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“The exploration of any new area inevitably 
produces as many questions as answers”

Kenneth M. Moser, MD   1965



What is Chronic Thromboembolic Disease?

• Acute Pulmonary Embolus 

• Incomplete resolution (>3 
months AC)

• Loss of pulmonary vascular 
bed

• Progressive pulmonary 
hypertension (mean PA >25)

• Right heart failure

Video courtesy of Fabio Jatene MD



Natural history of CTEPH

ACUTE 
PE CTEPH

Resolution and 
insignificant impact on 

pulmonary hemodynamics
96% – 99%

Small vessel changes
(Adaptive vascular remodeling)

ACA, anticardiolipin antibodies; CTEPH, chronic thromboembolic pulmonary hypertension; LAC; lupus 
anticoagulant; PE, pulmonary embolism; TE, thromboembolic.
Lang IM et al. Eur Respir J 2013;41:462–8.

Genetic (abnormal fibrinogen) 

Abnormal Thrombus Angiogenesis; Inflammatory Mediators

Prothrombotic States (LAC, ACA, Factor VIII, von Willebrand, Splenectomy)

Medical Conditions: “High Risk” PE, Malignancy History, Chronic Venous
Disease; Chronic Intravenous Devices 



Small Vessel disease in CTEPH
Moser, Bloor  Chest 1993; 103:685-692

Moser KM. Chest 1993;103:685-692



Remaining Questions

• Transition to a “chronic clot”
Genetic background, Inflammation, Thrombosis abnormalities

• The development of a small vessel disease

Mediator or Hemodynamic driven



How common is CTEPH in China?
• Yang et al. J Thorac Dis 2015

614 patients (median FU  3.3 years): 1.6% at 2 years, 1.7% at 3 years

• Xi et al. Chin Circ 2016 
214 patients (avg 31 months FU): 7.5%

• Xu et al. Chin J Geriatr 2016
129 patients (median FU 26 months): 6.29%

• Yu et al. Clin Resp J 2018 (Xijing Hospital)
239 patients (median FU 32.6 years): 9.4% following acute PE

• Zhang et al. J Thorac Dis 2018 (meta-analysis)
Fifteen studies (3 from China):  4.46% in China compared to 2.82% from Europe

(Previous/recurrent PE, previous VTE, idiopathic PE and Right heart dysfunction)



Post PE Syndrome
Spectrum of disease from Acute to Chronic 

Klok et al.  Blood Reviews 2014; 28:221



Remaining Questions

• Transition to a “chronic clot”
Genetic background, Inflammation, Thrombosis abnormalities

• The development of a small vessel disease

Mediator or Hemodynamic driven

• What is the true incidence of CTED and CTEPH?



Diagnosis of CTEPH



Evaluation for CTEPH

Echocardiogram: 
detection of PH/RV 
size and function

Lung V/Q Scan: 
detection of perfusion 

defects
+

Confirming CTEPH
CT Angiography

Pulmonary Angiography
MRA/CMR

CTEPH Diagnosis
CTE Location

Screening for CTEPH

Disease Suspicion

1) Acute PE patients with persistent CP symptoms after 3 months 
of anticoagulation
2) ALL patients with pulmonary hypertension
3) Unexplained exertional dyspnea with or without history of 
thromboembolic event



Diagnostic Approach to Patients with suspected 
CTE Disease

Hoeper et al. Am Coll Cardiol 2009; 54:S85-S96



Perfusion Scans

CTEPH

Segmental 
CTEPH

Pulmonary 
Arteritis

Sarcoma

PVOD



Diagnostic Approach to Patients with 

suspected CTE Disease

Hoeper et al. Am Coll Cardiol 2009; 54:S85-S96



CTEPH: CTA Findings

Eccentric 
thrombus

Lining 
thrombus 
and web

Vessel attentuation, web



CTEPH: CTA Findings

Bronchial 
arterial 
collateral 
vessels

Mosaic Perfusion

Lining 
thrombus, 
Enlarged 
main PA

(PH)



CTEPH: Pulmonary Angiogram



CTEPH Pulmonary Angiogram



POST PTE: 
CVP 7
PAp 37/12 (21)
CO 5.3 l/min
PVR 211 dyn-s/cm-5

Preop PVR 1752 dyn-s/cm-5



Dual Energy CT & MRI

MRI /CMR
➢To evaluate hemodynamics/ RV 
function and response to therapy
➢To evaluate clot burden  with 
MRA angiogram and assess 
functional significance by 
perfusion

Dual Energy CT
➢ Same angiographic assessment as 
standard CT but also provides 
functional impact by assessing 
parenchymal perfusion



Remaining Questions

• Transition to a “chronic clot”
Genetic background, Inflammation, Thrombosis abnormalities

• The development of a small vessel disease

Mediator or Hemodynamic driven

• What is the true incidence of CTED and CTEPH?

• Are there more accurate tests to detect the disease?



PH Medical Therapy for 
Inoperable/Non-surgical 

CTEPH

Pulmonary
Thromboendarterectomy

Balloon
Pulmonary
Angioplasty



CTEPH: Surgical Approach
• Median Sternotomy (not 

thoracotomy)

• Cardiopulmonary bypass

• Deep hypothermia (18-

20°) Circulatory arrest

• True endarterectomy

Not embolectomy



UCSD Surgical Classification



Preoperative Postoperative



Perioperative Echocardiogram



PTE: Postoperative Outcome

Mayer et al. J Thorac Cardiovasc Surg 2011; 141:702



NYHA FUNCTIONAL STATUS
157 PATIENTS UNDERGOING PTE: PAVIA

Corsic AG, et al. Am J Resp Crit Care Med 2008;178:419-424



PTE: Survival Benefit

Delcroix et al. Circulation 2016; 133:859



World Symposium Recommendations

Kim NH et al.  Chronic thromboembolic pulmonary hypertension. Eur Resp J 2019; 53: 1801915



Non Surgical Treatments

Obstructive Component Small Vessel Disease



CTEPH: RCTs of PH Targeted Medical Therapy

Kim NH et al.  Chronic thromboembolic pulmonary hypertension.  Eur Respir J 2019; 53: 1801915.



• Randomized, placebo-controlled study

• 261 patients, 173 receiving drug

• 16 weeks

• Increase in 6 minute walk distance

(mean difference 46 m)

• Reduction in PVR

(mean difference -246 dyn-sec-cm-5)

• Improvements in WHO functional class, NT-

proBNP

Ghofrani HA at al. N Engl J Med 2013; 369:319



Improvements in 6MWD and FC observed in 
CHEST-1 persisted at a year in this extension 
study (237 enrolled patients)

• 6MWD changed by +51 + 61 m (N=172) vs
CHEST-1 baseline

• Functional class: (improved/stable/worse) in 
47/50/3% of patients (N=176) vs CHEST-1 
baseline

• Safety profile similar to CHEST-1



Lancet Respir Med 2017 Sep 8

N=80 (40 per arm, 40%/38% treatment naïve); 16 weeks

Treatment:  6MWD  355 vs 388 m                                           
Control:       6MWD  351 vs 352 m

Treatment: PVR  929 to 723 d.s.cm-5

Control:      PVR  984 to 899 d.s.cm-5



CTEPH: Balloon Pulmonary Angioplasty

Circ J 2012; 76:485

Heart 2013; 99:1415





Sugimura K, et al. Circ J. 2012

Optical
Coherence
Tomography
(OCT)



BPA: Angiographic Lesions

Kawakami et al.  Circ Cardiovasc Interv 
2016;9:e003318



BPA Studies

Ogo; Curr Opin Pulm Med 2015; 21:425



Balloon Pulmonary Angioplasty: Brenot et al  Eur Resp J 2019; 53: 1802095



Long-term BPA Results: Aoki et al. Eur Heart J 2017; 38:3152



CTEPH: Balloon Pulmonary Angioplasty

• Role in Rx CTEPH patients evolving

• Center experience 

• Technically demanding

• Multiple sessions required

• Complication risks: reperfusion lung injury

vessel injury/bleeding

• Long-term outcomes poorly defined

• Comparative studies unavailable



Remaining Questions

• Transition to a “chronic clot”
Genetic background, Inflammation, Thrombosis abnormalities

• The development of a small vessel disease

Mediator or Hemodynamic driven

• What is the true incidence of CTED and CTEPH?

• Are there more accurate tests to detect the disease?

• What is the optimal approach for those patients with 
inoperable disease?



Riociguat and BPA in Inoperable CTEPH: 
Wiedenroth et al.  Pulm Circ 2018; 8:1



Thank you for your kind attention


