interstitial 
lung disease involving bilateral lower lobes. The  
conventional CTPA demonstrated a linear filling  
defect within the lumen of the right lower lobe  
p u l m o n a r y  a r t e r y,  s u s p i c i o u s  o f  c h r o n i c  
thromboembolic disease (Figure 2a). However, the  
perfusion of the right lower lobe was normal in both  
the VQ scan (Figure 2b) and the DECTPA iodine  
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perfusion map (Figure 2c). The initial linear filling  
defect on conventional CTPA was likely a result of 
artefacts from poor flow to the scarred lung. Figure 
3 shows a case of middle-aged male presented with 
dyspnoea on exertion whose lung perfusion on the  
initial VQ scan was normal. Due to previous history  
of PE and high clinical suspicion, a CTPA was  
performed which showed extens ive  chronic 
thromboembolic diseases at multiple pulmonary  
artery segments. This was in keeping with a subsequent 
DECTPA which demonstrated patchy perfusion  
defects corresponding to the areas supplied by  
these narrowed or occluded arteries. These cases 
highlight the importance of multimodality imaging to 
avoid misdiagnosis.

Management
Pulmonary endarterectomy (PEA) is considered 

the treatment of choice and affords potential cure.48 
In inoperable patients or those with residual disease  
post-PEA, medical therapy remains an option. In recent 
times, balloon pulmonary angioplasty (BPA) has emerged 
as a potential treatment modality for such patients in 
experienced centres.49-51,21,52

Pulmonary Endarterectomy (PEA)
The primary treatment for patients with CTEPH is 

surgical PEA, which is regarded as a curative treatment 
of choice (Figure 4a). Operability assessment by a 
multidisciplinary team is crucial for the management 
in all CTEPH patients. In general, at least moderate 
disease burden with a distribution at lobar and  
proximal segmental level is better suited for PEA. 

Besides technical considerations, surgical risk based  
on invasive haemodynamics, other comorbidities,  
as well as the experience level of the PEA surgeon  
and supporting CTEPH team, plays an important role  
in the decision making for the suitability for PEA.

The standard surgical technique for PEA was  
established by the group from San Diego.53 Deep 
hypothermic circulatory arrest is necessary to provide  
a clear operating field to enable a complete  
endarterectomy with dissection into subsegmental 
branches. This technique has proven safe and 
reproducible and is used at most centres performing 
PEA surgery. Successful PEA in suitable patients 
can lead to significantly improved symptoms and  
functional status, haemodynamics (mPAP reduction 
by about 65%), remodelling of the PAs, improvement  
of RV function, quality of life and survival.8 The 
international registry of incident cases of CTEPH  
reported 3-year survival of 90% in those operated  
compared to 70% in those who were not. Residual PH 
with PVR >5.3 Woods correlated with worse survival. 
Survival rates of >90% at 1 year, >80% at 5 years, and 
>70% at 6–10 years have been reported.54

Common risks of surgery include bleeding,  
reperfusion pulmonary edema, wound infection, and 
arrhythmias. Severe cases of reperfusion lung injury 
can be quite challenging to manage. For reperfusion 
lung injury with severe hypoxemia, veno-venous 
extracorporeal membrane oxygenation (ECMO)  
support may be instituted to maintain arterial  
oxygenation and to prevent further lung injury by  
allowing for the use of protective ventilatory settings.55 
In cases with haemodynamic instability, veno-arterial 

Fig. 2. (a) Conventional CTPA; (b) VQ scan; and (c) DECTPA. These are images from a young female with history of systemic sclerosis and interstitial lung 
disease involving bilateral lower lobes. The conventional CTPA demonstrated a linear filling defects within the lumen of the right lower lobe pulmonary artery 
(white arrow), suspicious of chronic thromboembolic disease. However, the perfusion of the right lower lobe was normal in both VQ scan (black arrow) and 
DECTPA iodine perfusion map (white arrow). The filling defect was also not present on the repeat DECTPA. The initial linear filling defect on conventional 
CTPA was likely a result of artefacts from poor flow to the scarred lung. 
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ECMO is necessary to support patient. Blood is  
diverted away from the heart and lungs, allowing 
reduction in PA pressure and offloading of the RV.  
At the same time, the ECMO circuit provides cardiac 
output and gas exchange. Average support duration is  
a median of 5 days in most series, and reported survival 
is up to 57% in those requiring ECMO support.56

The patient can also develop subdural haematoma, 
renal and heart failure, as well as residual PH.57 Other 
complications include that of perforation of the PA, 
stroke, and death. The in-hospital mortality rate  
ranges from as low as ≤3.5% in specialised  
high-volume centres (n >50 PEAs/year), to 4.7% in  
medium volume (11-50 PEAs per year) and 7.4% in  
low volumes centres (<11 PEAs per year).58 

Balloon Pulmonary Angiogram (BPA) 
BPA involves the wiring of target lesions and the  

use of small size balloons at low pressures to expand 
these lesions (Figure 4b–d). Generally, BPA is more 
appropriate for diseases distributed at the distal  
segmental and subsegmental levels.59 The types of  
lesions usually tackled by BPA include webs and  
stenosis.  Sub-total or total occlusions should 
not be attempted by the inexperienced operator. 
In the recent few years, numerous studies have 
emerged in the use of BPA to treat CTEPH that is  
inoperab le .  51 ,52 ,59 ,60 There  were  s ign i f i can t  
improvements in the reported haemodynamic results 
(reduction of PVR and improvement of cardiac  
output) as well as improvements in the 6-min walk 
distance (6MWD) and NYHA/WHO functional class, 

almost equivalent to the results from PEAs by experienced 
centres.49 This technique carries risks of complications  
including periprocedural mortality ranging from  
0 to 10%,13 vessel rupture (0 to 7%), and reperfusion 
lung injury. Reperfusion lung injuries range from 
desaturations, haemoptysis and infiltrations to more 
severe events like acute respiratory distress syndrome 
requiring ECMO support. In experienced hands,  
BPA has emerged as a promising treatment for  
inoperable CTEPH and those with residual disease  
after PEA with recent publications showing lower 
complication rates than initial publications.22

Medical Therapy
The International CTEPH registry reported that  

about 40% of the patients were considered inoperable  
due to concern for inaccessible distal vascular  
obstruction, PH out of proportion to morphological  
lesions and significant comorbidities; around 20%  
of the patients had residual PH post-PEA.7 It is plausible  
to use PAH-targeted therapy in CTEPH cases, as  
they share many similar histopathological features.61–64  

Before the publication of several important  
randomised controlled trials, PAH-targeted therapies 
were widely used “off label” in the treatment of  
CTEPH. In the BENEFiT (Bosentan Effects in  
iNopErable Forms of chronIc Thromboembolic 
pulmonary hypertension) trial, Bosetan, an oral dual 
endothelin receptor antagonist, was given to patients 
with either inoperable CTEPH or persistent/recurrent 
pulmonary hypertension after PEA (>6 months after 
PEA). This study demonstrated a positive treatment  

Fig. 3. (a) VQ scan; (b) conventional CTPA; (c) DECTPA. These are images from a middle-aged male who presented with dyspnoea on exertion. The  
perfusion on the initial VQ scan was normal. The diagnosis of CTEPH was subsequently confirmed by CTPA and DECTPA. 3b shows on CTPA chronic  
emboli with linear band-like appearance (white arrow) at the bifurcation of right lower lobar pulmonary artery. 3c demonstrates on DECTPA patchy areas  
of reduced perfusion in basal segments of the right lower lobe (white stars) corresponding to the obstructed blood flow. 
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effect of Bosentan on haemodynamics (reduction  
of PVR by 24% and improvement of cardiac index 
by 0.3 L/min) in this patient population. However, 
no improvement was observed in exercise capacity 
after 16 weeks of treatment.65 Subsequently, in the  
CHEST-1 (Riociguat for the treatment of chronic 
thromboembolic pulmonary hypertension ) trial, 
Riociguat,  a direct soluble guanylate cyclase  
stimulator, achieved clinically meaningful primary 
endpoints including an improved WHO functional  
class, improved 6MWD by an average 46 m, reduction 
in plasma brain natriuretic peptide levels, and  
reduction in PVR by 31% after 16-weeks of  
treatment.62 This improvement persisted at 1 year. 
More recently, the MERIT- 1 (Macitentan for the 
treatment of inoperable chronic thromboembolic 
pulmonary hypertension) trial provided evidence of 
using macitentan, a endothelin receptor antagonist, 
in the treatment of CTEPH. CTEPH patients treated 
with macitentan had a significant reduction in  
PVR by 16%, as well as improvements in functional 
class and 6MWD. This study provided some  
evidence for using combination therapy as 51% 
of the recruited patient were already treated with 
baseline phosphodiesterase type 5 inhibitors and/or  
oral/inhaled prostanoids at inclusion.64 There are  
several ongoing clinical trials that will shed further 
important knowledge on the medical management 
of CTEPH. The SELECT trial (Study to Find Out  
if Selexipag is Effective and Safe in Patients With 
Chronic Thromboembolic Pulmonary Hypertension 

Fig. 4. (a) Resected tissue from pulmonary endarterectomy surgery (PEA); (b) Subtotally occluded right middle lobe segmental pulmonary artery  
(black triangles); (c) Balloon pulmonary angioplasty of the segment (d) Restored flow post balloon dilatation.

When the Disease is Inoperable or Persistent/Recurrent 
After Surgery) aims to evaluate the efficacy of  
Selexipag, a prostacyclin receptor agonist, in treating 
inoperable CTEPH or persistent/recurrent PH  
after PEA, while the SOPHA trial (The Effect of  
Oxygen Therapy on 6MWD in PAH and CTEPH  
Patients With Hypoxemia) aims to study the effect 
of long term oxygen therapy in CTEPH and PAH  
patients with oxygen deficiency (See Table 1).66

Another important aspect of medical therapy is the 
pre-treatment of patient as a bridging therapy to PEA. 
Retrospective data from a single centre suggested that 
pre-treating patients with PAH-targeted therapy had no 
impact on surgical outcomes but was associated with 
a delay in referral for surgical evaluation.67 Efforts are 
currently underway to prospectively study the impact 
of “bridging therapy” or pre-treating patients with PAH 
therapies before PEA (PEA Bridging Study).68

Conclusions
CTEPH is a debilitating disease with significant 

morbidity and mortality. It is often under-recognised  
with resultant delays in treatment. Understanding 
the utility and limitations of the different imaging  
modalities is crucial. There are effective treatment  
options available. PEA is a complex surgery that  
requires both good surgical technique as well as a 
comprehensive multi-disciplinary team care approach. 
In CTEPH patients who are ineligible for PEA and  
in those with residual disease post-PEA, medical  
therapy and BPA remain potential alternatives.
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