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만성혈전색전폐고혈압 진단 알고리즘



• 모든 급성폐색전증을 가졌던 환자에서 만성혈전색전
폐고혈압 진단을 위한 선별검사를 시행하는 것은
추천되지 않는다. 

• 이는 급성폐색전증 환자에서 드물게 만성혈전색전
폐고혈압이 발생하고, 

• 상당수의 만성혈전색전폐고혈압 환자가 이전에 급성
폐색전증의 병력이 없기 때문이다.



CTEPH ; symptoms & signs
Clinical presentation

• Acute VTE
Hx of acute PE
Hx of recurrent PE

• Progressive exertional dyspnea w/o PE
→Mimic IPAH

• Signs of Rt. heart failure

“비특이적”
→증상이 발생해서 진단을 받기까지 걸리는 평균 기간은

14개월



Case 68/F

• Chief complaint: Lt hemiparesis

“화장실 가려고 일어났는데 좌측으로 힘이
빠지고 감각이 무뎌서 내원함” 



Diagnosis: Rt. cerebral infarct
• Secondary prevention 위한 evaluation 

Echocardiography exam

TR Vmax = 3.71 m/s









환자의 기억을 되살려 History taking 

• 1년 전부터 exertional dyspnea

WHO Fc II

• 한달 전부터 progressive worsening Sx



After three months anticoagulation



Three months follow-up after baseline lung scan



Follow-up Echo 
(0 – 3 – 6 months)



Follow-up Echo
(0 – 3 – 6 months)

TR Vmax (m/s )  3.7     → 3.2       → 3.39



Chronic thromboembolic pulmonary 
hypertension (CTEPH) - definition

• pre-capillary PH as assessed by right heart 
catheterization (mean PAP ≥25 mmHg, PCWP ≤15 
mmHg) 

• presence of multiple chronic/organized occlusive 
thrombi/emboli in the elastic pulmonary arteries (main, 
lobar, segmental, subsegmental)

• Persistent PAH despite at least 3 months 
effective anticoagulation

( DDx from subacute PE )



Lung perfusion scan 의 중요성!



V/Q scan in CTEPH

Must do! in newly diagnosed PH

Suspected CTEPH

• Normal V/Q scan excludes CTEPH

sensitivity of 96 - 97% 

specificity of 90 – 95%



Lung perfusion scan SPECT/CT



Role of CT



Lung parenchyma 



Mosaic attenuation pattern
in non-contrast CT



Mosaic attenuation pattern
in other diseases



Thrombophilic condition: 

Anti-phospholipid syndrome, cancer, 

hereditary thrombophilia

Abnormal Fibrinolysis

Inflammation 

Infection

Etc,

Pathogenesis



Natural history of CTEPH 

Lang IM, Dorfmüller P, Vonk Noordegraaf A. 
The pathobiology of chronic thromboembolic pulmonary hypertension. 
Ann Am Thorac Soc 2016; 13: Suppl. 3, S215–S221.



Incomplete resolution & organization 



Konstantinides SV et al. J Am Coll Cardiol 2017; 69:1536-44.

Early reperfusion therapy doesn’t prevent CTEPH
PEITHO study



CTEPH

CTEPVD with symptom 

at exercise

CTEPVD with persistent defects

Acute PE

CTEPVD=chronic thromboembolic pulmonary vascular disease

No history of acute PE





CTEPH - natural course

In the era of no treatment

5 yr survival 
30% in mPAP > 40 mmHg
10% in mPAP > 50 mmHg

3-year survival

30% in mPAP > 30 mmHg

Riedel M, et al Longterm follow-up of patients with pulmonary 
thromboembolism: late prognosis and evolution of hemodynamic and 
respiratory data. Chest 1982;81:151–158.





Pulmonary endarterectomy (PEA)
• Median sternotomy

• Cardiopulmonary bypass

→ gradual cooling to 20°С

• When blood obscure surgical field

→ Deep hypothermic circulatory arrest (DHCA)

• DHCA is limited to 20 min intervals



Fedullo PF, et al. N Engl J Med 2001; 345:1465-72;
Mayer E, et al. Eur respir Rev 2010; 19:64-76;

Simonneau G, et al. Am J Respir Crit Care Med 2013; 187:A5365.

Rationale for PEA

• Complete removal and clearance of PA obstructions 

• Reduces pulmonary arterial pressure

• Improve pulmonary perfusion, oxygenation,          
RV function and dead space ventilation

• Improve life expectancy and quality of life



PEA significantly improves the long-term prognosis of 

CTEPH patients compared with non-operated patients 

Delcroix M, et al. Circulation 2016; 133:859-71.
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*Underwent pulmonary endarterectomy, **Considered inoperable for PEA for a variety of reasons including inaccessibility of 

lesions, indication of significant small vessel disease and co-morbidities. 



Assessment of operability

Risk-benefit 

ratio

Comorbidities

Hemodynamics

(PVR) vs extent

of proximal 

disease

Proximal vs distal 

disease

Hemodynamic

parameters

(PVR)

Surgical

expertise



Evaluation of operability

Requires consideration of:

• High quality imaging

• Interdisciplinary approach

• Surgical experience – Learning curve

• Risk factors

• Comorbidity (parenchymal lung disease, poor LV systolic function)

• Patient acceptance of risk

• Second opinion in case of inoperability



Effect of PVR at diagnosis
Undergoing PEA

Jenkins D, Madani M, Fadel E, et al. Pulmonary endarterectomy in the management of
chronic thromboembolic pulmonary hypertension. Eur Respir Rev 2017; 26



University of California–San Diego surgical classification (Jamieson) of 
pulmonary endarterectomy specimens

Irene Marthe Lang, Michael Madani, Update on Chronic Thromboembolic Pulmonary 
Hypertension Circulation. 2014;130:508-518



Type I

75/F 
History of 
Recurrent acute PE



Pathology: Mainly organized thrombus with 
some fresh thrombus

→ Normalized pulmonary artery pressure  pulmonary vascular resistance after PEA

Type I  Endarterectomy specimen



72/F recurrent PE
worsening exertional dyspnea









69/F exertional dyspnea



Proximal – LUL & RUL



Distal Segments



Lung Perfusion Scan



Endarterectomy specimen



3-Yr Follow-up CT



5 years follow up 





Lung perfusion scan SPECT
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Balloon Pulmonary Angioplasty ( BPA )     
Rt. A10
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Clinical Improvement
After 3 sessions of 

Balloon pulmonary angioplasty ( BPA )

• Improvement of Resting SPO2

– Sitting: 94~95% (← 89~90%)

– Supine: 91~92% (← 79~83%)

• Improvement of functional class: II (← III)



6MWT



Surgical treatment 
Pulmonary endarterectomy – curable   
proximal >>distal

Balloon pulmonary angioplasty – inoperable 



1. Kim NH, Mayer E, Eur Respir Rev 2015; 24:173-7; 2. Freed D, et al. J Thorac Cardiovasc

Surg 2011;141;383-7;

3. Delcriox M, et al. Circulation 2016; 133 (9):859-71; 4. Condliffe R, et al. Am J Resp Crit Car
e Med 2008; 177(10):1122-7.



Improving results with BPA



약물치료. 그나마 써 볼만한 약은?

Sildenafil

Riociguat
• The soluble guanylate cyclase stimulator
• Action in Nitric Oxide pathways

Macitentan
• Potent Endothelin receptor antagonist

하지만 급여가 문제
산정특례가 적용이 필요
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