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Pathophysiology, epidemiology, diagnosis and prognosis 
ICC17-1. PULMONARY ARTERY SARCOMA AS A MIMIC CTEPH 

D. Ambroz1, P. Jansa1, J. Kuchar1, M. Niznansky2, M. Aschermann1, J. Linder2 

1- 2nd Department of Medicine - Department of Cardiovascular Medicine, First Faculty of Medicine, Charles University and General 

University Hospital in Prague; 2- 2nd Department of Surgery - Department of Cardiovascular Surgery, First Faculty of Medicine, Charles 

University and General University Hospital in Prague 

 

Introduction: Mechanical obstruction of pulmonary vessels leading to pulmonary hypertension is typically caused 

by organized thrombi remaining after pulmonary embolism. In rare cases, chronic thromboembolic pulmonary 

hypertension can be mimicked by other non-thrombotic diseases such as vasculitis, hydatidosis or tumor. In our 

case report, we describe rare intimal sarcoma mimicking CTEPH. 

Case report: 65-year-old man with history of pulmonary embolism in March 2014, with persistent thrombotic 

occlusion of right pulmonary artery and severe pulmonary hypertension was referred for investigation of CTEPH. 

Patient was diagnosed as operable CTEPH with PVR 6,9 WU and underwent successful PEA. Histology of surgical 

material was compatible with the diagnosis of CTEPH.  

Thirteen months after the PEA the patient deteriorated to FC III. RHC detected pulmonary valve gradient 35/21 

mm Hg with area of 0.5 cm2 / m2. CT angiography showed penduculated tumor in the pulmonary artery.  PET/CT 

showed no convincing signs of inflammation or neoplasia.  

The patient underwent resection of pulmonary artery tumor in July 2016. Subsequent histology showed   intimal 

sarcoma. Patient was indicated to palliative chemotherapy.  

Conclusion: Pulmonary artery sarcoma should be considered as the differential diagnosis of CTEPH. 

 

ICC17-2. EPIDEMIOLOGY AND OUTCOMES OF PATIENTS WITH CHRONIC THROMBO-EMBOLIC PULMONARY 

HYPERTENSION REFERRED FOR ENDARTERECTOMY BEFORE AND AFTER INITIATION OF ANGIOPLASTY IN THE 

FRENCH NATIONAL REFERENCE CENTER 

M. Amsallem1,2, J. Guihaire2,3, S. Guimaron2, L. Lamrani2, J. Arthur2, O. Mercier2,3, E. Fadel2,3, P. Brenot1 

 1- Department of Cardiovascular Imaging, Marie Lannelongue Hospital, Le Plessis Robinson, France; 2- Research and Innovation Unit, 

INSERM U999, DHU TORINO, Paris Sud University, Marie Lannelongue Hospital, Le Plessis Robinson, France; 3- Department of Cardiothoracic 

Surgery, Marie Lannelongue Hospital, Le Plessis Robinson, France 

 

Balloon pulmonary arterial angioplasty (BPA) is an emerging technique for patients with chronic thrombo-embolic 

pulmonary hypertension (CTEPH) in whom surgical endarterectomy is not indicated or in non-operable patients. 

Objective and Methods: This prospective registry study aimed to assess whether the implementation of the BPA 

program (February 2014) has modified the characteristics and outcomes of patients with CTEPH undergoing 

endarterectomy in the French National Reference Center. Indications of surgery or angioplasty were discussed by 

the multidisciplinary Heart Team. Comparisons were made using independent t-test or Chi-square test. 

Results: /ƻƳǇŀǊŀǘƛǾŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ нпо ǇŀǘƛŜƴǘǎ ŦǊƻƳ ǘƘŜ άǇǊŜ-.t!έ ǇŜǊƛƻŘ όнлмн-2013) and the 246 

ǇŀǘƛŜƴǘǎ ŦǊƻƳ ǘƘŜ άǇƻǎǘ-.t!έ ǇŜǊƛƻŘ ό2015-2016) are presented in Table. 

  



 
 

 Pre-BPA group 
N=243 

Post-PBA group 
N=246 

p value 

Pre-operative characteristics 

Age (years) 61.4 °15.0 60.0 °14.2 0.28 

Female sex 49.8% 47.2% 0.57 
NYHA class III or IV 79.3% 73.5% 0.15 
Mean PAP (mmHg) 44.6 °12.0 45.9 °11.7 0.23 

Total Pulmonary Resistance (Wood Units) 13.7 °5.0 10.6 °5 0.37 

Cardiac Index (L/min/m2) 2.5 °0.6 2.5 °0.7 0.25 

Post-operative characteristics 

Need of extra-corporeal support after surgery 6.6% 11.4% 0.06 
Mechanical ventilation (days) 4.5 °8.0 7.9 °16.6 <0.01 

Conclusions: The number and preoperative characteristics of patients with CTEPH undergoing endarterectomy 

remained comparable despite the emergence of angioplasty. 

 

ICC17-3. LONGITUDINAL CARDIAC DEFORMATION IS REDUCED BOTH AT REST AND DURING EXERCISE IN CHRONIC 

THROMBOEMBOLIC PULMONARY HYPERTENSION AND REMAINS IMPAIRED AFTER PULMONARY 

ENDARTERECTOMY 

M. Claeys1,2, G. Claessen1,2, R. Willems1,2, J.-U. Voigt1,2, T. Petit1,2, C. Belge2,3, P. Claus1, M Delcroix2,3, A. La Gerche1,4 
1- Department of Cardiovascular Sciences, KU Leuven, Leuven, Belgium; 2- University Hospitals Leuven, Leuven, Belgium; 3- Department of 

Clinical and Experimental Medicine, KU Leuven, Leuven, Belgium; 4- Baker IDI Heart and Diabetes Institute, Melbourne, Australia 

 

Background: Cardiac deformation imaging is predominantly performed at rest, yet patients are symptomatic with 

exercise and exercise capacity is an important prognostic factor in pulmonary hypertension. 

Objective: To evaluate cardiac deformation at rest and during exercise in controls, patients with chronic 

thromboembolic pulmonary hypertension (CTEPH) and patients 6 months after pulmonary endarterectomy (PEA). 

Methods: Nine controls, 22 CTEPH and 8 PEA patients underwent echocardiography at rest and during low and 

high intensity exercise on a semi-supine bicycle ergometer. Longitudinal strain (LS) and peak systolic strain rate 

(SRs) were derived from focused apical 4-chamber 2D grayscale images of the right (RV) and left (LV) ventricle. 

Cardiac output (CO) and mean pulmonary artery pressure (mPAP) were estimated by Doppler techniques. 

Results: For LV LS and SRs the change with exercise was similar across the different groups (interaction p=0.1 and 

p=0.171). In contrast RV LS and SRs were significantly impaired at rest relative to controls (more positive) and the 

response to exercise was significantly different (interaction p<.001 for both). Notably RV LS and SRs augmented 

(more negative) in controls but while RV LS did not augment in either CTEPH or PEA patients, SRs augmented only 

modestly in PEA patients (see graphs). Exercise mPAP/CO relation differed between groups (p=0.001). An 

abnormal pulmonary vascular response (i.e. > 3mmHg/L/min) was observed in 94.7% (18/19) of CTEPH patients, 

100% (8/8) of PEA patients and 12.5% (1/8) of controls (p<0.001). 

Conclusion: w±Σ ōǳǘ ƴƻǘ [±Σ [{ ŀƴŘ {wǎ ŀǊŜ ǊŜŘǳŎŜŘ ƛƴ /¢9tI ǇŀǘƛŜƴǘǎ ŀƴŘ ƛƴ ǇŀǘƛŜƴǘǎ ŀŦǘŜǊ ΨŎǳǊŀǘƛǾŜΩ t9!Φ ¢ƘŜǎŜ 

reductions are increasingly appreciable with exercise suggesting that exercise testing increases the sensitivity for 

detecting RV dysfunction. 



 

 
 

ICC17-4. MULTICENTER, OBSERVATIONAL SCREENING SURVEY FOR THE DETECTION OF CHRONIC 

THROMBOEMBOLIC PULMONARY HYPERTENSION FOLLOWING PULMONARY EMBOLISM 

N. Coquoz1, D. Weilenmann2, D. Stolz3, V. Popov4, A. Azzola5, J.-M. Fellrath6, H. Stricker7, A. Pagnamenta8, S. Ott9, 

S. Ulrich10, S. Györik11, J.-D. Aubert1 
1- Pulmonary Clinic, Lausanne University Hospital, Lausanne; 2- Division of Cardiology, Cantonal Hospital St. Gallen, St. Gallen; 3- Clinic of 

Respiratory Medicine and Pulmonary Cell Research, University Hospital Basel, Basel; 4- Pulmonary Clinic, Cantonal Hospital Luzern, Luzern; 5- 

Respiratory and Intensive Care Medicine, Civico Hospital, Lugano; 6- Service of Pulmonology, Hospital Pourtales, Neuchâtel; 7- Service of 

Angiology, Regional Hospital La Carità, Locarno; 8- Intensive Care Unit, Hospital of Mendrisio, Mendrisio; 9- Department of Pulmonary 

Medicine, University Hospital and University of Bern, Bern; 10- Clinic of Pulmonology, University Hospital of Zurich, Zurich; 11- Department of 

Internal Medicine and Pulmonary Medicine, Regional Hospital Bellinzona e Valli, Bellinzona, Switzerland 

 

 

 



 
Objectives:  

Primary objective 

Evaluate the incidence rate of chronic thromboembolic pulmonary hypertension (CTEPH) following pulmonary 

embolism (PE) 

Secondary objective 

Test the usefulness of a dyspnea based screening algorithm for diagnosing CTEPH after PE 

Methods: In a prospective, multicenter, observational phase V study, conducted between 2008 and 2015 we 

screened 1699 patients with PE in 11 Swiss pulmonary hypertension (PH) centers. 602 confirmed acute PE 

patients were included and followed over two years. 

 
 

Results: Our main finding is a cumulative CTEPH incidence of 0.79% over two years. We identified 4 cases on 508 

patients who completed the follow-up. The CTEPH incidence rate was 0.37% persons/year after PE in Switzerland. 

A match between the Swiss PH registry and our study database of all the 1699 screened patients strengthened 

our results. According to the registry, we missed no CTEPH case during our follow-up. Four additional cases 

ƻŎŎǳǊǊŜŘ ƛƴ ǘƘŜ ммфо ǇŀǘƛŜƴǘǎ ŜȄŎƭǳŘŜŘ ƻǊ ƛƴŎƻƳǇƭŜǘŜƭȅ ǎŎǊŜŜƴŜŘΦ ¢ƘŜǊŜŦƻǊŜΣ ƻǳǊ ǇǊƻǘƻŎƻƭ ŘƛŘƴΩǘ ǎŜƎǊŜƎŀǘŜ ŀ 

higher risk population. The dyspnea based screening algorithm yielded a sensitivity of 100% and a specificity of 

90.5%. Echocardiography in newly dyspneic patients showed a negative predictive value of 100%. 

Conclusion: To our knowledge, this multicenter prospective study on CTEPH is one of the largest cohorts 

conducted in PE patients. The screening algorithm was able to detect all CTEPH cases occurring in the 2 years 

following PE. The low 0.79% incidence, when compared to the ~25 new diagnosed cases/year in Switzerland, 

raises the importance of silent embolic events in the CTEPH pathogenesis. 

 



 
ICC17-6. LOW-GRADE SARCOMA ORIGINATING WITHIN THE THROMBOTIC MATERIAL IN CHRONIC 

THROMBOEMBOLIC PULMONARY HYPERTENSION (CTEPH) 
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Objectives: Patients with CTEPH complain exertion dyspnea, exercise intolerance, fatigue, occasional chest discomfort, 

syncope, hemoptysis and lower extremity edema.  A similar phenotype is caused by pulmonary artery sarcomas of intimal 

and mural origin may show. The diagnosis of sarcoma can be incidental in PEA samples. We describe a unique case of low-

grade intimal pulmonary sarcoma that originated within the thrombotic material of CTEPH. 

Case description: A 45-yers old man developed deep vein thrombosis (DVT) of the right leg and of the left leg 5 years 

later; 2 years later he complained chest pain and dyspnea (WHO-II): a CT scan showed pleural thickening and effusion. The 

cytological examination of the pleural fluid excluded malignancy. Symptoms did not worsen but persist. One year later, 

following an accidental crash, an angio-CT scan of the neck and chest showed vertebral fractures (C6-7) and right CTEPH. 

The patient underwent uncomplicated right PEA.  

The PEA samples showed a neoplastic proliferation in the context of the thrombotic layers. The immunophenotype was 

consistent with intimal sarcoma localized inside and entirely contained in thrombus.  After PEA, the patient recovered; his 

WHO class declined from III to I; staging was negative. The patient participated in the decision of maintaining deep 

monitoring and not to perform pneumonectomy or radiation therapy or chemotherapy. One year later, imaging 

confirmed a good lung perfusion and excluded malignancy.   

Conclusions: The one-year negative imaging follow-up supports our decision of monitoring the patient in a manner similar 

to that of the post-PEA in other patients with CTEPH. 
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Objectives: Recent case reports describe familial CTEPH in a sib pair1 and in a mother and son2. The estimate of 

familial aggregation in CTEPH is complex because it should distinguish the family history of risk factors vs. those of 

CTEPH.  

Methods: Since many years, we have implemented a genetic program to assess the familial risk of CTEPH. In this 

context, we identified a family in which two professional divers were diagnosed with CTEPH and underwent 

successful PEA at our institution.  

Results: The proband is a 42-year-old man who had a first episode of dyspnea while practicing diving with the 

support of breathing apparatus. The patient was diagnosed with chronic bronchitis. A few months later, after a 

syncope, a thoracic-CT was given negative. However, the dyspnea (WHO IV) increased; echocardiography 

documented pulmonary hypertension (PAPs 105mmHg); an angioCT showed bilateral thrombo-embolism, later 

confirmed as CTEPH. The patient underwent bilateral PEA. He is now well, 4 years after surgery. One of his 



 
paternal uncles, who shared with the proband the diving activity, also underwent successful PEA and is still doing 

well, 6 years after surgery. The pathology examination confirmed CTEPH in both samples series.   

Conclusions: The occurrence of venous gas emboli and pulmonary edema are well-known complications in divers. 

Vice versa, the possible link between diving activity and PE is unexplored. Our case may appear anecdotal: 

however, we believe that all possible triggers and circumstances should be systematically included in the list of 

anamnestic factors to be explored in patients with CTEPH. 
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Purpose: Although chronic thromboembolic pulmonary hypertension (CTEPH) is one of the most prevalent forms of 

pulmonary hypertension, it is still frequently underdiagnosed, and the true prevalence after acute pulmonary embolism 

(APE) is still undetermined. CTEPH is a potentially lethal condition and survivors of APE should be followed after the acute 

episode to detect signs or symptoms of CTEPH and determine the appropriate therapeutic strategy. The objective of this 

study was to analyze the association between CTEPH and APE with or without right ventricle dysfunction (RVD). 

Methods: We studied consecutive 729 patients (398F, age 64±10.6yrs) with objectively proven APE: 208 pts with RVD 

(ICD10:I26.0,RVD(+) group) and 521 pts without RVD (ICD10:I26.9,RVD(-) group). Pts with known precapillary pulmonary 

hypertension were excluded.  APE survivors were referred to our out-patient clinic for follow up, which also included 

CTEPH screening.  

Results: All cause in-hospital mortality RVD(+) group reached 10%(21/208), while in RVD(-) it was 4,4%(23/521). From 685 

survivors 314 pts completed at least 6 months follow-up (mean follow up 1.5±0.9yrs), while 361 others due to advanced 

age, severe comorbidities or distant residence were not controlled. Eventually, CTEPH was confirmed by right heart 

catheterization in 11(3,5%) of 314 pts. Importantly, 9(82%) CTEPH pts presented RVD during APE episode.   

Conclusion: Since the incidence of CTEPH after episode of APE reached 3.5% in pts with at least 6 months follow-up and 

most of them presented RVD during APE, we suggest that clinical screening with subsequent imaging diagnosis should be 

performed in APE survivors especially with RVD at presentation.   
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Background: A non-invasive screening algorithm for chronic thromboembolic pulmonary hypertension (CTEPH) 

after acute pulmonary embolism (PE) was recently constructed. We aimed to evaluate the sensitivity of the 

algorithm and assessed the reproducibility of the individual items of the algorithm. 

Methods: The algorithm was applied to 54 consecutive patients with confirmed CTEPH. Two independent 

researchers calculated the prediction score based on clinical characteristics at PE diagnosis, and evaluated the 



 
ECG and NT-proBNP level assessed at CTEPH diagnostic work-up. Interobserver agreement for assessment of the 

prediction score, RV/LV ratio measurement on CTPA as well as ECG reading was evaluated by calculating kappa 

statistics. 

Results: Median time between PE diagnosis and presentation with CTEPH was 8 months (interquartile range 5-

13). 52 patients (96%, 95%CI 87-100%) had a high prediction score and/or CTEPH specific symptoms. The ECG/NT-

proBNP combination was abnormal in 49 of 52 patients (94%, 84-99%). The sensitivity of the algorithm was 91% 

(79-97%), indicating that 27 of 30 cases of CTEPH would have been detected when applying the screening 

algorithm to 1000 random PE survivors with a 3% CTEPH incidence (projected negative predictive value 99.7%; 

99.1-99.9%). The interobserver agreement for calculating the prediction score, RV/LV ratio measurement and ECG 

reading was excellent with a kappa of 0.96, 0.95 and 0.89 respectively. 

Conclusion All components of the algorithm were highly reproducible. 91% of the CTEPH patients would have 

been identified by the algorithm, underlining its adequate sensitivity. Prospective validation of the algorithm in 

consecutive PE patients is required before clinical implementation.  
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Background: Chronic thromboembolic pulmonary hypertension (CTEPH) results from non-resolving thrombi in 

the pulmonary vasculature.  Patients after splenectomy are prone to complicated thrombosis and display a 

higher risk for venous thromboembolism and distal CTEPH.  Radioisotopic ventilation-perfusion scanning (V/Q 

scan) is a safe and highly sensitive test detecting pulmonary thromboembolic disease. We sought to assess the 

diagnostic value of V/Q scan in splenectomized CTEPH patients. 

Methods: In this prospective case control study we assessed V/Q scans of 77 patients with CTEPH, 10 of whom 

had undergone previous splenectomy.  CTEPH was confirmed invasively in all patients by right heart 

catheterization and digital subtraction pulmonary angiography.  V/Q scans were performed using 99mTc-

labelled aerosol for ventilation and 99mTc-labelled 10-40µm human albumin microaggregates for perfusion.  

Images were evaluated for the presence of CTEPH using the revised PIOPED II criteria. 

Results: The median time between splenectomy and V/Q scan was 14.9 years (range 3.8 ς 34.3 years).  V/Q 

scans in splenectomized CTEPH patients were normal in 4 cases (40%), showed a low probability in 3 cases (30%) 

and intermediate probability in 3 cases (30%). By contrast, V/Q scans in non-splenectomized CTEPH patients 

were high probability in 49 cases (73.1%).  CTEPH patients with a history of splenectomy had significantly more 

normal and low probability V/Q scans (both p<0.001) than CTEPH patients without prior splenectomy. 

Conclusions: V/Q scans may be negative or show a low probability for CTEPH in patients with a history of 

splenectomy. 
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Background: Pulmonary Endarterectomy (PEA) is the treatment of choice. Operability is determined by 

accessibility of thrombi, comorbidities and clinical situation.  

Purpose: evaluate current approach with Multidetector CT Angiography (MDCTA) and Pulmonary Angiography 

(PA) and propose a step-by-step approach based on MDCTA.  

Methods: in 2016, we prospectively analyzed all patients evaluated in multidisciplinary session. They all 

underwent MDCTA and PA. Figure 1 shows session algorithm. Thrombi located from the pulmonary trunk to 

proximal segmental were central.  

Results: 76 patients evaluated, 40 women (54,1%), age 57,9±1,7 years, 47 (62.7%) functional class III-IV, mPAP 

48,3±1,6 mmHg. 18 patients excluded: 13 poor quality of MDCTA, 1 no thrombi, 3 no PA and in 1 important delay 

MDCTA-PA. The mean time between MDCTA and PA, 101±18 days. Of 58 analysed, 33 patients (57%) were 

candidates for surgery based on MDCTA (32 central and 1 peripheral). After evaluating the PA, the final decision 

was PEA in all patients. 25 were not suitable for PEA after analysing only MDCTA (7 central thrombi and 18 

peripheral thrombi). After analyzing PA, from the group of central disease, they all were good candidates for PEA. 

From the group of peripheral thrombi, 3 patients were surgical. When studying the concordance between MDCTA 

and PA, we observed a good correlation (kappa index 0.75; p<0.01). 

Conclusions: a step-by-step approach based on MDCTA can be applied. In our population, up to 57% PA could 

have been avoided. Nevertheless, those patients who have distal thrombi have to be evaluated with PA before 

rejected for PEA. 
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Correlation between MDCTA and PA 

PA MDCTA Central Peripheral 

Central 42 5 

Peripheral 3 14 

p < 0,001 
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Objective: Pulmonary hypertension due to metastatic pulmonary arteries obstructions is an infrequent and 

fearsome disease with a very poor prognosis. It is generally misdiagnosed as a pulmonary thromboembolism. The 

life expectancy is related to the malignancy of tumor and to the development and progression of pulmonary 

hypertension. 

Methods: We present an unusual case of 63-year old woman affected by an intravascular lung metastases of a 

mesenchymal bone knee tumor. After an accurately diagnostic work-up, the neoplastic origin of the lesions into 

the pulmonary arteries was suspected. The hemodynamical conditions registered with the right heart 

catheterization were severe: the median pulmonary arterial pressure (mPAP) was 49 mmHg and pulmonary 

vascular resistances (PVR) were 651 dyne*sec*cm-5. A bilateral pulmonary endarterectomy was performed with 

multiple circulatory arrests and reperfusion periods, moderate hypothermia (24°C) and ventricular fibrillation. 

Results: An improvement of the clinical status of the patient was obtained after surgery: the reduction of mPAP 

and PVR registered were respectively 59% and 71%. The amelioration of the clinical condition after surgery 
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allowed to treat the patient also with an adjuvant chemotherapy to reduced the tumor progression. The patient 

died two years after surgery for metastatic cerebral lesions. 

Conclusions: Considering the malignancy of the primary neoplasm and the metastatic presentation, a curative 

and radical treatment is usually difficult to obtain. Thank to this multidisciplinary approach, an improvement of 

the survival was attained. 

 

 
 

Reconstruction of the tumor material removed from the pulmonary arteries. 

The material removed from the pulmonary arterial branches, from the right atrium and inferior vena cava.  
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Objective: We recently reported on the role of the Receptor for Advanced Glycation Endproducts(RAGE) in 

patients with chronic thromboembolic pulmonary hypertension(CTEPH). S100A4, an intra- and extracellular 

calcium-binding protein, interacts with RAGE, but is also a marker for the epithelial mesenchymal transition, as is 

the epithelial growth factor receptor (EGFR). We sought to investigate the role of S100A4 and EGFR in patients 

with CTEPH. Results were compared to patients with idiopathic pulmonary arterial hypertension (iPAH) and aortic 

valve stenosis (AVS).  

Methods: We recruited 37 CTEPH patients undergoing pulmonary endarterectomy (PEA), 19 iPAH patients 

undergoing lung transplantation(LuTX) and 15 patients with AVS undergoing aortic valve replacement(AVR). 

Thirty-nine healthy volunteers served as controls. Immunoassays were performed on serum samples collected 

before and after surgery. 

Results: S100A4 serum concentrations were significantly decreased in iPAH (mean±standard error mean: 

1.3±0.2ng/ml; p=0.002) and CTEPH (1.4±0.1ng/ml; p<0.001) compared to controls (2.1±0.1ng/ml). There was no 

significant difference in patients with AVS (2.3±0.2ng/ml) when compared to controls (p=0.435). EGFR serum 

concentrations of iPAH (38.6±2.2ng/ml), CTEPH (38.5±2.5ng/ml) and AVS (37.4±3.2ng/ml) patients were 



 
significantly decreased in comparison to healthy volunteers (47.4±1.7ng/ml; p=0.006, p=0.004, p=0.006, 

respectively). 

Conclusions: Further investigations into the pathophysiologic role of S100A4 and EGFR in patients with CTEPH and 

iPAH are warranted.  
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Objective: To investigate the prevalence of risk factors with a special focus on thyroid disease in patients with 

chronic thromboembolic pulmonary hypertension (CTEPH). 

Methods: Patients with operable CTEPH treated with pulmonary endarterectomy (PEA) at a single referral centre 

between 01/2014 and 12/2015 were studied. In a subgroup of 122 patients (51.5%), TSH, fT3, fT4 and TPO 

antibodies were measured in venous blood samples taken before PEA.  

Results: Overall, 237 patients (median age, 62 [52-72] years; 46.0% female; 78.5% NYHA class III/IV; mean PA 

pressure, 43 [34-50] mmHg) were studied. Almost all patients reported a history of venous thromboembolism 

(91.6%); of those, the majority had a pulmonary embolism (PE; 85.7%) and 32.9% more than one PE event. Risk 

factors are shown and compared to previous cohort studies in Figure 1. 

Fifty-five patients (23.2%) had a known thyroid disease (18.1% hypothyroidism; 5.1% hyperthyroidism) and of 

those, 90.9% received specific treatment. fT4 levels correlated weakly with cardiac output (r=-0.191; p=0.039) and 

were higher in patients who died in-hospital (1.4[1.2-1.5] vs 1.1[1.0-1.2]ng/dl; p=0.037) or during follow-up 

(1.4[1.1-1.6] vs 1.1[1.0-1.6]ng/ml; p=0.016). However, thyroid disease was not associated with outcomes. 

Conclusions: In 237 operable CTEPH patients, a history of VTE and thyroid disease were more common than 

previously reported. fT4 levels were higher in patients who died in-hospital or during long-term follow-up. 

 

  



 
Figure 1. Frequency of risk factors for CTEPH 
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Objective: Chronic thromboembolic pulmonary hypertension (CTEPH) as a multifactorial disease, ultimate to 

death, if unrecognized and untreated. The aim of the project is to identify the transcriptional regulatory landscape 

in CTEPH and compare the histopathological and molecular imprint with idiopathic PH (IPAH). 

Methods: Laser capture microdissection of vessels was performed on ex-vivo CTEPH, IPAH and donor lung tissues 

followed by microarray screening. In addition, from these lungs, vascular remodeling and collagen content were 

quantified. Total vessel density was evaluated by vWf and CD62P immunoreactivity. Comparable analysis was 

implemented on proximal and distal pulmonary endarterectomy (PEA) material.  

Results: Morphometric analysis confirmed similar extent of medial hypertrophy, yet differences in collagen 

deposition and vascularization between CTEPH and IPAH lungs, as compared to donors. Bioinformatics analysis of 

the microarray data revealed differently (607) and commonly (366) regulated genes and gene networks. Our in 

vitro studies, verified that two of the differently regulated genes in CTEPH i.e. CHI3L1 and ENPP2 (Chitinase 3-Like-

1 and Ectonucleotide pyrophosphatase/phosphodiesterase 2, respectively) promote neovascularization and 

migration of vascular cells. In the distal PEA tissues, elevated levels of angiogenic markers and an increased 



 
insoluble collagen were noted as compared to proximal PEA tissues. Importantly, microarray analysis suggests 

deregulation of several important transcription factor networks in the distal PEA tissue, suggesting their 

contribution to neovascularization and collagen synthesis.  

Conclusion: These studies highlight the activation of neoangiogenic processes in CTEPH, rather than in IPAH. 

Further studies will provide insights into the molecular mechanisms and can possibly contribute to identify novel 

therapeutic targets.   
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Objective: to assess the physical and mental state of patients with chronic thromboembolic pulmonary hypertension 

(CTEPH) using the «SF-36 Health Status Survey». 

Materials and methods: 15 patients with a confirmed diagnosis of CTEPH: 7 men (46,7%) and 8 women (53,3%). The 

average age of the patients was 60,1 ± 3,7 years. Patients completed the SF-36 quality-of-life questionnaire, assessed the 

extent of pulmonary hypertension, a six-minute walk test (6MWT) to determine the functional class (FC), the duration of 

symptoms and other.  

Results: the quality of life (QoL) indicators for women were lower in all scales than in men, but the reliability of differences 

was revealed only on the scale of physical functioning (p = 0,033), reflecting the degree of restriction of exercise. Analysis 

of the components of QoL, depending on the clinical data showed that the higher FC and the shorter the distance in 

6MWT, the lower the level of physical and mental functioning, the level of systolic pressure in the pulmonary artery 

correlates only with the index of physical functioning. The duration of the disease also affects the value of QoL indicators, 

patients during the 1-st year of treatment rated their general health condition much higher than patients with longer 

periods of treatment (p = 0,026). 

Discussion: SF-36 quality of life questionnaire is an actual, simple, accessible tool for assessing the main components of 

physical and mental health in patients with CTEPH in real clinical practice.  
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Objective: Follow-up catheterization study is usually performed on the patients with chronic thromboembolic pulmonary 

hypertension (CTEPH) who were received balloon pulmonary angioplasty (BPA). We sometimes experience the 

hemodynamic deterioration in follow-up phase.  While, a prognostic factor of hemodynamic stability is unclear. The 

purpose of this study is to clarify the prognostic factor of hemodynamic stability after BPA in patients with CTEPH. 

Method: We retrospectively analyzed 22 patients with CTEPH (age 62.8±13.6 year-old, 15 female). All patients were 

received BPA. Their mean pulmonary arterial pressure (mPAP) were improved below 30mmHg (26.9±3.0mmHg).  In 

follow-up catheterization study, hemodynamic stability was maintained in 15 patients, while hemodynamic deterioration 

was found in 7 patients.  Hemodynamic deterioration was defined as elevation of mPAP in follow-up study and/or 



 
requirement of additional BPA.  We retrospectively analyzed their hemodynamic and respiratory data from immediately 

before follow-up. 

Result: There were statistically significant differences in age and mixed venous oxygen saturation (SvO2) between stable 

and worsening patients (58.8±13.8 vs 71.5±8.2, 70.6±4.7 % vs 64.3±6.0%; p<0.05, respectively).  In multivariate analysis, 

independent prognostic factor of hemodynamic stability was SvO2 (OR,1.308; 95%CI, 1.001 to 1.710; p<0.05).  Receiver 

operating characteristic curve demonstrated SvO2 level as predictor of hemodynamic stability in follow-up phase with 

area under the curve of 0.81.  An SvO2 cut-off value above 68.5% had a 73% sensitivity and an 86% specificity. 

Conclusion: In follow-up patients with CTEPH, SvO2 can be a prognostic factor of hemodynamic stability after BPA. 

 

ICC17-18. SCREENING OF AUTO-ANTIBODIES IN PATIENT WITH CHRONIC THROMBOEMBOLIC PULMONARY 

HYPERTENSION (CTEPH) WITH PROTOARRAY® ANALYSIS 

A. Naito1, N. Tanabe1,2, T. Hiwasa3, T. Jujo1,2, T. Sugiura1, S. Sakao1, K. Tatsumi1 

1- Department of Respirology, Graduate School of Medicine, Chiba University; 2- Department of Advanced Medicine in Pulmonary Hypertension, 

Graduate School of Medicine, Chiba University; 3- Department of Biochemistry and Genetics, Graduate School of Medicine, Chiba University 

 

Objective: It has been reported that some circulating auto-antibodies have been detected in patients with 

cardiovascular diseases. However, the auto-antibodies in CTEPH patients were not well investigated so far. Here 

we investigated the circulating auto-antibodies in CTEPH patients using ProtoArray® and alpha-LISA analysis.  

Method: Subjects 

We collected the serum samples from CTEPH patients who were diagnosed with CTEPH at our institute from 2001 

to 2015. Healthy donors (HDs) were collected from those who underwent annual medical checkup.  

Measurement of the auto-antibody titer  

As a screening study, serum samples from 5 CTEPH patients and 5 HDs were profiled on ProtoArray® Human 

Protein Microarrays containing more than 9,000 human proteins. Pick-upped auto-antibodies were evaluated in 

serums from 96 CTEPH patients and 96 HDs using Amplified luminescence proximity homogenous assay (Alpha 

LISA). 

Result: We pick-upped 63 auto-antibodies of which CTEPH patients have high titers from the result of ProtoArray® 

analysis. Measuring the titers of those auto-antibodies using Alpha LISA analysis, we found that CTEPH patients 

have high titers of Exonuclease 3'-5' Domain Containing 2 (EXDL-2) antibody (CTEPH group;5997±4371, HD group; 

3801±2842) and Phosphorylated Adaptor For RNA Export (PHAX) antibody (CTEPH group;19261 ± 11182, HD 

group; 13371±7386). Those titers were not correlated with the hemodynamic parameters measured by right 

heart catheter. 

Conclusions: CTEPH patient had high titers for the two antibodies. Although the detail function of those 

antibodies remained unclear, further investigation might give us the information about the etiology of CTEPH.  
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Objective: We performed the study to identify the effect of multidisciplinary team (MDT) approach on the 

implementation rate of major diagnostic and therapeutic procedures that are essential for managing chronic 

thromboembolic pulmonary hypertension (CTEPH). 

Methods: We retrospectively analyzed the medical records of patients with CTEPH from December 1994 to December 

2016. We divided the period into pre- and post-MDT era based on November 2013, the date of establishment of MDT in 

our hospital. We compared the implementation rate of major diagnostic and therapeutic procedures between the eras. 

Results: Among 109 patients with CTEPH, mean age was 53.3 and 58 (53.2%) were male. Thirty-four (31.2%) patients 

were diagnosed at post-MDT era. For the diagnostic procedures, the implementation rates of pulmonary angiography and 

right heart catheterization were significantly increased at post-MDT era (20.0% [n=15] vs. 97.1% [n=33], p<0.001 and 

12.0% [n=9] vs. 97.1% [n=33], p<0.001, respectively). For the therapeutic procedures, the implementation rates of 

pulmonary endarterectomy and balloon pulmonary angioplasty were significantly increased after the establishment of 

MDT (33.3% [n=25] vs. 64.7% [n=22], p=0.002 and 0.0% [n=0] vs. 26.5% [n=9], p<0.001, respectively). The rate of patients 

treated with medication only was significantly decreased at post-MDT era (66.7% [n=50] vs. 11.8% [n=4], p<0.001).  

Conclusion: The MDT is associated with increased implementation rates of major diagnostic and therapeutic procedures 

of CTEPH, especially those are essential but hard to be performed due to technical barriers including pulmonary 

angiography, right heart catheterization, pulmonary endarterectomy and balloon pulmonary angioplasty. 

 

Table 1. Implementation rates of major diagnostic procedures 

 Pre-MDT era Post-MDT era p-value 

Patients with CTEPH, No. (%) 75 (68.8) 34 (31.2)  

V/Q scan, No. (%) 70 (93.3) 32 (94.1) > 0.999 

Pulmonary angiography, No. (%) 15 (20.0) 33 (97.1) < 0.001 

CT angiography, No. (%) 65 (86.7) 34 (100.0) 0.029 

Echocardiography, No. (%) 74 (98.7) 34 (100.0) > 0.999 

Right heart catheterization, No. (%) 9 (12.0) 33 (97.1) < 0.001 

Abbreviations: MDT = Multidisciplinary team; CTEPH = Chronic thromboembolic pulmonary hypertension; V/Q = 

Ventilation/Perfusion; CT = Computed Tomography. 

 

 

 



 
Table 2. Implementation rates of major therapeutic procedures 

 Pre-MDT era Post-MDT era p-value 

Patients with CTEPH, No. (%) 75 (68.8) 34 (31.2)  

PEA, No. (%) 25 (33.3) 22 (64.7) 0.002 

BPA, No. (%) 0 (0.0) 9 (26.5) < 0.001 

Medical treatment only, No. (%) 50 (66.7) 4 (11.8) < 0.001 

Abbreviations: MDT = Multidisciplinary team; CTEPH = Chronic thromboembolic pulmonary hypertension; PEA = 

Pulmonary endarterectomy; BPA = Balloon pulmonary angioplasty. 
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Objective: We present the first case of a primary extraskeletal myxoid chondrosarkoma (EMC) in the pulmonary 

artery (PA). 

Methods: A 21-year old female presented herself with progressive dyspnea. The diagnostic work up with CT scan 

showed a mass in the main trunk of the PA. Complete work up included echocardiography, positron-emission 

tomography, computed tomography, a heart MRI and V/Q scan of the lung and an immunological screen. 

Cytology of EBUS FNA showed myxoid proliferations, suggestive of a mesenchymal neoplasia 

Results: A pulmonary tumor endarterectomy with partial reconstruction of the right pulmonary artery in deep 

hypothermia without circulatory arrest was performed. The postoperative course was uneventful and she was 

discharged at day 6. 

The definitive histological examination revealed an EMC, usually found in the lower proximal extremities. A 

translocation of the EWSR1-gen in the q22;q12 locus was found as well as S100 negativity. Microscopic complete 

resection was proven in the distality of the endarterectomy specimen. 

No adjuvant therapy was performed. 14 months after surgery the patient is free of recurrence in follow-up CT 

scan and back to her normal work life and sports activity. 

Conclusions: EMC are a rarity within the mesenchymal tumors with an incidence of 2-3 % of all soft-tissue 

sarcoma and most likely occur in the proximal lower extremities. Prognosis is good with 5 year survival rate of 

about 90 % after complete resection. Localization in the PA has not been described so far. 



 

 
Figure: Contrast enhanced CT scan of the chest (A), PET/CT scan shows a limited FDG uptake (B), Tumor is located in the main 

PA (C) extending into the left and right trunk (D), where it is attached to the wall and was completely resected and right PA 

partially reconstructed (E). 
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REFERENCE 
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Objective: To assess the value of dual-energy CT pulmonary angiography (DECT) in patients with chronic 

thromboembolic pulmonary  hypertension (CTEPH) compared to V/Q Scan. 

Methods: From 09/2013 to 07/2016 12 CTEPH patients (6 females, median age 71 years) underwent DECT and 

V/Q scan. Iodine maps derived from DECT and axial and coronal reformations were interpreted. V/Q scan and 

DECT were assessed segment-wise by two radiologists independently using a 4 point Likert scale (0=normal; 3=no 

perfusion). Vascular involvement assessed on CT pulmonary angiography (CTPA) served as standard of reference, 

using a 4 point Likert scale (0=normal vessels; 3=occlusion of major segmental vessels). Interobserver agreement 

ōŜǘǿŜŜƴ ǊŜŀŘŜǊǎ ό/ƻƘŜƴΩǎ ƪŀǇǇŀύ ŀƴŘ ŘƛŀƎƴƻǎǘƛŎ ŀŎŎǳǊŀŎȅ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘΦ /ƻǊǊŜƭŀǘƛƻƴǎ ƻŦ ǎŎƻǊŜǎ ǿŜǊŜ ŎƻƳǇŀǊŜŘ 

ǳǎƛƴƎ {ǇŜŀǊƳŀƴΩǎ ǊƘƻΦ tғΦлр ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΦ 

Results: Interobserver agreement was higher for DECT compared to scintigraphy (kDECT=.65 versus kScinti=.45). 

Analysis of ROC curves showed that AUC for detection of perfusion deficiency were .727 and .711, respectively for 

DECT with p<.001 for both and .58 and .58 for scintigraphy with p=.037 and .044, respectively. DECT showed 

higher sensitivity and specificity compared to V/Q scans for detection of low perfused segments (sensitivity: 74% 

vs. 69%; specificity: 69% vs. 44%). Ratings of DECT and CTPA showed moderate (r=.46; p<.001) and ratings of 

scintigraphy and CTPA showed weak correlation (r=.23; p=.038). 

Conclusions: In our study, assessment of lung perfusion with DECT shows higher accuracy and is more robust 

compared to V/Q scans in patients with CTEPH, and might replace V/Q scans in the future. 
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Introduction: Diagnostic criteria and treatment are established in patients with CTEPH. It is less clear what to do 

in the context of CTED without pulmonary hypertension at rest. This is increasingly recognized as a cause of 

symptoms and exercise limitation post-pulmonary embolism.  

Methods: Between January 2015-2017 176 locally referred Papworth patients with suspected CTED/CTEPH 

underwent a standard assessment as per international guidelines. CTED was defined as symptomatic patients 

with technically operable disease and mPAP<25 mmHg. Patients diagnosed with CTED had an incremental 

cardiopulmonary exercise test (CPET) and exercise RHC at 40% maximum workload. Symptoms were measured by 

CAMPHOR questionnaire. All patients were assessed at the pulmonary endarterectomy (PEA) MDT. 

Results: Of 176 patients, 35(20%) were diagnosed with CTED. Airway obstruction was present in 14(40%). Peak 

oxygen consumption and symptoms correlated with VE/VCO2 at anaerobic threshold (p= 0.007, p=0.003 

respectively). Cardiac output increase on exercise at the time of RHC correlated with exercise capacity (p=0.019). 

17% of CTED patients underwent PEA. There were no significant changes in exercise capacity, symptoms, 

echocardiographic parameters or NT pro-BNP at one-year follow-up in the non-operated group.  

Conclusions: CTED accounts for a significant proportion of referrals to our center. The majority of CTED patients 

were not operated on but remained clinically stable during a one-year period. Coexisting cardiorespiratory 

disease needs careful assessment. The only haemodynamic measurement associated with symptoms and exercise 

capacity was increase in cardiac output on exertion. 
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J.S. Ota-Arakaki, R.P. Ramos, E.V.M. Ferreira, C.M.S. Messina, A. Cepeda, C. Costa, M.T. Rodrigues, C.G.Y. Verrastro, L.E. 

Nery 
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Rationale: Excessive ventilation and desaturation during exercise are hallmarks of chronic thromboembolic pulmonary 

hypertension (CTEPH). The increased dead space and inequalities in ventilation/perfusion distribution, associated to 

abnormal stimuli that reduced PaCO2 to sub-physiological levels can contribute to hyperventilation. Hypocapnia is 

established marker of prognosis in pulmonary arterial hypertension (PAH). Objective: To evaluate the prognostic value of 

hypocapnia in CTEPH patients.   

Methods: Fifty patients with nonoperable CTEPH, residual pulmonary hypertension after pulmonary endarterectomy or 

not operated by refusal (49±15 yrs, 66% female) were consecutively evaluated from September 2010 to August 2016. At 

baseline, patients performed arterial blood gas analysis, right heart catheterization and six-minute walk test.  

Results: During a median follow-up of 4.2 years (95% CI, 2.8-5.6), 15 deaths were recorded. Estimated survival was 85% at 

1 year (95% CI, 80-91); 80% at 2 yrs (95% CI, 74-86) and 77% at 3 yrs (95%CI, 71-83). At univariate analysis, mortality was 

associated with NYHA functional class III and IV [HR 10.2 (1.3-туύΣ Ǉ лΦлнрϐΣ ŎŀǊŘƛŀŎ ƛƴŘŜȄ ό/Lύ Җ мΦу[κƳƛƴκƳ2 [HR 3.4 (1.2-

фΦпύΣ Ǉ лΦлмтϐΣ ǇǳƭƳƻƴŀǊȅ ǾŀǎŎǳƭŀǊ ǊŜǎƛǎǘŀƴŎŜ όt±wύ җ млллdynes.s.cm-3 [HR 6.3 (1.7-22.6), p 0.005], pulmonary artery 

ŎƻƳǇƭƛŀƴŎŜ Җ лΦсƳ[κƳƳIƎ ώIw тΦп όнΦл-нсΦпύΣ Ǉ лΦллнϐΣ с ƳƛƴǳǘŜ ǿŀƭƪ ŘƛǎǘŀƴŎŜ Җ ослƳ ώIw 4.2 (1.1-15.3), p 0.03] and 

http://dynes.s.cm/


 
tŀ/hн Җ омƳƳIƎ ώIw рΦм όмΦп-18.1), p 0.012]. At bivariate analysis including CI and PaCO2Σ tŀ/hн Җ омƳƳIƎ ǿŀǎ ŀƴ 

independent risk factor for mortality [adjusted HR 3.9(1.08-14.8), p 0.039]. 

Conclusion: Hypocapnia at baseline is a marker of mortality in not operated CTEPH patients. 

 

ICC17-25. INSPIRATORY MUSCLE WEAKNESS CONTRIBUTES TO EXERTIONAL DYSPNEA IN CHRONIC 
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R.P. Ramos, E.V.M. Ferreira, J.V. Rolim, I. Ivanaga, G. Figliolino, E. Brito, L.E. Nery, J.A. Neder,  

J.S. Ota-Arakaki 
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wŀǘƛƻƴŀƭŜΥ tŀǘƛŜƴǘǎ ǿƛǘƘ /¢9tI ƻŦǘŜƴ ǇǊŜǎŜƴǘ ǿƛǘƘ ǎȅƳǇǘƻƳǎ ƻŦ ŜȄŜǊǘƛƻƴŀƭ ōǊŜŀǘƘŜƭŜǎǎƴŜǎǎ ŀƴŘ ŘŜŎǊŜŀǎŜ ƛƴ 

ŜȄŜǊŎƛǎŜ ǘƻƭŜǊŀƴŎŜΦ 5ŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ǇƻǘŜƴǘƛŀƭƭȅπǊŜǾŜǊǎƛōƭŜ ŦŀŎǘƻǊǎ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ŘȅǎǇƴŜŀ ǊŜƳŀƛƴǎ ŀƴ ǳƴƳŜǘ 

ŎƭƛƴƛŎŀƭ ƴŜŜŘ ƛƴ /¢9tIΦ  

hōƧŜŎǘƛǾŜΥ ¢ƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ƛƴǎǇƛǊŀǘƻǊȅ ƳǳǎŎƭŜ ǿŜŀƪƴŜǎǎ όLa²ύ ƻƴ ŜȄŜǊŎƛǎŜ ŎŀǇŀŎƛǘȅ ŀƴŘ ŘȅǎǇƴŜŀ 

ŘǳǊƛƴƎ ŜŦŦƻǊǘ ƛƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ /¢9tIΦ  

aŜǘƘƻŘǎΥ ¢ƘƛǊǘȅπƴƛƴŜ ǇŀǘƛŜƴǘǎ ǿƛǘƘ /¢9tI όпу ҕ мр ȅǊǎΣ см҈ ŦŜƳŀƭŜύΣ ŎƻƴŦƛǊƳŜŘ ōȅ ǊƛƎƘǘ ƘŜŀǊǘ ŎŀǘƘŜǘŜǊƛȊŀǘƛƻƴΣ 

ǳƴŘŜǊǿŜƴǘ ŀƴ ƛƴŎǊŜƳŜƴǘŀƭ ŎŀǊŘƛƻǇǳƭƳƻƴŀǊȅ ŜȄŜǊŎƛǎŜ ǘŜǎǘΣ сπƳƛƴǳǘŜ ǿŀƭƪ ǘŜǎǘ ŀƴŘ ƳŀȄƛƳǳƳ ƛƴǎǇƛǊŀǘƻǊȅ ǇǊŜǎǎǳǊŜ 

όaLtύ ƳŜŀǎǳǊŜƳŜƴǘΦ  

wŜǎǳƭǘǎΥ aLt ғ тл҈ǇǊŜŘ ǿŀǎ ŦƻǳƴŘ ƛƴ пс҈ ƻŦ ǇŀǘƛŜƴǘǎΦ hƴ ŀ ƳǳƭǘƛǇƭŜ ƭƛƴŜŀǊ ǊŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎΣ ƛƴŎƭǳŘƛƴƎ ǇǳƭƳƻƴŀǊȅ 

ǾŀǎŎǳƭŀǊ ǊŜǎƛǎǘŀƴŎŜ όt±wύ ŀƴŘ bŜǿ ¸ƻǊƪ IŜŀǊǘ !ǎǎƻŎƛŀǘƛƻƴ ŦǳƴŎǘƛƻƴŀƭ Ŏƭŀǎǎ όb¸I! C/ύΣ aLt ǿŀǎ ƛƴŘŜǇŜƴŘŜƴǘƭȅ 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ сa²5 ŀƴŘ ±ɧhн t9!YΦ Lƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ǇǊŜǎŜǊǾŜŘ ƛƴǎǇƛǊŀǘƻǊȅ ƳǳǎŎƭŜ ǎǘǊŜƴƎǘƘΣ ǘƘƻǎŜ 

ǿƛǘƘ La² ǇǊŜǎŜƴǘŜŘ ǎǘǊƻƴƎŜǊ ǎŜƴǎŀǘƛƻƴǎ ƻŦ ŘȅǎǇƴŜŀ ǘƘǊƻǳƎƘƻǳǘ ŜȄŜǊŎƛǎŜΣ ŜǾŜƴ ǿƘŜƴ ŀŘƧǳǎǘŜŘ ŦƻǊ ǾŜƴǘƛƭŀǘƛƻƴ 

όǇғлΦлрύΦ  

/ƻƴŎƭǳǎƛƻƴΥ IMW is associated with dyspnea and poor exercise capacity in patients with CTEPH. 



 

Medical treatment and interventional treatment 
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hōƧŜŎǘƛǾŜǎΥ ¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘŜ ǎǘǳŘȅ ǿŀǎ ǘƻ ŀǎǎŜǎǎ ƘŜƳƻŘȅƴŀƳƛŎ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭ ǇŀǊŀƳŜǘŜǊǎ ƛƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ 

ƛƴƻǇŜǊŀōƭŜ ƻǊ ǇŜǊǎƛǎǘŜƴǘ ŎƘǊƻƴƛŎ ǘƘǊƻƳōƻŜƳōƻƭƛŎ ǇǳƭƳƻƴŀǊȅ ƘȅǇŜǊǘǊƴǎƛƻƴ ώ/¢9tIϐ ŀŦǘŜǊ ǘƘŜ ƳŜŘƛŎŀǘƛƻƴ ŎƘŀƴƎŜ 

ŦǊƻƳ ǎƛƭŘŜƴŀŦƛƭ ǘƻ ǊƛƻŎƛƎǳŀǘ ǿƘŜƴ ǘƘŜ ŘǊǳƎ ōŜŎŀƳŜ ŎƻƳƳŜǊŎƛŀƭȅ ŀǾŀƛƭŀōƭŜΦ  

aŜǘƘƻŘǎΥ ²Ŝ ŜƴǊƻƭƭŜŘ нп ǇŀǘƛŜƴǘǎ ǿƛǘƘ ǘƘŜ ŘƛŀƎƴƻǎŜ ƻŦ ƛƴƻǇŜǊŀōƭŜ ƻǊ ǇŜǊǎƛǎǘŜƴǘ /¢9tI ŎƻƴŦƛǊƳŜŘ ōȅ /¢9tIπ

ǘŜŀƳΦ !ƭƭ ǎǳōƧŜŎǘǎ ǇǊŜǾƛƻǳǎƭȅ ǘǊŜŀǘŜŘ ŀǘ ƭŜŀǎǘ о ƳƻƴǘƘǎ ǿƛǘƘ ǎƛƭŘŜƴŀŦƛƭ ŘƻǎŜŘ нрƳƎ ƻǊ ƘƛƎƘŜǊ ǘƘǊŜŜ ǘƛƳŜǎ Řŀƛƭȅ ǿŜǊŜ 

ǎǿƛǘŎƘŜŘ ǘƻ ǊƛƻŎƛƎǳŀǘ ǘƘŜǊŀǇȅ ƛƴ ƎǊŀŘǳŀƭƭȅ ŜǎŎŀƭŀǘŜŘ ŘƻǎŜǎΦ ¢ƘŜ ŀǎǎŜǎǎǘƳŜƴǘ ƻŦ ²Ih ŦǳƴŎǘƛƻƴŀƭ ŎƭŀǎǎΣ сπƳƛƴǳǘŜ 

ǿŀƭƪ ŘƛǎǘŀƴŎŜ ώсa²5ϐΣ ŀƴŘ ƛƴǾŀǎƛǾŜ ƘŜƳƻŘȅƴŀƳƛŎǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƛƴ ŀƭƭ ǎǳōƧŜŎǘǎ ƛƴ ǘƘǊŜŜ ǘƛƳŜ ǇƻƛƴǘǎΥ ōŜŦƻǊŜ 

ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǎƛƭŘŜƴŀŦƛƭ ǘƘŜǊŀǇȅΣ ŘǳǊƛƴƎ ǘƘŜ ǎƛƭŘŜƴŀŦƛƭ ǘƘŜǊŀǇȅ ŀƴŘ о ǘƻ с ƳƻƴǘƘǎ ŀŦǘŜǊ ǘƘŜ Ŧƛƴŀƭ ǊŀƴƎŜ ƻŦ 

ǊƛƻŎƛƎǳŀǘ ǿŀǎ ǊŜŀŎƘŜŘΦ bƻ ōŀƭƭƻƻƴ ǇǳƭƳƻƴŀǊȅ ŀƴƎƛƻǇƭŀǎǘȅ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ƻŦ ŘǊǳƎǎ ǊŜǇƭŀŎŜƳŜƴǘ 

ŀƴŘ Ŧƻƭƭƻǿ ǳǇΦ 

wŜǎǳƭǘǎΥ !ŦǘŜǊ ǘƘŜ ƳŜŘƛŎŀǘƛƻƴ ŎƘŀƴƎŜ ŦǊƻƳ ǎƛƭŘŜƴŀŦƛƭ ǘƻ ǊƛƻŎƛƎǳŀǘ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŎǊŜŀǎŜ ƻŦ ŎŀǊŘƛŀŎ ƻǳǘǇǳǘ όпΣнҕлΣф Ǿǎ 

пΣсҕлΣу ƭκƳƛƴΤ ǇҐлΣлоύΣ ǎƛƎƴƛŦƛŎŀƴǘ ŘŜŎǊŜŀǎŜ ƻŦ ǇǳƭƳƻƴŀǊȅ ǾŀǎŎǳƭŀǊ ǊŜǎƛǎǘŀƴŎŜ όфΣтҕпΣу Ǿǎ уΣрҕоΣф ²ƻƻŘ ǳΦΤ 

ǇҐлΣлоύΣ ǎƛƎƴƛŎŀƴǘ ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ сa²5 όнтпҕмтт Ǿǎ омсҕмом ƳΤ ǇҐлΣлпύ ǿŜǊŜ ƻōǎŜǊǾŜŘΦ aƻǊŜƻǾŜǊΣ ǎƛƎƴƛŦƛŎŀƴǘ 

ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ²Ih ŦǳƴŎǘƛƻƴŀƭ Ŏƭŀǎǎ ǿŀǎ ŀƭǎƻ ƴƻǘƛŎŜŘ όǇғлΣлрύΦ 

/ƻƴŎƭǳǎƛƻƴǎΥ wŜǇƭŀŎŜƳŜƴǘ ǎƛƭŘŜƴŀŦƛƭ ōȅ ǊƛƻŎƛƎǳŀǘ ƛƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ƛƴƻǇŜǊŀōƭŜ ƻǊ ǇŜǊǎƛǎǘŜƴǘ /¢9tI ǎƛƎƴƛŦƛŎŀƴǘƭȅ 

ǊŜŘǳŎŜǎ ǇǳƭƳƻƴŀǊȅ ǾŀǎŎǳƭŀǊ ǊŜǎǎƛǎǘŀƴŎŜΣ ƛƴŎǊŜŀǎŜǎ ŎŀǊŘƛŀŎ ƻǳǘǇǳǘΣ ƛƳǇǊƻǾŜǎ сa²5 ŀƴŘ ²Ih ŦǳƴŎǘƛƻƴŀƭ ŎƭŀǎǎΦ 

 

Non-operable or persistent CTEPH (n=24) 

Hemodynamics 
NO 

(baseline) 

NO vs SIL 

p 
SIL 

SIL vs RIO 

p 
RIO 

NO vs RIO 

p 

SIL vs RIO 

mean % of 

change 

HR [u/min.] 78,7 ± 26,0 0,94 78,3 ± 16,6 0,16 81,3 ± 20,1 0,43 - 

SAP [mmHg] 129,2 ± 18,0 0,77 128,6 ± 17,7 < 0,01 117,4 ± 12,8 < 0,01 - 9% 

DAP [mmHg] 78,9 ± 11,3 0,11 75,7 ± 11,1 < 0,01 67,4 ± 8,6 < 0,01 - 11% 

mRAP [mmHg] 8,8 ± 4,3 0,47 8,2 ± 3,9 0,87 8,2 ± 3,9 0,50 - 

sPAP [mmHg] 89,3 ± 18,0 0,22 84,1 ± 18,7 0,18 80,5 ± 22,4 0,07 - 

dPAP [mmHg] 34,4 ± 9,9 0,03 30,9 ±10,7 0,04 29,0 ±10,3 < 0,01 - 6% 

mPAP [mmHg] 55,3 ± 12,3 0,04 49,7 ± 13,1 0,19 47,9 ± 14,0 0,01 - 

PCWP [mmHg] 10,7 ± 3,1 0,44 11,2 ± 2,6 0,02 10,1 ± 2,76 0,45 - 10% 

CO [l/min] 4,2 ± 1,0 0,64 4,2 ± 0,9 0,03 4,6 ± 0,8 0,04 + 9% 

CI [l/min*m
2
] 2,4 ± 0,6 0,85 2,4 ± 0,6 0,04 2,6 ± 0,5 0,04 + 8% 

PVR [Wood U.] 11,1 ± 3,6 0,13 9,7 ± 4,8 0,03 8,5 ± 3,9 < 0,01 - 13% 

SVR [Wood U.] 20,6 ± 4,7 0,22 19,4 ± 5,0 <0,01 16,4 ± 3,4 < 0,01 -16% 



 

Functional assesment and NT-proBN 

6MWT [m] - - 274 ± 177 0,04 316 ± 131 - + 14% 

NT-proBNP [pg/ml] - - 1774 ± 2068 0,18 1362 ± 1248 - - 

CǳƴŎǘƛƻƴŀƭ ŎŀǇŀŎƛǘȅ ό²Ihύ 

I 

II 

III 

IV 

0 

2 

18 

4 

 

<0,05 

1 

6 

17 

0 

 

<0,05 

2 

7 

15 

0 

 

<0,01 

 

- 

bh ς ǿƛǘƘƻǳǘ ŀƴȅ ǎǇŜŎƛŦƛŎ ǘǊŜŀǘƳŜƴǘΣ {L[ ς ǘǊŜŀǘŜŘ ōȅ ǎƛƭŘŜƴŀŦƛƭΣ wLh ς ǘǊŜŀǘŜŘ ōȅ ǊƛƻŎƛƎǳŀǘΣ Iw ς ƘŜŀǊǘ ǊŀǘŜΣ {!t ς ǎȅǎǘƻƭƛŎ ŀǊǘŜǊƛŀƭ 
ǇǊŜǎǎǳǊŜΣ 5!t ς ŘƛŀǎǘƻƭƛŎ ŀǊǘŜǊƛŀƭ ǇǊŜǎǎǳǊŜΣ Ƴw!t ς ƳŜŀƴ ǊƛƎƘǘ ŀǘǊƛŀƭ ǇǊŜǎǎǳǊŜΣ ǎt!t ς ǎȅǎǘƻƭƛŎ ǇǳƭƳƻƴŀǊȅ ŀǊǘŜǊȅ ǇǊŜǎǎǳǊŜΣ Řt!t 
ς ŘƛŀǎǘƻƭƛŎ ǇǳƭƳƻƴŀǊȅ ŀǊǘŜǊȅ ǇǊŜǎǎǳǊŜΣ Ƴt!t ς ƳŜŀƴ ǇǳƭƳƻƴŀǊȅ ŀǊǘŜǊȅ ǇǊŜǎǎǳǊŜΣ t/²t ς ǇǳƭƳƻƴŀǊȅ ŎŀǇƛƭƭŀǊȅ ǿŜŘƎŜ ǇǊŜǎǎǳǊŜΣ 
/h ς ŎŀǊŘƛŀŎ ƻǳǘǇǳǘΣ /L ς ŎŀǊŘƛŀŎ ƛƴŘŜȄΣ t±w ς ǇǳƭƳƻƴŀǊȅ ǾŀǎŎǳƭŀǊ ǊŜǎƛǎǘŀƴŎŜΣ {±w ς ǎȅǎǘŜƳƛŎ ǾŀǎŎǳƭŀǊ ǊŜǎƛǎǘŀƴŎŜΣ сa²¢ ς ǎƛȄ 
ƳƛƴǳǘŜǎ ǿŀƭƪ ǘŜǎǘΣ b¢πǇǊƻ.bt ς bπǘŜǊƳƛƴŀƭ ǇǊƻ ōπǘȅǇŜ ƴŀǘǊƛǳǊŜǘƛŎ ǇŜǇǘƛŘŜ 

 

ICC17-23. EFFICACY OF PULMONARY HYPERTENSION-TARGETED DRUGS FOR CHRONIC THROMBOEMBOLIC 

PULMONARY HYPERTENSION AFTER PERCUTANEOUS TRANSLUMINAL PULMONARY ANGIOPLASTY 

R. Yanagisawa1, T. Inami1, M. Kataoka2, H. Ishiguro1, K. Takeuchi1, H. Kikuchi1, A. Goda1, H. Yoshino1, T. Satoh1 
1- Second Department of Internal Medicine, Kyorin University School of Medicine; 2- Department of Cardiology, Keio University School of Medicine 

 

Objectives: The purpose of this study was to investigate the effectiveness of PH-targeted drugs for CTEPH after 

PTPA. 

Methods: This study retrospectively included 128 patients with CTEPH who underwent PTPA by August 2016. 

Fifty-nine patients discontinued PH-targeted drugs on the basis of attaining less than 25mmHg of mean 

pulmonary artery pressure (PAP) after PTPA. Hemodynamic parameters were compared among baseline, after 

PTPA and after withdrawal of PH-targeted drugs.  

Results: The median age, dilated vessels per person and observational period from the final PTPA to the 

withdrawal of drugs was 64[58-72] years old, 16[12-20] vessels and 362[268-496] days, respectively.  

The number of patients with each PH-targeted drug was broken down to 51(86%) in phosphodiestrase-V 

inhibitors, 50(80%) in endothelin receptor antagonists and 3(5%) in riociguat. The number of patients with 

combination medical therapy was 49(80%). There was no significant difference in PAP between after PTPA and 

after withdrawal of drugs. However, cardiac Index(CI) and Pulmonary vascular resistance(PVR) were significantly 

worsened after withdrawal of drugs (baseline vs. after PTPA vs. after withdrawal of drugs; PAP: 38[32-43] vs. 

19[16-22] mmHg vs. 20[16-23], P<0.01; PVR: 6.4[4.8-10.4] vs. 1.9[1.5ς2.7] vs. 3.0[2.1-3.7], P<0.01, CI: 2.6[2.2ς3.1] 

vs. 3.0[2.6ς3.4] vs. 2.7[2.4-3.0], P<0.01). 

Conclusions: It may be possible to safely discontinue PH-targeted drugs after an improvement of the 

hemodynamics to normal range with PTPA, but small degree of small vessel disease persists after PTPA, 

aggravating pulmonary hemodynamics after withdrawal of PH-targeted drugs, which thus affecting cardiac 

function in addition to pulmonary vasculature. 

 

 



 
ICC17-26. RESIDUAL RIGHT VENTRICULAR DYSFUNCTION AND REMODELING AFTER BALLOON PULMONARY 

ANGIOPLASTY IN CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION: PREVALENCE, CLINICAL 

CHARACTERISTICS AND PREDICTORS 

R. Asano1, T. Ogo1, 2, K. Ogo3, S. Fukui1, T. Fukuda4, A. Tsuji1, J. Ueda1, N. Konagai1, Y. Morita3, S. Yasuda5  
1Division of Pulmonary Circulation, Department of Cardiovascular Medicine; 2Department of Advanced Medicine for Pulmonary 

Hypertension; 3Department of Pathology; 4Department of Radiology; 5Department of Cardiovascular Medicine; 1-5National Cerebral and 

Cardiovascular Center, Osaka, Japan 
 

hōƧŜŎǘƛǾŜΥ .ŀƭƭƻƻƴ ǇǳƭƳƻƴŀǊȅ ŀƴƎƛƻǇƭŀǎǘȅ ό.t!ύ ƛƳǇǊƻǾŜǎ ƘŜƳƻŘȅƴŀƳƛŎǎΣ ǊƛƎƘǘ ǾŜƴǘǊƛŎǳƭŀǊ όw±ύ ŦǳƴŎǘƛƻƴ ŀƴŘ 

ǇǊƻƎƴƻǎƛǎ ƛƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ŎƘǊƻƴƛŎ ǘƘǊƻƳōƻŜƳōƻƭƛŎ ǇǳƭƳƻƴŀǊȅ ƘȅǇŜǊǘŜƴǎƛƻƴ ό/¢9tIύΦ wŜǎƛŘǳŀƭ w± ǊŜƳƻŘŜƭƛƴƎ ƛǎ 

ƻƴŜ ƻŦ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ƛǎǎǳŜǎΣ ǿƘƛŎƘ Ƴŀȅ ƛƴŦƭǳŜƴŎŜ ŎƭƛƴƛŎŀƭ ƻǳǘŎƻƳŜ ŀƴŘ ǘǊŜŀǘƳŜƴǘ ǎǘǊŀǘŜƎȅΦ ¢Ƙƛǎ ǎǘǳŘȅ ŀƛƳŜŘ ǘƻ 

ŎƭŀǊƛŦȅ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǊŜǎƛŘǳŀƭ w± ǊŜƳƻŘŜƭƛƴƎ ŀŦǘŜǊ .t!Φ 

aŜǘƘƻŘǎΥ ²Ŝ ǊŜǘǊƻǎǇŜŎǘƛǾŜƭȅ ƛƴŎƭǳŘŜŘ су ŎƻƴǎŜŎǳǘƛǾŜ /¢9tI ǇŀǘƛŜƴǘǎ ǿƘƻ ǳƴŘŜǊǿŜƴǘ .t! ŀƭƻƴƎ ǿƛǘƘ 

ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ƳŀƎƴŜǘƛŎ ǊŜǎƻƴŀƴŎŜ ό/awύΦ wŜǎƛŘǳŀƭ w± ǊŜƳƻŘŜƭƛƴƎ ǿŀǎ ŘŜŦƛƴŜŘ ŀǎ w± ŜƴŘπŘƛŀǎǘƻƭƛŎ ǾƻƭǳƳŜ 

ό95±LύҔмллƳƭκƳн ŀƴŘ w± ŜƧŜŎǘƛƻƴ ŦǊŀŎǘƛƻƴ ό9Cύғпр҈Φ ²Ŝ ŘƛǾƛŘŜŘ ŀƭƭ ǇŀǘƛŜƴǘǎ ƛƴǘƻ ǊŜǎƛŘǳŀƭ w± ǊŜƳƻŘŜƭƛƴƎ όwwwύ ŀƴŘ 

ƴƻǊƳŀƭƛȊŜŘ w± ǊŜƳƻŘŜƭƛƴƎ όbwwύ ƎǊƻǳǇ ǳǎƛƴƎ /aw ŀǘ оπƳƻƴǘƘ ŦƻƭƭƻǿπǳǇ ŀŦǘŜǊ .t! ǎŜǊƛŜǎΦ 

wŜǎǳƭǘǎΥ .t! ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƳǇǊƻǾŜŘ ŎƭƛƴƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎ ƻƴ ŀǾŜǊŀƎŜΦ ²Ŝ ŎŀǘŜƎƻǊƛȊŜŘ ǇŀǘƛŜƴǘǎ ƛƴǘƻ www όрс҈ύ ŀƴŘ 

bww ƎǊƻǳǇ όпп҈ύΦ !ǘ ōŀǎŜƭƛƴŜΣ www ƎǊƻǳǇ ƘŀŘ ƘƛƎƘŜǊ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ƳŀƭŜΣ ƘƛƎƘŜǊ .bt ƭŜǾŜƭΣ ƳƻǊŜ ǇǊƻƭƻƴƎŜŘ vw{ 

ŘǳǊŀǘƛƻƴΦ www ƎǊƻǳǇ ǎƘƻǿŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƭŀǊƎŜǊ w±95±L ŀƴŘ ǿƻǊǎŜ w±9C ŀǘ ōƻǘƘ ōŀǎŜƭƛƴŜ ŀƴŘ ŦƻƭƭƻǿπǳǇΦ !ǘ Ŧƻƭƭƻǿπ

ǳǇΣ ²Ih ŦǳƴŎǘƛƻƴŀƭ ǎǘŀǘǳǎ ƛƴ www ƎǊƻǳǇ ǿŀǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǿƻǊǎŜ ǘƘŀƴ ǘƘŀǘ ƛƴ bww ƎǊƻǳǇΣ ŀƭǘƘƻǳƎƘ ƴƻ ŘŜŀǘƘ ŀƴŘ 

ƘƻǎǇƛǘŀƭƛȊŀǘƛƻƴ ǿŀǎ ƻōǎŜǊǾŜŘΦ bƻ ǎƛƎƴƛŦƛŎŀƴǘ ƘŜƳƻŘȅƴŀƳƛŎǎ ŘƛŦŦŜǊŜƴŎŜǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ƛƴ ōƻǘƘ ƎǊƻǳǇǎ ŀǘ Ŧƻƭƭƻǿπ

ǳǇΦ hƴ ƳǳƭǘƛǾŀǊƛŀōƭŜ ƭƻƎƛǎǘƛŎ ǊŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎΣ ƳŀƭŜΣ ǇǊƻƭƻƴƎŜŘ vw{ ŀƴŘ ƭƻǿŜǊ w±9C ŀǘ ōŀǎŜƭƛƴŜ ǿŜǊŜ 

ƛƴŘŜǇŜƴŘŜƴǘƭȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǊŜǎƛŘǳŀƭ w± ǊŜƳƻŘŜƭƛƴƎ ŀŦǘŜǊ .t!Φ 

/ƻƴŎƭǳǎƛƻƴǎΥ ²Ŝ ŦƻǳƴŘ ƘƛƎƘ ƛƴŎƛŘŜƴŎŜ ƻŦ ǳƴǊŜŎƻƎƴƛȊŜŘ ǊŜǎƛŘǳŀƭ w± ǊŜƳƻŘŜƭƛƴƎ ǿƛǘƘ ǿƻǊǎŜ ǎȅƳǇǘƻƳǎ ŀǘ ǎƘƻǊǘπ

ǘŜǊƳ ŦƻƭƭƻǿπǳǇ ŀŦǘŜǊ .t! ŀƭōŜƛǘ ƘŜƳƻŘȅƴŀƳƛŎǎ ƛƳǇǊƻǾŜƳŜƴǘΦ aŀƭŜΣ ǇǊƻƭƻƴƎŜŘ vw{ ŀƴŘ ƭƻǿŜǊ w±9C ŀǘ ōŀǎŜƭƛƴŜ 

ǿŜǊŜ Ǌƛǎƪ ŦŀŎǘƻǊǎ ƻŦ ǊŜǎƛŘǳŀƭ w± ǊŜƳƻŘŜƭƛƴƎ ŀŦǘŜǊ .t!Φ 
 

ICC17-27. BALLOON PULMONARY ANGIOPLASTY FOR CTEPH: 3-YEARS EXPERIENCE FOCUSED ON SAFETY AND 

EFFICACY IN 128 PATIENTS 

P. Brenot, L. Moisson, C. Garcia, B. Gerardin, E. Fadel 
Marie Lannelongue Hospital, Le Plessis Robinson, France 

 

Objectives: to report safety and efficacy of balloon pulmonary angioplasty (BPA) in CTEPH since the beginning of 

our experience in february 2014. 

Methods: we rewieved :  

1 - procedural complications in 128 patients (706 sessions) : complications was classified in 3 types : 

« mechanical » (distal perforation, dissection, rupture), reperfusion pulmonary injury (RPI)using Inami 

classification and « others η όǊŜƴŀƭ ƛƴǎǳŦŦƛŎƛŜƴŎȅΣ ƭƻŎŀƭ ƘŜƳŀǘƻƳŀΣ ΧύΦ  

2 ς clinical and hemodynamic follow-up at 6 monthes : NYHA class, 6 minutes walking distance, hemodynamic 

datas (mean PAP, cardiac index, pulmonary vascular resistance). 

Results: they are summarized in the following tables : 

 

 



 
Complications % sessions % patients 

Mechanical 6,2% 30% 

RPI 7% 32,5% 

Others 1% 5,1% 

Deaths related to BPA 0,5% 3% 

Mean PAP is the strongest predictor of RPI in multivariate analysis. Mechanical complications and RPI were more 

frequently observed in the first half of patients. 

FOLLOW-UP Baseline Follow-up  p value 

NYHA 2,81 ± 0,6 1,68 ± 0,6 < 0 ,001 

6MWT 397 ± 137 446 ± 125 < 0 ,001 

Mean RAP 8,2 ± 3,8 7 ± 4,5 0,063 

Mean PAP 44,7 ± 10, 4 29,7 ± 9 < 0 ,001 

Cardiac index 2,62 ± 0,6 3,01 ± 0,6 < 0 ,001 

PVR 8,1 ± 3,1 3,6 ± 1,5 < 0 ,001 

Conclusions: BPA is effective in improving clinical conditions and pulmonary hemodynamic in patients presenting 

inoperable CTEPH, but  serious complications are not so infrequent. This invasive  must be performed in 

experienced centers having all the means necessary to manage this patients. 

 

ICC17-28. WARFARIN PHARMACOGENETICS IN CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION (CTEPH) 

D. Di Pernaa, C. Giordanob, V. Favallib, A. Smirnovab, M. Urtisb, A. Sciortinoa, V. Graziolia, M. Pina, V.N. Merlia, B. 

Vaninia, A. Celentanoa, I. PaǊƛǎƛŀΣ 9Φ !ǊōǳǎǘƛƴƛōΣ !ΦaΦ 5Ω!ǊƳƛƴƛŀ 
Department of Cardio-Thoracic and Vascular Surgery; Centre for Inherited Cardiovascular Disease, Transplant Research Area; Foundation 

άLΦwΦ/Φ/Φ{Φ tƻƭƛŎƭƛƴƛŎƻ {ŀƴ aŀǘǘŜƻέΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ tŀǾƛŀ {ŎƘƻƻƭ ƻŦ aŜŘƛŎƛƴŜΣ tŀǾƛŀΣ Ltaly 

 

Objective: The genotypes of cytochrome-P450 (CYP) 2C9 variants (*2,R144C and *3,I359L) and vitamin K epoxide 

ǊŜŘǳŎǘŀǎŜ ŎƻƳǇƭŜȄ м ό±Yhw/м ŎΦҍмсофDҔA) influence warfarin dosing and are incorporated in algorithms used to 

predict stable warfarin dose. They explain 10% to 45% of the overall variance. We investigated the genotypes of 

P450 (CYP) 2C9 and VKORC1 in a consecutive series of patients with CTEPH who underwent PEA.     

Methods: The clinical series is constituted of 365 patients, 177 males and 188 females, median age 55 (IQR:41-

66). All patients had CTEPH and were treated with oral anticoagulation at individually adjusted doses. All patients 

signed an informed consent for genetic testing. We investigated the Minor Allele Frequency (MAF) of VKORC1 (c.-

1639G>A), CYP2C9*2 (R144C;rs1799853) and  CYP2C9*3 (I359L;rs1057910). The MAF was compared with that of 

EU population as reported in large public databases [Exome Variant Server-EVS; 1000Genomes(1K); EXAC].  

Results: The genotypes are reported in the table. MAF was similar in our CTEPH cohort and in EU population.  

 

 GENOTYPE(366 PATIENTS) MAF(732 alleles)  

 GG GA AA MAF in CTEPH MAF EU POPULATION (1K/EXAC/EVS) -value 

VKORC1 (c.-1639G>A) 130 169 67 0.41 0.38/-/ - p=0.7 

CYP2C9*2 (R144C) 269 90 7 0.14 0.12/0.09/0.13 p=0.57 

CYP2C9*3 (I359L) 302 62 2 0.09 0.07/0.06/0.066 P=0.47 

The levels of INR were within ranges (2-3.5) in 231/366 patients (63%). Genotypes and MAF were not significantly 

different in patients with INR in range vs. out-of-range. 

Conclusions: At present, pharmacogenetics does not explain the individual differences in INR (range or out of 

range) in chronically anti-coagulated patients with CTEPH. 



 
ICC17-29. PREOPERATIVE MONOTHERAPY WITH PHOSPHODIESTERASE-5 INHIBITOR, ENDOTHELIN RECEPTOR 

ANTAGONIST, OR RIOCIGUAT DOES NOT AFFECT OUTCOMES AFTER PULMONARY 

THROMBOENDARTERECTOMY 

T.M. Fernandes1, B. Hsu1, D.G. Papamatheakis1, D.S. Poch1, P.F. Fedullo1, N.H. Kim1, K.M. Kerr1, V.G. Pretorius2, 

M.M. Madani2, W.R. Auger1 
1- University of California, San Diego; Division of Pulmonary and Critical Care Medicine; 2- University of California, San Diego; Department of 

Surgery; Division of Cardiothoracic Surgery 

 

Objective: Use of pulmonary arterial hypertension (PAH)-targeted oral medical therapy prior to pulmonary 

thromboendarterectomy (PTE) is common among patients referred to our center. Whether the use of various 

classes of these medications affects outcomes from this procedure has not been adequately investigated.  

Methods: In order to assess class effects on PTE outcomes, we reviewed consecutive patients referred to UCSD 

for PTE and compared patients on no PAH-targeted medical therapy to those treated with monotherapy with 

either phosphodiesterase type 5-inhibitors (PDE5i), endothelin receptor antagonists (ERA), or soluble guanylate 

cyclase stimulator (sGCS). Patients on combination therapy were excluded. A multivariate logistic regression was 

completed to examine the effects of monotherapy with one of the three classes on outcomes from PTE surgery 

(including mortality, residual pulmonary hypertension with PVT >400 dyn.sec.cm-5, and reperfusion lung injury).  

Results: Of the 521 patients operated on between 2013 and 2015, 48.0% were on pre-operative PAH-targeted 

medical therapy. After excluding those on combination therapy, there were 80 patients on PDE5i, 68 patients on 

sGCS, and 16 on ERA. In a multivariate logistic regression model which adjusted for age, sex, BMI, right atrial 

pressure, PVR, cardiac index, history of VTE, and disease level, there was no significant increase in the odds a 

patient pre-treated with any of the three classes of PAH-targeted oral medications on post-operative mortality, 

residual pulmonary residual pulmonary hypertension, reperfusion lung injury or pulmonary hemorrhage (Table 1).  

Conclusions: Preoperative monotherapy with PDE5i, sGCS, or ERA does not significantly increase the incidence of 

any important morbidity or mortality after PTE surgery.  

 

 
 

ICC17-30. RIOCIGUAT FOR INOPERABLE CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION: RESULTS 

FROM A PHASE II LONG-TERM EXTENSION STUDY 

M. Halank1, M.M. Hoeper2, H.A. Ghofrani3,4, F.J. Meyer5, G. Stähler6, J. Behr7, M. Fletcher8, P. Colorado9, S. 

Nikkho10, S. Hoernig11, F. Grimminger3 
1- Medical Clinic 1/Pneumology, University Hospital Carl Gustav Carus, Dresden, Germany; 2- Clinic for Respiratory Medicine, Hannover 

Medical School, Hannover, Germany, member of the German Center of Lung Research (DZL);  
3- University of Giessen and Marburg Lung Center (UGMLC), Giessen, Germany, member of the German Center of Lung Research (DZL); 4- 

Department of Medicine, Imperial College London, London, UK; 5- Department of Cardiology and Respiratory Medicine, University Hospital, 

Number of Patients

Mortality

 OR (95% CI)

Residual PH

OR (95% CI)

Reperfusion Lung Injury

OR (95% CI)

Pulmonary Hemorrhage

OR (95% CI)

No Drug 271 Reference Reference Reference Reference

PDE5i 80 1.552 (0.202-8.187)2.332 (0.862-6.221) 1.869 (0.954-3.601) 1.773 (0.651-4.550)

sGCs 68 NA 1.845 (0.619-5.147) 1.598 (0.763-3.223) 1.029 (0.277-3.089)

ERA 16 5.414 (0.233-52.172)2.377 (0.320-11.593) 1.845 (0.464-6.108) NA

Table 1. Multivariate Logistic Regression for Single Treatment Effect on Various Post PTE Outcomes

PTE = pulmonary thomboendarterectomy; PH = pulmonary hypertension; RPE = reperfusion edema; PDE5i = phosphodiesterase type 5 inhibitor; sGCs = soluble 

guanylate cyclase stimulator; ERA = endothelin receptor antagonist (Of note, there were no deaths among patients on sGCs alone and no episodes of pulmonary 

hemorrhage among patietns on ERA alone so OR cannot be calculated for either of these groups.)



 
Heidelberg, Germany; 6- Medical Clinic 1, Loewenstein Clinic GmbH, Loewenstein, Germany; 7- Department of Internal Medicine V, University 

of Munich and Asklepios Fachkliniken Munich-Gauting, Munich, Germany, member of the German Center of Lung Research (DZL); 8- Global 

Clinical Development, Bayer plc, Newbury, UK; 9- Global Clinical Development, Bayer AG, Barcelona, Spain; 10- Global Clinical Development, 

Bayer AG, Berlin, Germany; 11- Global Medical Affairs, Bayer AG, Berlin, Germany 

 

Objectives: In a 12-week Phase II trial of patients with pulmonary arterial hypertension (n=33) and inoperable 

chronic thromboembolic pulmonary hypertension (CTEPH; n=42), riociguat was well tolerated and improved 6-

minute walking distance (6MWD) and World Health Organization functional class (WHO FC). We assessed the 

tolerability and efficacy of riociguat in the subgroup of patients with inoperable CTEPH in the long-term extension 

(LTE) phase of the study.  

Methods: During this multicenter, open-label, uncontrolled LTE study (NCT00454558), riociguat dose was 

ŀŘƧǳǎǘŜŘ ŀǘ ǘƘŜ ǇƘȅǎƛŎƛŀƴΩǎ ŘƛǎŎǊŜǘƛƻƴ όǊŀƴƎŜ ƻŦ лΦрς2.5 mg tid). The primary outcome was safety and tolerability; 

secondary outcomes included 6MWD, WHO FC, and survival.  

Results: Forty-one patients with inoperable CTEPH entered the LTE, with 23 (56%) remaining on riociguat at the 

final cut (median treatment duration 77 months). The most common adverse events were nasopharyngitis (59%) 

and peripheral edema (39%). No patients experienced hemoptysis. At Month 48, mean±SD 6MWD had improved 

by 59±82 m (n=27), and WHO FC had improved/stabilized/worsened versus baseline in 46/46/7% of patients 

(n=28). Four-year survival was 91% and 26 (63%) patients experienced a clinical worsening event. The most 

common event was starting a new PH treatment (46%).  

Conclusions: Long-term use of riociguat was safe and well tolerated in patients with inoperable CTEPH. 

Improvements in 6MWD and WHO FC were maintained at 4 years in those patients continuing treatment. These 

data support riociguat as a long-term treatment option for inoperable CTEPH. 

 

ICC17-31. FOCUSED BALLOON PULMONARY ANGIOPLASTY FOR TRULY NON-OPERABLE CHRONIC 

THROMBOEMBOLIC PULMONARY HYPERTENSION ς THE UK EXPERIENCE 

S.P. Hoole1, G. Coghlan2, J. Cannon3, K. Sheares3, M. Toshner3, D. Taboda3, C. Ng4, D. Jenkins4,  

J. Pepke-Zaba3 
1- Interventional Cardiology, Papworth Hospital, Papworth Everard, Cambridge, CB233RE, UK; 2- Interventional Cardiology, Royal Free 

Hospital, Pond Street, London NW3 2QG, UK; 3- Pulmonary Vascular Disease Unit, Papworth Hospital, Papworth Everard, Cambridge, 

CB233RE, UK; 4- Cardiothoracic Surgery, Papworth Hospital, Papworth Everard, Cambridge, CB233RE, UK 

 

Objective: Balloon Pulmonary Angioplasty (BPA) is emerging as a viable treatment for Chronic Thromboembolic 

Pulmonary Hypertension (CTEPH), although the potential benefits and safety of BPA have not been fully described 

in a truly non-operable cohort of patients, carefully selected at a surgical multi-disciplinary team meeting. We 

assessed the clinical results of a focused BPA approach, treating disease largely confined to basal sub-segmental 

arteries (A8-10), in patients with distal, non-operable CTEPH. 

Methods:  Sixteen (7%) of the total referred patients with CTEPH were selected for BPA from October 2015 to 

February 2017. Preoperative assessment included right heart catheterisation, cardiopulmonary exercise test 

(CPET), distance covered on a 6-minute walk test (6MWT), pro-NT brain natriuretic peptide (pro-NT BNP) level 

and RV function and dimensions by transthoracic echocardiography. These measurements were repeated 3-

months (where possible) after completion of treatment and compared.   

Results: Forty-five procedures were performed in 16 patients (mean age 64, 11 male, median 3 procedures per 

patient) treating 89 vessels (Left A8 ς n=16, A9 ς n=14, A10 ς n=13, other ς n=2; Right A8 ς n=16, A9 ς n=8, A10 ς 



 
n=14, other ς n=6). We observed 4 minor complications (3 femoral haematoma and 1 radiological-evidence of 

lung reperfusion injury not requiring oxygen therapy) but no major complications or deaths. Baseline and 3-

month data (Table 1) indicate improvements in haemodynamic, exercise capacity and RV function indices. 

Conclusions: Focused BPA, targeting lesions in the basal sub-segmental pulmonary arteries that receive the most 

pulmonary blood flow, achieves haemodynamic improvement and clinically important benefits with relatively few 

treatments required per-patient and few complications. 

 

Variable Baseline + 3-months* p-value 

RAP, mmHg 8.8±4.0 5.6±2.3 <0.001 

RVEDP, mmHg 11.5±6.1 7.1±2.5 0.02 

mPAP, mmHg 44.0±11.7 34.1±7.9 0.004 

COT, L/min 4.6±1.1 4.9±1.3 0.18 

PVRT, Dynes.cm-5 623±239 411±142 0.001 

VO2 max, ml/min/kg 17.5±5.0 17.8±3.8 0.45 

6MWT, metres 399±113 455±97 0.02 

Pro-NT BNP, pg/mL 1087±1162 441±689 0.07 

TAPSE, cm 1.9±0.5 2.2±0.5 0.44 

RV mid-diameter, cm 4.4±1.1 3.2±0.2 0.45 
RAP ς right atrial pressure, RVEDP ς right ventricular end diastolic pressure, mPAP ς mean pulmonary artery pressure, COT ς cardiac output 

by thermodilution, PVRT ς pulmonary vascular resistance by thermodilution, VO2 max ς maximum oxygen consumption, 6MWT ς 6-minute 

walk test; TAPSE ς Tricuspid annular plane systolic excursion.  

Table 1: Pulmonary haemodynamics, exercise capacity and echocardiographic / biomarker assessment of RV 

function at baseline and 3-months after BPA (* not all 16 patients have completed 3-month follow-up at the time 

of submission).  

 

ICC17-32. EFFICACY OF PTPA FOR LONG-TERM OUTCOME IN CHRONIC THROMBOEMBOLIC PULMONARY 

HYPERTENSION 

T. Inami1, M. Kataoka2, H. Ishiguro1, R. Yanagisawa1, K. Takeuchi1, H. Kikuchi1, A. Goda1, H. Yoshino1, T. Satoh1 
1- Second Department of Internal Medicine, Kyorin University School of Medicine; 2- Department of Cardiology, Keio University School of 

Medicine 

 

Purpose: The purpose of this study was to investigate the 3-year outcome and efficacy in pulmonary 

hemodynamics after PTPA.  

Methods: This study retrospectively included 180 patients with inoperable CTEPH patients who underwent PTPA 

until October 2016. Firstly, we investigated the 3-year survival and restenosis. Secondary, hemodynamic 

parameters such as mean pulmonary arterial pressure (PAP), pulmonary vascular resistance (PVR) at baseline, 

after short-term (0.5-1.5 years), mid-term (1.5-3.5 years) and long-term (> 3.5 years)  

Results: A median of age, PTPA session performed per person and dilated vessels per person was 66[55-74] years 

old, 4[2-4] and 15[10-20] respectively. 1-year, 3-year, and 5-year survival (all-cause) were 98.9% (95% confidence 

interval [CI], 94.9-99.7), 98.1% (95% CI, 93.7-99.3), and 95.8% (95%CI, 85.9-98.6), respectively. Time-course 

changes of hemodynamics after percutaneous transluminal pulmonary angioplasty (PTPA) in patients with chronic 

thromboembolic pulmonary hypertension. Mean pulmonary arterial pressure (PAP) was least squares mean of 

37.9 mmHg (95%CI, 36.6-39.3) at baseline, and changed to 22.3 mmHg (95%CI, 20.8-23.7) at short-term, 20.8 

mmHg (95%CI, 19.1-22.5) at mid-term, and 19.3 mmHg (95%CI, 16.5-22.0) at long-term after PTPA (all P<0.001 vs. 



 
baseline, respectively). Pulmonary vascular resistance (PVR) was 7.9 Wood units (95%CI, 7.4-8.4) at baseline, and 

changed to 2.9 Wood units (95%CI, 2.4-3.5) at short-term, 2.9 Wood units (95%CI, 2.3-3.6) at mid-term, and 2.4 

Wood units (95%CI, 1.3-3.5) at long-term after PTPA (all P<0.001 vs. baseline, respectively).  

Conclusions: The findings of the present study demonstrate that long-term favorable outcomes after PTPA can be 

expected in patients with CTEPH. 

 

ICC17-33. EFFICACY AND SAFETY OF MACITENTAN FOR INOPERABLE CHRONIC THROMBOEMBOLIC PULMONARY 
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Kremlin-Bicêtre, France; 3- Department of Cardio-Thoracic and Vascular Surgery, Heart and Lung Transplantation and Pulmonary 
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Objective: The randomized, double-blind MERIT study (NCT02021292) evaluated the endothelin receptor 

antagonist macitentan in primary inoperable CTEPH. 

Methods: Patients in WHO functional class (FC) IIςL± ǿƛǘƘ ŀ ǇǳƭƳƻƴŀǊȅ ǾŀǎŎǳƭŀǊ ǊŜǎƛǎǘŀƴŎŜ όt±wύ җплл 

ŘȅƴϊǎŜŎκŎƳ5 and 6-minute walk distance (6MWD) of 150-450 m were randomized 1:1 to placebo or macitentan 10 

mg once daily and treated for 24 weeks. Inoperability/eligibility was assessed by an independent adjudication 

committee. Phosphodiesterase type-5 inhibitors (PDE-5i) or oral/inhaled prostanoids were allowed for patients in 

WHO FC IIIςIV. The primary endpoint was PVR at Week 16, expressed as percent of baseline. The main secondary 

endpoint was mean change from baseline to Week 24 in 6MWD. Exploratory endpoints included mean change 

from baseline to Week 16 in cardiac index (CI) and mean right atrial pressure (mRAP), and percent of baseline N-

terminal pro B-type natriuretic peptide (NT-proBNP) at Week 24.  

Results: 80 patients were randomized to macitentan (n=40) or placebo (n=40). At baseline, 61% were receiving 

PAH therapy; 96% PDE-5i. Compared with placebo, PVR and 6MWD significantly improved in the macitentan-

treated group (Table). The treatment effect on PVR and 6MWD was similar regardless of baseline PAH treatment. 

Exploratory endpoints also improved in the macitentan-treated group (Table). Most common adverse events 

(macitentan versus placebo) were peripheral edema (22.5% vs. 10.0%) and decreased hemoglobin/anemia (17.5% 

vs. 2.5%). Five patients (placebo) prematurely discontinued treatment. Two patients (placebo) died.  

Conclusion: In the MERIT study, macitentan led to significant improvements in cardiopulmonary hemodynamics 

and exercise capacity in inoperable CTEPH patients and was well tolerated. 
 

 

 

 

 



 
Table 

 

Baseline (N=40) 
Mean (SD) 

Post-baseline* (N=40) 
Mean (SD) 

% of baseline 
Geometric mean 

(95% CL) 
 

Treatment 
effect (Ratio)** 

(95% CL) 
p value 

Placebo Macitentan Placebo Macitentan Placebo Macitentan 

PVR, 
ŘȅƴϊǎŜŎκŎƳ5 

(primary 
endpoint) 

984 (487) 929 (380) 899 (476) 723 (454) 
87.2 

(78.5, 96.7) 
73.0 

(63.6, 83.8) 

0.84 
(0.70, 0.99) 

p=0.04 

NT-proBNP, 
pg/mL 

1793 (2075) 2204 (2943) 1433 (1450) 1553 (2252) 
90.9 

(76.5, 107.9) 
72.6 

(61.2, 86.2) 

0.79 
(0.63, 0.99) 

p=0.04 

 

Baseline (N=40) 
Mean (SD) 

Post-baseline* (N=40) 
Mean (SD) 

Change from baseline 
Mean (SD) 

Treatment 
effect 

(Difference)** 
(95% CL) 
p value 

Placebo Macitentan Placebo Macitentan Placebo Macitentan 

6MWD, m 
(secondary 
endpoint) 

351 (74) 353 (88) 352 (121) 388 (83) 1.0 (83.2) 35.0 (52.5) 
34.0 

(2.9, 65.2) 
p=0.03 

mRAP, mmHg 8.7 (5.2) 10.4 (8.1) 8.6 (5.3) 7.8 (5.9) ҍ0.1 (3.5) ҍ2.6 (8.4) 
ҍ1.47 

όҍоΦттΣ лΦупύ 
p=0.21 

CI, L/min/m2 2.2 (0.6) 2.2 (0.5) 2.2 (0.5) 2.6 (0.8) 0.0 (0.4) 0.4 (0.7) 
0.43 

(0.18, 0.67) 
p<0.001 

*Post-baseline is Week 16 for PVR, mRAP and CI, and Week 24 for 6MWD and NT-proBNP 
**From ANCOVA model adjusted by variable at baseline as covariate 
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Introduction: We describe two cases of our cohort with complications regarding anticoagulation management 

and intra-operative difficulties where the common factor was the use of one of the new oral anticoagulant drugs 

(NOAC).  

Case 1: Female, 38 year old, with situs inversus, diagnosed with CTEPH, and she was in use of rivaroxaban on the 

last 5 months.  

submitted to pulmonary endarterectomy, being surgery succesfull and post surgery recovery as expected. 

She was discharged with Warfarin, as our routine for post surgery anticoagulation, with INR of 3, and with good 

exercise recovery. 

After 1 month, as she lives in a remote place and had difficulties in INR controll, the cardiologist with our 

agreement changed her to rivaroxaban once more. 



 
After 4 months of surgery she returns to ER with dyspnea, and Angio CT showed a segmental accute pulmonary 

embolism (PE). 

Six months after surgery another acute PE, confirmed with Angio CT to be almost all lower lobe. 

 

Case 2: Male, 48 year old, with no co-morbidities and confirmed diagnosis of CTEPH, referred to us for surgery 

evaluation. He was already in use of rivaroxaban because of his pulmonologist preference, and reporting mild 

worsening od exercise capacity in the last 6 months.  

admitted at the emergency department with acute worsening of symptoms, and a new echocardiogram showed 

presence of thrombotic material at the main pulmonary artery, causing major obstruction.  

at surgery lot of acute and sub-acute clots were found, making surgery more difficult because of the volume they 

make inside the vessel, making the dissection harder. 
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hōƧŜŎǘƛǾŜΥ Lƴ ǇŜǊŦƻǊƳƛƴƎ ōŀƭƭƻƻƴ ǇǳƭƳƻƴŀǊȅ ŀƴƎƛƻǇƭŀǎǘȅ ό.t!ύ ŦƻǊ /¢9tI ǇŀǘƛŜƴǘǎΣ ǿŜ ƻǊƛƎƛƴŀƭƭȅ ǘǊƛŜŘ ǘƻ Ŧǳƭƭȅ ŘƛƭŀǘŜ 

ǘǿƻ ƭŜǎƛƻƴǎ ƛƴ ƛƴƛǘƛŀƭ ǇǊƻŎŜŘǳǊŜ ŀƴŘ ǊŜǇŜŀǘŜŘ ǇǊƻŎŜŘǳǊŜǎ ŦƻǊ ƻǘƘŜǊ ƭŜǎƛƻƴǎΦ {ƛƴŎŜ нлмпΣ ǿŜ ǘƻǘŀƭƭȅ ŎƘŀƴƎŜŘ ƻǳǊ .t! 

ǎǘǊŀǘŜƎȅΦ /ǳǊǊŜƴǘƭȅΣ ǿŜ ŘƛƭŀǘŜ ŀǎ Ƴŀƴȅ ƭŜǎƛƻƴǎ ŀǎ ǇƻǎǎƛōƭŜ ǿƛǘƘ ǎƳŀƭƭŜǎǘ ōŀƭƭƻƻƴ ƛƴ ƛƴƛǘƛŀƭ ǇǊƻŎŜŘǳǊŜ ŀƴŘ ǘƘŜƴ 

ƻǇǘƛƳƛȊŜ ǘƘŜ Řƛƭŀǘƛƻƴ ƻŦ ǘƘŜ ƭŜǎƛƻƴǎ ǿƛǘƘ ōƛƎƎŜǊ ōŀƭƭƻƻƴ ƛƴ ŦƻƭƭƻǿƛƴƎ ǇǊƻŎŜŘǳǊŜǎΦ ²Ŝ ƛƴǾŜǎǘƛƎŀǘŜŘ ŘƛŦŦŜǊŜƴŎŜ ƻŦ 

ƻǳǘŎƻƳŜ ōŜǘǿŜŜƴ ǇǊŜǾƛƻǳǎ ŀƴŘ ŎǳǊǊŜƴǘ ǎǘǊŀǘŜƎƛŜǎΦ   

aŜǘƘƻŘǎΥ hƴŜ ƘǳƴŘǊŜŘ ŦƻǊǘȅ ǘƘǊŜŜ /¢9tI ǇŀǘƛŜƴǘǎ ǿŜǊŜ ŜƴǊƻƭƭŜŘΦ tŀǘƛŜƴǘǎ ŘƛǾƛŘŜŘ ƛƴǘƻ н ƎǊƻǳǇǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 

ŘŀǘŜ ƻŦ ǘƘŜƛǊ ƛƴƛǘƛŀƭ ǇǊƻŎŜŘǳǊŜ όǇǊŜǾƛƻǳǎ ƎǊƻǳǇΤ уо ǇŀǘƛŜƴǘǎ ǿƘƻ ǳƴŘŜǊǿŜƴǘ ƛƴƛǘƛŀƭ .t! ōŜŦƻǊŜ bƻǾŜƳōŜǊ нлмпΣ 

ŎǳǊǊŜƴǘ ƎǊƻǳǇΤ сл ǇŀǘƛŜƴǘǎ ǿƘƻ ǳƴŘŜǊǿŜƴǘ ƛƴƛǘƛŀƭ .t! ŀŦǘŜǊ bƻǾŜƳōŜǊ нлмпύΦ 9ŦŦƛŎŀŎȅ ŀƴŘ ǎŀŦŜǘȅ ƻŦ .t! ƛƴ н ƎǊƻǳǇǎ 

ǿŜǊŜ ƛƴǾŜǎǘƛƎŀǘŜŘΦ 9ŦŦƛŎŀŎȅ ƻǳǘŎƻƳŜ ǿŜǊŜ ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ ƳŜŀƴ ǇǳƭƳƻƴŀǊȅ ŀǊǘŜǊȅ ǇǊŜǎǎǳǊŜ όƳt!tύ ŀƴŘ ŎŀǊŘƛŀŎ 

ƛƴŘŜȄ ό/Lύ ŀŦǘŜǊ ŦƻǳǊǘƘ .t! ǇǊƻŎŜŘǳǊŜǎΦ {ŀŦŜǘȅ ƻǳǘŎƻƳŜ ǿŀǎ ŦǊŜǉǳŜƴŎȅ ƻŦ ǎŜǾŜǊŜ ŎƻƳǇƭƛŎŀǘƛƻƴǎ ŀŦǘŜǊ .t! ƴŜŜŘƛƴƎ 

ƛƴǘǊŀǘǊŀŎƘŜŀƭ ƛƴǘǳōŀǘƛƻƴ ƻǊ ŜȄǘǊŀŎƻǊǇƻǊŜŀƭ ƳŜƳōǊŀƴŜ ƻȄȅƎŜƴŀǘƛƻƴ ό9/ahύΦ  

wŜǎǳƭǘǎΥ {ƛƎƴƛŦƛŎŀƴǘ ŘŜŦŜǊŜƴŎŜ ǿŀǎ ƴƻǘ ƻōǎŜǊǾŜŘ ƛƴ ŜŦŦƛŎŀŎȅ ƻǳǘŎƻƳŜ ōŜǘǿŜŜƴ ǇǊŜǾƛƻǳǎ ŀƴŘ ŎǳǊǊŜƴǘ ƎǊƻǳǇǎ όƳt!tΥ 

πмсΦф ҕ мΦс ǾǎΦ πмтΦс ҕ мΦс ƳƳIƎΣ ǇҐлΦотΣ /LΥ ҌлΦпн ҕ лΦмп ǾǎΦ ҌлΦмф ҕ лΦмн [κƳƛƴκƳнΣ ǇҐлΦмлύΦ LƴǘǊŀǘǊŀŎƘŜŀƭ 

Lƴǘǳōŀǘƛƻƴ ŀƴŘ 9/ah ǿŜǊŜ ƴŜŜŘŜŘ ƛƴ у ǇŀǘƛŜƴǘǎ όфΦс҈ύ ŀƴŘ с ǇŀǘƛŜƴǘǎ όтΦн҈ύ ƛƴ ǇǊŜǾƛƻǳǎ ƎǊƻǳǇΣ ǿƘŜǊŜŀǎ ƴƻƴŜ ƻŦ 

ǘƘŜ ǇŀǘƛŜƴǘǎ ƛƴ ŎǳǊǊŜƴǘ ƎǊƻǳǇ ŜȄǇŜǊƛŜƴŎŜŘ ǎŜǾŜǊŜ ŎƻƳǇƭƛŎŀǘƛƻƴǎΦ 

/ƻƴŎƭǳǎƛƻƴǎΥ hǳǊ ŎǳǊǊŜƴǘ ǎǘǊŀǘŜƎȅ ŎƻǳƭŘ ƛƳǇǊƻǾŜ ǘƘŜ ǎŀŦŜǘȅ ƻŦ .t! ǿƘƛƭŜ ƪŜŜǇƛƴƎ ǘƘŜ ŜŦŦƛŎŀŎȅ ƻŦ .t!Φ 
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Objective: Balloon pulmonary angioplasty (BPA) is recently reported to be effective for selected patients with 

chronic thromboembolic pulmonary hypertension (CTEPH). However, all reports are results from a relatively small 

cohort treated at a single center. We conducted a retrospective multicenter registry to evaluate safety and 

efficacy of BPA. 

Methods: A total of 308 patients who underwent BPA between November 2004 and March 2013 were registered 

at 7 institutions in Japan. Data were retrospectively analyzed to evaluate clinical outcome and complications. 

Survival from the initial BPA session was evaluated. 

Results: Hemodynamic parameters were significantly improved in 249 patients in whom all sessions were 

completed. Mean pulmonary arterial pressure decreased by 19 mmHg after final BPA. In 196 patients who 

underwent right heart catheterization at follow-up, improvement of hemodynamic parameters was maintained. 

Complications occurred in 36.6% of a total of 1408 sessions. Most of them were related to procedure: reperfusion 

pulmonary injury (17.8%), hemoptysis (14.0%), and pulmonary artery perforation (2.9%). Death occurred in 12 

patients during follow-up. The leading causes of death were right heart failure, multi-organ failure, and sepsis. 

Overall survival was 99.6% at 1 year and 98.4% at 3 years after the initial BPA session. 

Conclusions: The first multicenter registry in Japan revealed that BPA performed at experienced pulmonary 

hypertension centers is a safe and effective therapeutic option in patients with CTEPH. Further investigation is 

needed to confirm long-term safety and efficacy of BPA. 

 

ICC17-37. RIOCIGUAT FOR CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION (CTEPH): 2-YEAR RESULTS 

FROM THE CHEST-2 LONG-TERM EXTENSION 
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Objective: Riociguat significantly improved 6-minute walking distance (6MWD) and other efficacy endpoints in 

patients with inoperable or persistent/recurrent CTEPH in the 16-week CHEST-1 trial. We present 2-year data 

from the CHEST-2 long-term extension. 

Methods: The primary endpoints were safety and tolerability; secondary endpoints included 6MWD, WHO 

functional class (FC), N-terminal prohormone of brain natriuretic peptide (NT-proBNP), survival, and clinical 

worsening-free survival. KaplanςMeier analyses and a Cox proportional-hazards regression model were used to 

assess correlation between efficacy parameters and long-term outcomes. 

Results: Of 243 patients who completed CHEST-1, 237 (98%) entered CHEST-2. At this cut-off (March 2014) most 

ǇŀǘƛŜƴǘǎ ƘŀŘ ōŜŜƴ ǘǊŜŀǘŜŘ ŦƻǊ җн ȅŜŀǊǎΦ wƛƻŎƛƎǳŀǘ ǿŀǎ ǿŜƭƭ ǘƻƭŜǊŀǘŜŘ ŀƴŘ ƴƻ ƴŜǿ ǎŀŦŜǘȅ ǎƛƎƴŀƭǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘΦ 

Serious adverse events occurred in 129 (54%) patients (8% considered drug-related) and 14 (6%) patients 

discontinued therapy because of adverse events. Mean±SD 6MWD improved from CHEST-1 baseline by 50±68 m 



 
(n=162) and WHO FC improved/stabilized/worsened in 39/58/3% of patients (n=170). 2-year survival and clinical 

worsening-free survival rates were 93% and 82%, respectively. 6MWD and NT-proBNP at CHEST-1 baseline and 

Week 16 correlated significantly with long-term survival and clinical worsening-free survival, and WHO FC 

correlated with clinical worsening-free survival. 

Conclusion: Riociguat has a good long-term safety profile and is the first pharmacologic therapy for CTEPH to 

show sustained clinical effect. The correlation of 6MWD and NT-proBNP with long-term survival emphasizes the 

prognostic value of these endpoints in patients with CTEPH. 
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.ŀŎƪƎǊƻǳƴŘΥ Lǘ Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ǘƘŀǘ ΨǇƻƻǊ ǎǳōǇƭŜǳǊŀƭ ǇŜǊŦǳǎƛƻƴΩ όt{tύ ƛƴ ǘƘŜ ŎŀǇƛƭƭŀǊȅ ǇƘŀǎŜ ƻŦ ǇǳƭƳƻƴŀǊȅ 

ŀƴƎƛƻƎǊŀǇƘȅ όt!ύΣ ǿƘƛŎƘ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ƳƛŎǊƻǾŀǎŎǳƭƻǇŀǘƘȅ ƛƴ ŎƘǊƻƴƛŎ ǘƘǊƻƳōƻŜƳōƻƭƛŎ ǇǳƭƳƻƴŀǊȅ ƘȅǇŜǊǘŜƴǎƛƻƴ 

ό/¢9tIύΣ ǇǊŜŘƛŎǘǎ ǇƻƻǊ ƻǳǘŎƻƳŜ ŀŦǘŜǊ ǇǳƭƳƻƴŀǊȅ ŜƴŘŀǊǘŜǊŜŎǘƻƳȅ ό¢ŀƴŀōŜΣ /ƘŜǎǘ нлмнύΦ ²Ŝ ŀǎǎŜǎǎŜŘ ǘƘŜ 

ŀǎǎƻŎƛŀǘƛƻƴ ōŜǘǿŜŜƴ t{t ŀƴŘ ŦŀƛƭǳǊŜ ƻŦ .ŀƭƭƻƻƴ tǳƭƳƻƴŀǊȅ !ƴƎƛƻǇƭŀǎǘȅ ό.t!ύ ƛƴ млм ƴƻƴπƻǇŜǊŀōƭŜ /¢9tIΦ 

aŜǘƘƻŘΥ {ǳōǇƭŜǳǊŀƭ ǇŜǊŦǳǎƛƻƴ ƛƴ ǘƘŜ ŎŀǇƛƭƭŀǊȅ ǇƘŀǎŜ ƻŦ t! ǿŀǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ƴƻǊƳŀƭ ƻǊ ǇƻƻǊƭȅ ǇŜǊŦǳǎŜŘ ŀǎ ǇǊŜǾƛƻǳǎƭȅ 

ŘŜǎŎǊƛōŜŘΦ tŀǘƛŜƴǘǎ ǿŜǊŜ ŘƛǾƛŘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ƘŜƳƻŘȅƴŀƳƛŎ ǊŜǎǳƭǘǎ ŀŦǘŜǊ ǘƘŜ ƭŀǎǘ .t!Υ ŀ ŦŀƛƭǳǊŜ ƎǊƻǳǇ όŘŜŦƛƴŜŘ ŀǎ 

ƳŜŀƴ t!t ҔолƳƳIƎ ŀƴŘ t±w ŘŜŎǊŜŀǎŜ ғнл҈ ŀŦǘŜǊ .t! ώƴҐммϐύ ƻǊ ŀ ǎǳŎŎŜǎǎ ƎǊƻǳǇ ώƴҐфлϐΦ  

wŜǎǳƭǘǎΥ .ŀǎŜƭƛƴŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ ƘŜƳƻŘȅƴŀƳƛŎǎ ǿŜǊŜ ǎƛƳƛƭŀǊ ƛƴ ǘƘŜ ǘǿƻ ƎǊƻǳǇǎ όǘŀōƭŜύΦ Lƴ ŎƻƴǘǊŀǎǘΣ t{t ǿŀǎ 

ƻōǎŜǊǾŜŘ ƛƴ прΦр҈ ƻŦ ǇŀǘƛŜƴǘǎ ƛƴ ǘƘŜ ŦŀƛƭǳǊŜ ƎǊƻǳǇ ǾŜǊǎǳǎ мрΦс҈ ƛƴ ǘƘŜ ǎǳŎŎŜǎǎ ƎǊƻǳǇ όǇҐлΦлмсύΦ aǳƭǘƛǾŀǊƛŀǘŜ ŀƴŀƭȅǎƛǎ 

ǊŜǾŜŀƭŜŘ ǘƘŀǘ t{t ǿŀǎ ǘƘŜ ƻƴƭȅ ǇǊŜŘƛŎǘƻǊ ƻŦ .t! ŦŀƛƭǳǊŜ όhŘŘǎ wŀǘƛƻ пΦрнпΣ фр҈ ŎƻƴŦƛŘŜƴŎŜ ƛƴǘŜǊǾŀƭ мΦнмоπмсΦуттΣ 

ǇҐлΦлнрύΦ  

/ƻƴŎƭǳǎƛƻƴΥ tƻƻǊ ǎǳōǇƭŜǳǊŀƭ ǇŜǊŦǳǎƛƻƴ ƛƴ ǘƘŜ ŎŀǇƛƭƭŀǊȅ ǇƘŀǎŜ ƻŦ ǇǳƭƳƻƴŀǊȅ ŀƴƎƛƻƎǊŀǇƘȅΣ ǎǳƎƎŜǎǘƛƴƎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ 

ŘƛŦŦǳǎŜ ƳƛŎǊƻǾŀǎŎǳƭƻǇŀǘƘȅΣ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǎƛƎƴƛŦƛŎŀƴǘ ǊŜǎƛŘǳŀƭ ǇǳƭƳƻƴŀǊȅ ƘȅǇŜǊǘŜƴǎƛƻƴ ŀŦǘŜǊ .t!Φ Lƴ ƻǳǊ 

ŜȄǇŜǊƛŜƴŎŜΣ ƛǘ ŀŦŦŜŎǘŜŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мл҈ ƻŦ ƴƻƴπƻǇŜǊŀōƭŜ /¢9tI ǿƘƻ ǳƴŘŜǊǿŜƴǘ .t!Φ  

 

 ±ŀǊƛŀōƭŜ {ǳŎŎŜǎǎ ƎǊƻǳǇ 
ƴҐфл 

CŀƛƭǳǊŜ ƎǊƻǳǇ 
ƴҐмм 

Ǉ ǾŀƭǳŜ 

.ŀǎŜƭƛƴŜ 
   

   !ƎŜ όȅŜŀǊǎύ соΦр ҕ моΦу снΦт  ҕ мпΦр лΦуст 

   aŀƭŜ όƴΣ ҈ύ пт  όрнΦнύ т  όсоΦсύ лΦптп 

   b¸I! CŎ όLΣLL κ LLLΣL±ύ ό҈ύ нсΦр κ тоΦр нтΦо κ тнΦт лΦосф 

   с ƳƛƴǳǘŜǎ ǿŀƭƪ ŘƛǎǘŀƴŎŜ όƳύ плм ҕ мму оул ҕ фн лΦснт 

   ƳŜŀƴ t!t όƳƳIƎύ прΦс ҕ млΦн прΦс ҕ ммΦп лΦфуу 

   /ŀǊŘƛŀŎ LƴŘŜȄ ό[κƳƛƴκƳнύ нΦрм ҕ лΦпу нΦсс ҕ лΦул лΦофо 

   t±w όǿƻƻŘ ǳƴƛǘύ уΦоф ҕ оΦнр тΦру ҕ нΦну лΦпнн 

   tƻƻǊ ǎǳōǇƭŜǳǊŀƭ ǇŜǊŦǳǎƛƻƴ мп όмрΦс҈ύ р όпрΦр҈ύ лΦлмс 



 

 ±ŀǊƛŀōƭŜ {ǳŎŎŜǎǎ ƎǊƻǳǇ 
ƴҐфл 

CŀƛƭǳǊŜ ƎǊƻǳǇ 
ƴҐмм 

Ǉ ǾŀƭǳŜ 

!ŦǘŜǊ ƭŀǎǘ .t! ǎŜǎǎƛƻƴ 
   

   b¸I! CŎ όLΣLL κ LLLΣL±ύ ό҈ύ фмΦт κ уΦо ппΦп κ ррΦс лΦллн 

   с ƳƛƴǳǘŜǎ ǿŀƭƪ ŘƛǎǘŀƴŎŜ όƳύ ппн ҕ мнм осо ҕ млс лΦлсс 

   ƳŜŀƴ t!t όƳƳIƎύ нфΦс ҕ тΦр пнΦу ҕ уΦт ғлΦлллм 

   /ŀǊŘƛŀŎ LƴŘŜȄ ό[κƳƛƴκƳнύ оΦлп ҕ лΦтл нΦрф ҕ лΦсн лΦлпт 

   t±w όǿƻƻŘ ǳƴƛǘύ оΦсп ҕ мΦсм сΦтт ҕ нΦоф ғлΦлллм 

   ҈ ŘŜŎǊŜŀǎŜ ƻŦ t±w ό҈ύ πроΦо ҕ мфΦм πмлΦу ҕ фΦс ғлΦлллм 

   ҈ ŘŜŎǊŜŀǎŜ ƻŦ ƳŜŀƴ t!t ό҈ύ πооΦн ҕ мтΦп πпΦр ҕ фΦп ғлΦлллм 

   bǳƳōŜǊ ƻŦ ǇŀǘƛŜƴǘǎ  
όƳŜŀƴ t!t ҖолƳƳIƎύ 

ро л 
 

 

ICC17-39. IS PRESSURE-WIRE USEFUL TO PREDICT REPERFUSION PULMONARY EDEMA AFTER BALLOON 

PULMONARY ANGIOPLASTY IN CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION? 

M.T. Velazquez Martin1, A. Albarran1, I. Hernandez2, S. Mayordomo1, Y. Revilla3, A. Roldan4, M.J. Lopez Gude5, J.M. 

Cortina5, S. Alonso3, A. Quezada2, P. Pilkington2, J.L. Perez Vela6, C. Jimenez4, F. Sliwinski1, P. Escribano2 
1- Hospital Universitario 12 de Octubre, Interventional Cardiology, Madrid, Spain; 2- Hospital Universitario 12 de Octubre, Heart failure and 

pulmonary hypertension Unit, Madrid, Spain; 3- Hospital Universitario 12 de Octubre, Radiology Department, Madrid, Spain; 4- Hospital 

Universitario 12 de Octubre, Cardiology Department, Madrid, Spain  
5- Hospital Universitario 12 de Octubre, Cardiac Surgery Department, Madrid, Spain; 6- Hospital Universitario 12 de Octubre, Intensive Care 

Unit, Madrid, Spain 

 

Aims: To determine whether maintaining mean pulmonary arterial pressure (PAP) distal to target lesions after 

balloon pulmonary angioplasty (BPA) <35 mmHg protects against reperfusion pulmonary edema (RPE).   

Methods: ²Ŝ ōŜƎŀƴ .t! ƛƴ aŀȅ нлмоΦ {ƛƴŎŜ {ŜǇǘŜƳōŜǊ нлмр ǿŜ ƳŜŀǎǳǊŜŘ άtŘέ ǾŀƭǳŜ όƳŜŀƴ  PAP distal to target 

lesions) after dilation of every branch with pressure-ǿƛǊŜΣ ǘƻ Ƴŀƛƴǘŀƛƴ άtŘέ ǾŀƭǳŜ ғор ƳƳIƎΦ 

Results: 156 consecutive BPA sessions in 46 non-surgical patients, 74 BPA sessions without and 82 with pressure-

wire guidance, 212 branches measured with pressure-wire. Twenty were  unclear lessions with pressure ratio 

(FFR) >0.80, not treated. The final mean FFR and final mean Pd after BPA in 192 treated lesions were 0.52 and 23 

ƳƳIƎ ǊŜǎǇŜŎǘƛǾŜƭȅΦ hƴƭȅ мо ƭŜǎƛƻƴǎ ƘŀŘ Ŧƛƴŀƭ CCw ҔлΣулΦ ¢ƘŜ ƛƴŎƛŘŜƴŎŜ ƻŦ wt9 җ ƎǊŀŘŜ н ǿŀǎ ǎƛƳƛƭŀǊ ƛƴ ǘƘŜ ƴƻ-

guided sessions and in the pressure-wire guided sessions, 5/74 (6,7%) and 4/82 (4,9%) respectively, p not 

significaƴǘΦ tŘ Ҕ ор ƳƳIƎ ŀŦǘŜǊ .t! ŘƛŘ ƴƻǘ ŎƻǊǊŜƭŀǘŜ ǿƛǘƘ wt9Υ оκср όпΣс҈ύ ƛƴ ǘƘŜ ǎŜǎǎƛƻƴǎ ǿƛǘƘ tŘ Җор ƳƳIƎ Ǿǎ 

1/11 (9.1%) in the sesions with Pd >35 mmHg (p not significant). According to multivariate analysis the unique 

ŦŀŎǘƻǊ ǊŜƭŀǘŜŘ ǘƻ җ ƎǊŀŘŜ н wt9 ǿŀǎ ƳŜŀƴ tAP previous to BPA (OR 1.13, CI 1.001-1.282, p=0.04). 

Conclusions: The use of pressure-wire to guide BPA did not reduce RPE after BPA. Pd >35 mm Hg distal to target 

lesions after BPA did not correlate with RPE. Mean PAP before BPA was the only factor related to the appearance 

of RPE. 

 

 



 
ICC17-40. RECURRENCE OF PLUMONARY HYPERTENSION AFTER BALLOON PULMONARY ANGIOPLASTY 

J. Yamashita1, N. Tanaka2, M. Goto1, R. Ito1, K. Hoshino1, N. Murata1, T. Chikamori1, H. Ogino3, A. Yamashina1 
1- Department of Cardiology, Tokyo Medical University Hospital, Tokyo, Japan; 2- Department of Cardiology, Tokyo Medical University 

Hachioji Medical Center, Hachioji, Japan; 3 Department of Cardiovascular Surgery, Tokyo Medical University Hospital, Tokyo, Japan 

 

.ŀŎƪƎǊƻǳƴŘΥ Lǘ Ƙŀǎ ōŜŜƴ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ōŀƭƭƻƻƴ ǇǳƭƳƻƴŀǊȅ ŀƴƎƛƻǇƭŀǎǘȅ ό.t!ύ Ŏŀƴ ōŜ ŀƴ ŜŦŦŜŎǘƛǾŜ ǘƘŜǊŀǇŜǳǘƛŎ 

ƻǇǘƛƻƴ ŦƻǊ ǇŀǘƛŜƴǘǎ ƻŦ ŎƘǊƻƴƛŎ ǘƘǊƻƳōƻŜƳōƻƭƛŎ ǇǳƭƳƻƴŀǊȅ ƘȅǇŜǊǘŜƴǎƛƻƴ ό/¢9tIύΦ !ŦǘŜǊ ǘƘŜ ǎǳŎŎŜǎǎŦǳƭ .t!Σ ƛǘ Ƙŀǎ 

ōŜŜƴ ǿŜƭƭ ƪƴƻǿƴ ǘƻ ǊŜŘǳŎŜ ǇǳƭƳƻƴŀǊȅ ŀǊǘŜǊƛŀƭ ǇǊŜǎǎǳǊŜ όt!tύ ǘƛƭƭ ŀƭƳƻǎǘ ƴƻǊƳŀƭ ǊŀƴƎŜǎΦ IƻǿŜǾŜǊΣ ƛǘ Ƙŀǎ ƴƻǘ ōŜŜƴ 

Ŧǳƭƭȅ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǘƘŜ ƭƻƴƎπǘŜǊƳ ōŜƴŜŦƛŎƛŀƭ ŜŦŦŜŎǘ ƻŦ .t! Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘ ŀƭƭ ƻŦ ǇŀǘƛŜƴǘǎ ǿƛǘƘ /¢9tIΦ 

hōƧŜŎǘƛǾŜΥ ¢ƘŜ ǇǊŜǎŜƴǘ ǎǘǳŘȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǘƻ ŜȄŀƳƛƴŜ ǿƘŜǘƘŜǊ .t! ŎƘǊƻƴƛŎŀƭƭȅ Ƴŀƛƴǘŀƛƴ t!t ǿƛǘƘƛƴ ŀƭƳƻǎǘ 

ƴƻǊƳŀƭ ǊŀƴƎŜ ƛƴ ŀƭƭ ƻŦ ǇŀǘƛŜƴǘǎΦ 

aŜǘƘƻŘǎ ŀƴŘ wŜǎǳƭǘǎΥ ²Ŝ ŎƻƴŘǳŎǘŜŘ .t! ƛƴ нл ǇŀǘƛŜƴǘǎ ǿƛǘƘ /¢9tIΣ ŀƴŘ ǎǳŎŎŜǎǎŦǳƭ ǇǊƻŎŜŘǳǊŜ ŎƻǳƭŘ ōŜ ƻōǘŀƛƴŜŘ 

ŀƭƭ ƻŦ ǇŀǘƛŜƴǘǎΦ !ŦǘŜǊ ǘƘŜ .t!Σ ǘƘŜ ǎƛƎƴƛŦƛŎŀƴǘ ǊŜŘǳŎǘƛƻƴ ƻŦ t!t ǿŀǎ ƻōǎŜǊǾŜŘ ŀƭƭ ƻŦ ǘƘŜƳΦ IƻǿŜǾŜǊΣ ŀŦǘŜǊ ǘƘŜ с 

ƳƻƴǘƘǎ ƻŦ ǘƘŜ .t!Σ ǘƘŜ ǊŜŎǳǊǊŜƴŎŜ ƻŦ ǇǳƭƳƻƴŀǊȅ ƘȅǇŜǊǘŜƴǎƛƻƴ ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ о ǇŀǘƛŜƴǘǎ ό¢ŀōƭŜύΦ ¢ǿƻ ǇŀǘƛŜƴǘǎ 

ǿŜǊŜ ŀǎȅƳǇǘƻƳŀǘƛŎ ŀƴŘ м ǇŀǘƛŜƴǘ ǎǳŦŦŜǊŜŘ ŦǊƻƳ ǿƻǊǎŜƴƛƴƎ ƻŦ ǎƘƻǊǘƴŜǎǎ ƻŦ ōǊŜŀǘƘΦ Lƴ ǘƘŜ ŎƭƛƴƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ all 

of cases were women and ŘƛǊŜŎǘ ƻǊŀƭ ŀƴǘƛŎƻŀƎǳƭŀƴǘǎ ό5h!/ύ ǿŜǊŜ ǇǊŜǎŎǊƛōŜŘΦ !ƭǘƘƻǳƎƘ ƘŜƳƻŘȅƴŀƳƛŎǎ ŀƴŘ 

symptom were improved immediately after BPAs, ƘŜƳƻŘȅƴŀƳƛŎǎ ǿŜǊŜ ǿƻǊǎŜƴŜŘ ŀƎŀƛƴ ŀŦǘŜǊ с ƳƻƴǘƘǎ ƭŀǘŜǊ 

ό¢ŀōƭŜύΦ   

/ƻƴŎƭǳǎƛƻƴΥ Lƴ ǎƻƳŜ ƻŦ ǇŀǘƛŜƴǘǎ ǿƛǘƘ /9¢tIΣ .t! Ƴŀȅ ƴƻǘ ōŜ ǎǳŦŦƛŎƛŜƴǘ ŦƻǊ ǘƘŜ ƭƻƴƎπǘŜǊƳ ƻǳǘŎƻƳŜ ƻŦ ǊŜŘǳŎǘƛƻƴ ƻŦ 

t!tΦ {ǳŎƘ ŎŀǎŜǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ǇǊŜǎŎǊƛōƛƴƎ 5h!/Φ 

 
t!tΥ ǇǳƭƳƻƴŀǊȅ ŀǊǘŜǊƛŀƭ ǇǊŜǎǎǳǊŜΣ t±wΥ ǇǳƭƳƻƴŀǊȅ ǾŀǎŎǳƭŀǊ ǊŜǎƛǎǘŀƴŎŜΣ  

/hΥ ŎŀǊŘƛŀŎ ƻǳǘǇǳǘΣ t9!Υ ǇǳƭƳƻƴŀǊȅ ŜƴŘŀǊǘŜǊŜŎǘƻƳȅΣ  

.t!Υ ōŀƭƭƻƻƴ ǇǳƭƳƻƴŀǊȅ ŀƴƎƛƻǇƭŀǎǘȅΣ  

²Ih C/Υ ²ƻǊƭŘ ƘŜŀƭǘƘ ƻǊƎŀƴƛȊŀǘƛƻƴ ŦǳƴŎǘƛƻƴŀƭ Ŏƭŀǎǎ 

 



 
ICC17-41. EVALUATION OF THE ACUTE EFFECT OF BPA BASED ON LESION TYPE USING PRESSURE WIRE IN CTEPH 

K. Yanaka, K. Nakayama, T. Shinke, H. Otake, Y. Shinkura, N. Tamada, H. Onishi, N. Emoto, K.-I. Hirata 
Division of Cardiovascular Medicine, Department of Internal Medicine, Kobe University Graduate School of Medicine,   

Kobe, Japan 

 

.ŀŎƪƎǊƻǳƴŘκhōƧŜŎǘƛǾŜΥ ¢ƘŜ ŀƴƎƛƻƎǊŀǇƘƛŎ ǘȅǇŜǎ ƻŦ ƭŜǎƛƻƴǎ ƛƴ ŎƘǊƻƴƛŎ ǘƘǊƻƳōƻŜƳōƻƭƛŎ ƘȅǇŜǊǘŜƴǎƛƻƴ ό/¢9tIύ ŀǊŜ 

ŎƭŀǎǎƛŦƛŜŘ ǊƛƴƎ ƭƛƪŜ ǎǘŜƴƻǎƛǎΣ ǿŜōΣ ŀōǊǳǇǘ ƴŀǊǊƻǿƛƴƎΣ ŎƻƳǇƭŜǘŜ ǾŀǎŎǳƭŀǊ ƻōǎǘǊǳŎǘƛƻƴ ό/±hύΣ ŀƴŘ ǇƻǳŎƘΦ IƻǿŜǾŜǊΣ ŦŜǿ 

ǎǘǳŘƛŜǎ ƘŀǾŜ ǊŜǇƻǊǘŜŘ ƻƴ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǇǊŜǎǎǳǊŜ ƎǊŀŘƛŜƴǘ ŀƴŘ ŜŦŦƛŎŀŎȅ ƻŦ ōŀƭƭƻƻƴ ǇǳƭƳƻƴŀǊȅ ŀƴƎƛƻǇƭŀǎǘȅ ό.t!ύ ƛƴ 

ŜŀŎƘ ƭŜǎƛƻƴǎΦ hǳǊ ǇǳǊǇƻǎŜ ƛǎ ǘƻ ŦƛƎǳǊŜ ƻǳǘ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ƻŦ ŜŀŎƘ ƭŜǎƛƻƴǎ ƛƴ ŦŀŎŜ ǘƻ .t! ŦƻǊ ƻǇǘƛƳƛȊƛƴƎ .t! ǎǘǊŀǘŜƎȅΦ 

aŜǘƘƻŘΥ .ŜǘǿŜŜƴ hŎǘƻōŜǊ нлмн ŀƴŘ WŀƴǳŀǊȅ нлмтΣ ǿŜ ŜǾŀƭǳŀǘŜŘ ŎƻƴǎŜŎǳǘƛǾŜ нму ƭŜǎƛƻƴǎ όон ǇŀǘƛŜƴǘǎΣ уу ǎŜǎǎƛƻƴǎύ 

ƳŜŀǎǳǊŜŘ ǇǊŜǎǎǳǊŜ ƎǊŀŘƛŜƴǘ ǳǎƛƴƎ ǇǊŜǎǎǳǊŜ ǿƛǊŜ ŘǳǊƛƴƎ .t! ŀǘ YƻōŜ ¦ƴƛǾŜǊǎƛǘȅ IƻǎǇƛǘŀƭΦ 

wŜǎǳƭǘΥ tǊŜǎǎǳǊŜ Ǌŀǘƛƻ όtŘκtǇΥ ǇǊŜǎǎǳǊŜ ŀǘ Řƛǎǘŀƭ κ ǇǊƻȄƛƳŀƭύ ƛƴ ŜŀŎƘ ƭŜǎƛƻƴ ōŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊ .t! ŀǊŜ ǎƘƻǿƴ ƛƴ ǘƘŜ ¢ŀōƭŜΦ 

¢ƘŜǊŜ ǿŜǊŜ нф ƭŜǎƛƻƴǎ ŘŜǘŜŎǘŜŘ ǘƘǊƻƳōǳǎ ōȅ ƛƴǘǊŀǾŀǎŎǳƭŀǊ ǳƭǘǊŀǎƻǳƴŘ ǿƛǘƘ ƴƻǊƳŀƭ ƛƴ ŀƴƎƛƻƎǊŀǇƘȅΦ ¢ƘŜ tǊŜǎǎǳǊŜ Ǌŀǘƛƻ 

ōŜŦƻǊŜ .t! ǿŜǊŜ ƘƛƎƘ ƛƴ ƻǊŘŜǊ ƻŦ ƴƻǊƳŀƭΣ ǊƛƴƎ ƭƛƪŜ ǎǘŜƴƻǎƛǎΣ ǿŜōΣ ŀōǊǳǇǘ ƴŀǊǊƻǿƛƴƎΣ /±hΦ tǊŜǎǎǳǊŜ Ǌŀǘƛƻ ƛƴ ŜŀŎƘ ƭŜǎƛƻƴ 

ŜȄŎŜǇǘ /±h ǿŜǊŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƳǇǊƻǾŜŘ ǘƻ ǎƛƳƛƭŀǊ ƭŜǾŜƭ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ƭƛƳƛǘŜŘ ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ /±hΦ 

/ƻƴŎƭǳǎƛƻƴΥ !ŎǳǘŜ ǊŜƭŜŀǎŜ ƻŦ ǇǊŜǎǎǳǊŜ ƎǊŀŘƛŜƴǘ ōȅ .t! ǿŀǎ ǎƛƳƛƭŀǊƭȅ ƻōǘŀƛƴŜŘ ƛƴ ŀƭƭ ǎǘŜƴƻǘƛŎ ƭŜǎƛƻƴǎ ōǳǘ ƴƻǘ ƻōǎǘǊǳŎǘƛǾŜ 

ƭŜǎƛƻƴǎΦ 

  

¢ŀōƭŜ 

 

 
  



 

Medical treatment and interventional treatment (continued) 
ICC17-42. REGRESSION OF LEFT MAIN COMPRESSION IN PATIENT WITH CHRONIC THROMBOEMBOLIC PULMONARY 

HYPERTENSION AFTER BALLOON PULMONARY ANGIOPLASTY 

N.M. Danilov, Y.G. Matchin, K.V. Mershin, K.S. Chernichka, M.B. Karabasheva, O.V. Sagaydak, A.Y. Demchenkova, 

M.G. Mitroshkin, I.E. Chazova  
Russian Cardiology Research Complex, Moscow, Russian Federation 

 

Background: Balloon pulmonary angioplasty (BPA) is an effective method reducing pulmonary hypertension (PH) 

in non-operable CTEPH patients. Due to high PH pulmonary artery dilatation in these patients can cause left main 

eccentric compression syndrome (LMCS). Incidence of LMCS is unknown but ranging from 5% to 44% in patients 

with pulmonary hypertension (PH).  

Case Report: A 61 year-old woman admitted to PH department with severe dyspnea and 12 years history of 

CTEPH. According to right heart catheterization, angiopulmonography and coronary angiography the best option 

for patient was pulmonary thrombendarterectomy (PTE). But due to high pulmonary vascular resistance (PVR) - 

20 WU and LMCS ς 90% stenosis the operation risk was considered high.  Despite proximal type of lesion the 

multidisciplinary team decided to start treatment with BPA. In 5 months 4 BPA were performed, 10 segmental 

arteries of both lungs and main lower lobe artery were successfully treated. In a follow-up mean pulmonary 

artery pressure decreased from 57 to 37 mm Hg, PVR decreased from 20 to 7 WU. Coronary angiography showed 

no compression of LM with enlargement of lumen area by IVUS from 9 to 12 mm2. The diameter of PA by CT 

decreased from 4,2 to 3,6 cm. Patient was transferred to a surgical unit for PTE. 

Conclusion: Effective BPA can regression of LMCS in CTEPH patients. BPA can be a preparatory stage in patients 

with high risk of PTE. 

 

ICC17-43. EFFECT OF BALLOON PULMONARY ANGIOPLASTY ON RIGHT VENTRICULAR AFTERLOAD IN CHRONIC 

THROMBOEMBOLIC PULMONARY HYPERTENSION 

C. Gerges1, M. Gerges1, N. Skoro-Sajer1, R. Sadushi-Kolici1, B. Moser2, S. Taghavi2, W. Klepetko2, H. Matsubara3, 

I.M. Lang1  
1- Department of Internal Medicine II, Division of Cardiology; 2- Department of Surgery, Division of Thoracic Surgery, Vienna General 

Hospital, Medical University of Vienna, Austria; 3- Department of Cardiology, Okayama Medical Center, Japan 

 

Objective: Chronic thromboembolic pulmonary hypertension (CTEPH) results from non-resolving thrombi in 

pulmonary arteries leading to chronic elevation of right ventricular (RV) afterload.  CTEPH is potentially curable by 

pulmonary endarterectomy (PEA).  Balloon pulmonary angioplasty (BPA) is an effective treatment modality for 

patients who are not suitable for PEA.  However, chronic fibrotic material remains in the pulmonary circulation 

after BPA.  Therefore, one might hypothesize that RV afterload remains abnormal after BPA due to increased 

stiffness of pulmonary vessels.  We compared the effects of PEA and BPA on RV afterload in CTEPH. 

Methods: Between 4/2014 and 8/2016 17 CTEPH patients (13 inoperable and 4 persistent/recurrent PH after 

PEA) underwent complete BPA (4.4±2.3 sessions).  Hemodynamics were measured at baseline and 6 months after 

the last BPA session.  RV afterload was assessed using standard hemodynamic formulae for pulmonary vascular 

resistance (PVR) and compliance (CPA).  43 consecutive patients undergoing PEA were used for comparison. 

Results: At baseline BPA patients exhibited lower mean pulmonary artery pressure (mPAP; 40.0±12.3mmHg vs 

49.2±10.8mmHg, p=0.006), lower PVR (6.0±3.0WU vs 8.4±3.1WU, p=0.009) and higher CPA 



 
(2.6±2.80±3.0mL/mmHg vs. 1.3±0.6mL/mmHg, p=0.011) compared to patients who underwent PEA.  However, 

BPA and PEA led to similar improvements in mPAP (-25.7% [-39.1;-12.6] vs -34.0% [-51.2;-18.2], p=0.252), PVR (-

49.4% [-60.4;-31.4] vs. -54.1% [-73.7;-39.8], p=0.564) and CPA (+79.5% [57.3;212.8] vs. +110.7% [38.4;172.5], 

p=0.554). 

Conclusion: Improvement in RV afterload is comparable between BPA and PEA.  Our data confirm that BPA is a 

valuable treatment option for patients with inoperable CTEPH and those with persistent/recurrent PH after PEA. 

 

ICC17-44. EFFICACY OF PERCUTANEOUS TRANSLUMINAL PULMONARY ANGIOPLASTY FOR CHRONIC PULMONARY 

THROMBOEMBOLISM WITHOUT PULMONARY HYPERTENSION 

T. Inami1, M. Kataoka2, H. Ishiguro1, R. Yanagisawa1, K. Takeuchi1, H. Kikuchi1, A. Goda1, H. Yoshino1, T. Satoh1 
1- Second Department of Internal Medicine, Kyorin University School of Medicine; 2- Department of Cardiology, Keio University School of 

Medicine 

 

Objectives: The purpose of this study was to investigate the effectiveness of PTPA for CTPE without PH on 

pulmonary hemodynamics, oxygenation and exercise capacity. 

Methods: Patients with dyspnea on effort of more than NYHA и,  less than 25mmHg of mean pulmonary artery 

pressure (PAP) in right heart catheterization, organized thrombi in pulmonary angiography and segmental 

multiple defects in VQ scan were defined as CPTE without PH. This study retrospectively included 20 patients with 

CPTE without PH before the treatment, who underwent PTPA by May 2016. Hemodynamic parameters such as 

PAP, pulmonary vascular resistance (PVR) and cardiac index (CI), pO2, and 6-minute-walk distance(6MWD) were 

compared between before and after PTPA. 

Results: The median age, the number of PTPA sessions performed per person and dilated vessels per person were 

65[58-73] years old, 2[2-3] and 11.5[8.3-14.5] respectively. PTPA did not cause complications in all patients. 

Hemodynamic parameters such as PAP and PVR significantly improved after PTPA as compared with the baseline, 

but CI did not significantly (PAP: 21[20-22] to 17[14-21] mmHg, P<0.01; PVR: 2.8[1.9-3.1] to 1.5[1.2ς1.8], P<0.001, 

CI: 3.2[2.8ς3.4] to 3.4[3.0ς4.0], P value > 0.05). Oxygenation and 6MWD were improved after PTPA 

(pO2 :69.3[66.7ς76.1] to 74.7[65.7ς89.3] mmHg, P<0.05; 6MWD: 377[333-430] to 401[360-444]m, P<0.05). 

Ambulatory oxygen therapy (AOT) and PH-targeted drug free rates were reduced significantly (before vs. after; 

AOT: 80 to 45%, P<0.05; PH-targeted drug free rate: 75 to 25%, P<0.01).  

Conclusions: PTPA can safely improve patients with CPTE without PH through oxygenation amelioration. 

 

ICC17-45. THE ROLE OF ECHOCARDIOGRAPHY TO DEMONSTRATE THE EFFECTS OF THE BALLOON PULMONARY 

ANGIOPLASTY IN PATIENTS WITH CHRONIC THROMBOEMBOLIC HYPERTENSION 

B. Lichodziejewska, O. Dzikowska-Diduch, M. Roik, S. Goliszek, K. Kurnicka, D. Wretowski, A. _ŀōȅƪΣ YΦ LǊȊȅƪΣ tΦ 

Pruszczyk 
Department of Internal Medicine and Cardiology, Medical University of Warsaw, Poland 

 

Echocardiography is widely used technique for the assessment of the hemodynamic consequences  of pulmonary 

hypertension (PH). Balloon pulmonary angioplasty (BPA) is an emerging therapeutic method of chronic 

thromboembolic hypertension (CTEPH).  

Aim: To demonstrate the changes of echocardiographic parameters in CTEPH patients before and after BPA.  



 
Material and methods: The study group consisted of 24 patients with CTEPH (age 49-88, mean 72; 12 men). All 

patients underwent 1-5 BPA sessions. Echocardiography was performed before and after BPA. Seventeen 

standard echocardiographic parameters and signs useful for assessing the presence of PH were estimated.  

Results: Before BPA mean pulmonary artery pressure (mPAP) was 42±7.5mmHg in right heart catheterization. 

After BPA mPAP decreased to 25.4±6mmHg. We observed echocardiographic improvement of all 17 signs and 

parameters, 9 of them significant: right and left ventricle diameters ratio (RV/LV): 1.3±0.4 vs 1.1±0.2, p=0.01; 

inferior vena cava: 21.9±5.6mm vs 17.8±5.6mm, p=0.001; tricuspid annulus plane systolic excursion (TAPSE): 

17.8±3.6mm vs 19.9±4.4mm, p=0.02; pulmonary valve flow (PVF) acceleration time: 69±16.2ms vs 79.4±13.9ms, 

p=0.01; tricuspid regurgitation (TR) peak gradient: 79.9±20.4mmHg vs 62.8±21.5mmHg,  p<0.001; RV systolic 

pressure: 89.9±21.7mmHg vs 70.8±23.6mmHg, p<0.001; the presence: of interventricular septum reverse 

curvature: 38% vs 17%, p=0.02; of PVF systolic notch: 67% vs 33%, p=0.01; of TR grade moderate or severe: 71% 

vs 38%, p=0.01. 

Conclusion: Echocardiographic signs and parameters revealing right heart hemodynamics improved markedly in 

CTEPH patients after BPA treatment. 

 

ICC17-46. RESULTS OF BALLOON PULMONARY ANGIOPLASTY 

²Φ aŀƎƻƵΣ WΦ {ǘťǇƴƛŜǿǎƪƛΣ aΦ ²ŀƭƛƎƽǊŀΣ YΦ WƻƴŀǎΣ tΦ tƻŘƻƭŜŎΣ DΦ YƻǇŜŏ 
Department of Cardiac and Vascular Diseases, Jagiellonian University Medical College at John Paul II Hospital in Krakow, Poland 

 

Introduction: Balloon pulmonary angioplasty (BPA) is a treatment option in chronic thromboembolic pulmonary 

hypertension (CTEPH). We report results of our 2-year experience.   

Aim: To evaluate efficacy and safety of balloon pulmonary angioplasty in patients with CTEPH. 

Methods 

We enrolled consecutive CTEPH patients disqualified from pulmonary endarterectomy. Treatment goals were 

ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ǇŀǘƛŜƴǘΩǎ ŦǳƴŎǘƛƻƴŀƭ ŎŀǇŀŎƛǘȅ ǘƻ ŀǘ ƭŜŀǎǘ Ŏƭŀǎǎ LL ŀŎŎƻǊŘƛƴƎ ǘƻ bŜǿ ¸ƻǊƪ IŜŀǊǘ !ǎǎƻŎƛŀǘƛƻƴ όb¸I!ύ 

and decrease in mean pulmonary artery pressure (MPAP). A threshold  

of MPAP <25mmHg or <30mmHg were used for patients <60 years and >60 years, respectively.  

To assess the effect of BPA we measured selected parameters before and 1-month after final BPA  

as follows: NYHA class (dNYHA), 6-minute walking distance (d6MWD), MPAP (dMPAP), mean right atrial pressure 

(dRAP), cardiac index (dCI) and pulmonary vascular resistance (dPVR). 

Results: We recruited 12 patients (3 males), aged 65 [52ς71] years, who underwent a total of 75 BPA sessions (a 

median of 7 [5;9] for each patient) during which we dilated 431 lesions (a median of 6 [5;7]  

for each session). We achieved clinical goal in all patients and hemodynamic goal in 7 (58%) patients. Overall we 

observed improvement in functional capacity (dNYHA= -1 [-1;-1] p=0.002), increase  

in 6MWD (d6MWD= 80 [50-105]m, p=0.002) and improvement in hemodynamic parameters: dMPAP= -11 [-20;-

8]mmHg, p=0.002; dRAP= -3 [-6;0]mmHg, p=0.01; dCI= 0.28 [0.05;0.74] L/min/m2 p=0.04; dPVR= -2.8 [-5.9;-

2.0]WU, p=0.002. None of the patients has died.  

Conclusion: BPA is an effective and safe procedure in treatment of chronic thromboembolic pulmonary 

hypertension.  
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aΦ tƛƱƪŀ1, M. Kurzyna1, S. Darocha1, A. Pietrasik3, R. Pietura2Σ wΦ aŀƵŎȊŀƪ1, M. Wieteska1, M. Florczyk1, A. 

Dobosiewicz1, A. Torbicki1 
1- Department of Pulmonary Circulation and Thromboembolic Diseases, European Health Center, Otwock, Poland; 
2- Department and Faculty of Cardiology, Medical University of Warsaw, Poland; 3- Department of Radiography, Medical University of Lublin, 
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Background: We hypothesized that right ventricle (RV) reverse remodeling defined as a changes in 

electrocardiographic (ECG) markers of RV overload would occur after BPA in patients with chronic 

thromboembolic pulmonary hypertension (CTEPH).  

Methods: In 26 patients with CTEPH (60±21 years old), conventional 12-lead ECG (10mm = 1mV, 25mm/s)  was 

recorded before and after at least 3 BPA sessions. 

Results: Twenty-six patients after BPA were divided into 2 groups: group A, defined as a drop in pulmonary 

vascular resistance (PVR) above the median value for the whole studied population, and group B, defined as a 

drop in PVR below the median value. The median value of reduction in PVR was 37,94%  (p< 0,001 between the 

groups). In group A, there was a significant change after BPA in QRS axis, T axis, P wave amplitude in D II, S wave 

amplitude in lead V5, R:S wave ratio in lead V5, QRS axis above 110 degrees and the number of patients with S 

wave amplitude above 300uV in lead V6 (p<0.05 respectively) as opposed to group B (Table 1). With respect to 

percentage improvement in ECG markers of RV overload, only increase in R:S wave ratio in lead V5 significantly 

correlated with reduction in PVR (%) for the whole studied population (r= -0,51, p<0,05; Figure 1). 

Conclusions: After BPA, a significant improvement in RV overload parameters could be observed by ECG. Whether 

it has a prognostic significance and can contribute to assessment of success defined with BPA in individual 

patients requires further studies. 

Table 1. 
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Figure 1. 

 

S wave amplitude above 300uV in lead V6 61,54% 38,46% p < 0.05 46,15% 61,54% NS 



 
ICC17-48. REFINED BALLOON PULMONARY ANGIOPLASTY IN PATIENTS WITH CHRONIC THROMBOEMBOLIC 

PULMONARY HYPERTENSION - 100 BPA SESSIONS WITHOUT MAJOR COMPLICATIONS IN A SINGLE CENTER 

aΦ wƻƛƪΣ 5Φ ²ǊŜǘƻǿǎƪƛΣ !Φ _ŀōȅƪΣ YΦ LǊȊȅƪΣ .Φ [ƛŎƘƻŘȊƛŜƧŜǿǎƪŀΣ aΦ YƻǎǘǊǳōƛŜŎΣ hΦ 5Ȋƛƪƻǿǎƪŀ-Diduch, P. Pruszczyk 
Department of Internal Medicine and Cardiology, Centre for Management of Venous Thromboembolism, Medical University of Warsaw, 

Infant Jesus Teaching Hospital, Poland 

 

Objectives: Balloon pulmonary angioplasty (BPA/PTPA) is a novel promising therapeutic method in CTEPH. Our 

aim was to prove the safety and efficacy of refined BPA/PTPA driven by combined assessment of intra-arterial 

ŀƴŀǘƻƳȅ όL±¦{κh/¢ύ ŀƴŘ ǇƘȅǎƛƻƭƻƎȅ όǇǳƭƳƻƴŀǊȅ ǇǊŜǎǎǳǊŜ ǊŀǘƛƻΣ ttwύ ƛƴ  άŀƭƭ ŎƻƳŜǊǎέ CTEPH pts.  

Methods: From July 2014 to March 2017 26  CTEPH pts (mean age 73, 52-88, 13 males)  were enrolled to the 

BPA/PTPA program in our centre according to the following inclusion criteria: (mPAP >30mmHg; WHO class > II). 

Overall, 26 pts underwent 100 BPA sessions (mean 3 sessions per patient, range 1-12), 245 segmental and 

subsegmental and lobar  pulmonary arteries were dilated (mean 8 vessels per patient, range 1-26).  All the 

angioplasties were performed according to our previously published algorithm (Roik M et al. Int J Cardiol 2016, 

203: 228-235).   

Results: BPA resulted in clinical and hemodynamic improvement in all enrolled patients (Table 1).  All dilated 

arteries were patent at angiographic reassessment. No significant complications occurred during BPA sessions and 

follow-up. All treated patients are still alive.  

Conclusions: Refined BPA with assessment of intrapulmonary physiology using a pressure wire and precise 

evaluation of anatomy provides hemodynamic and functional improvement, with minimal complications rate in 

all-comers patients with CTEPH. This observation requires further validation in a large multicenter prospective 

study.  

TABLE. 1 Clinical, hemodynamic parameters and characteristics of treated lesions and summary of complications 

in the study group.  

 Pre BPA 
N=26 

P Post BPA* 
N=18 

Mean PAP, mmHg 44 (31-74) < 0.01 26 (17-33) 

WHO functional class 1/2/3/4 (n) 0/0/19/7 <0.05 8/10/0/0 

Characteristics of treated lesions and summary of complications 

Total BPA sessions N = 100 

Number of BPA sessions per patient 3 (1-12) 

Number of dilated vessels in whole group 245 

Number of dilated vessels per patients 8 (1-26) 

Size of balloon used (webs/ring-like 
stenosis/complete obstruction)  

1.0 mm ς 9.0 mm 
 

Reperfusion pulmonary oedema (RPE)  
(5 grade scale)  (%)  

1 
2 

>=3 

93 
6 
1 

Arrhythmia within 24 hour after BPA/worsening of 
renal function within 72 hours after BPA; (n/n)  

2 Atrial fibrillation / 2 CIN 

RHF during BPA sessions/ unscheduled 
hospitalization due to RHF during long term 

FU/other hospitalizations 

0/3/1(COPD exacerbation) 

Deaths (periprocedural or during follow up)  0 

* after final BPA 



 
ICC17-49. BALLOON PULMONARY ANGIOPLASTY - A CURATIVE METHOD IN VERY ELDERLY PATIENTS WITH CHRONIC 

THROMBOEMBOLIC PULMONARY HYPERTENSION 

aΦ wƻƛƪΣ 5Φ ²ǊŜǘƻǿǎƪƛΣ !Φ _ŀōȅƪΣ YΦ LǊȊȅƪΣ hΦƭΦ Dzikowska-Diduch, B. Lichodziejewska, P. Pruszczyk 
Department of Internal Medicine and Cardiology, Centre for Management of Venous Thromboembolism, Medical University of Warsaw, 

Infant Jesus Teaching Hospital, Poland 

 

Objectives: Balloon pulmonary angioplasty (BPA)  is proposed as a potential  therapy of non-operable CTEPH. The 

aim of the study was to analyze clinical and hemodynamic results of sequential BPA performed in very elderly 

patients (>75yo) with surgically accessible lesions disqualified from pulmonary endarterectomy (PEA) due to high 

perioperative risk.  

Methods:  Ten patients  (4 M, 6 F) with median age of 81 years  (75 - 88) with confirmed CTEPH (mPAP > 30 

mmHg, WHO class > II) were enrolled to BPA program In 7pts lesions were  detected at least  the level of lobar 

arteries;  while in 3 others lesions were  visualized in segmental arteries with no more proximal thrombi.  

Results: Overall, 10 pts underwent 39 BPA sessions (mean 3.9 sessions per patient, range 1-9), 70 pulmonary 

arteries were dilated, (mean 6.5 vessels per patient, range 1-14).  

BPAs  resulted in a significant clinical and hemodynamic improvement in every patient ς Table 1.and resulted in 

normalization of mPAP (<25mmHg) in 6 of 10pts  and mPAP decreased to 25-30 mmHg in 3 others. In the  whole 

group mPAP decreased from 41 (31-53) to 23 (17-33)mmHg   (p <0.01). CTEPH patients were followed for a 

median of 553 days (range 81 -784). No severe complications occurred during BPA therapy and follow-up and all 

studied patients are still alive and in good general condition.   

Conclusions: This study demonstrated safety and efficacy of refined BPA in patients aged at least 75  years with 

surgically accessible   CTEPH  disqualified from PEA. 

Table 1.  Clinical and hemodynamic parameters.  

 Pre BPA P Post BPA 

Mean PAP, mmHg 41 (31-53) < 0.01 23 (17-33) 

CI, l/min/m2 2,31 (1,73 ς 2,98) < 0.01 3,15 (2,38-3,44) 

PVR, Wood units 8,21 (4,8-14,38) <0.01 3,27 (2,1-4,8) 

WHO 1/2/3/4 (n) 0/0/7/3  <0.05 2/8/0/0  

 

ICC17-50. FIRST RESULTS OF BALLOON PULMONARY ANGIOPLASTY FOR INOPERABLE CHRONIC THROMBOEMBOLIC 

PULMONARY HYPERTENSION (CTEPH) PATIENTS IN BRAZIL 

F.S. Souza1, I. Melo2, M. Leite3, R. Abreu4, M.G. Ferreira5, P. Ribeiro6 
1- Division of Interventional Cardiology, Professor Edgard Santos University Hospital, Salvador, BA, Brazil; 2- Division of Interventional 

Cardiology, Ana Nery Hospital, Salvador, BA, Brazil; 3- Cirtorax -Thoracic Surgery Clinic, Santa Izabel Hospital, Salvador, BA, Brazil; 4- 

Department of Pulmonology, Professor Edgard Santos University Hospital, Salvador, BA, Brazil; 5- Department of Pulmonology, Santa Izabel 

Hospital, Salvador, BA, Brazil; 6- Division of Interventional Cardiology, Santa Izabel Hospital, Salvador, BA, Brazil 

 

Objective: To describe the first results of balloon pulmonary angioplasty (BPA) in Brazil.  

Methods: From February 2015 to December 2016, we performed BPA in selected inoperable CTEPH patients in 

World Health Organization (WHO) functional class III or IV. 

Results: Four female patients (mean age, 44,5±9,7 years) with average symptoms duration of 35±16,7 months, 

underwent BPA. All patients were in continuous use of pulmonary vasodilators. BPA was performed in a step-wise 

manner (average of 6 procedures for 10±1,6 vessels per patient). After an average of 4,8±1,5 months of follow-up, 



 
mean pulmonary artery pressure (mPAP) decreased 19,4% (63,3±6,4 to 51±3,5 mmHg; p=0,016), pulmonary 

vascular resistance (PVR) decreased 34% (994±104,8 to 650,8±132 dyne.s.cm-5; p<0,02), and cardiac index 

increased 18% (2,19±0,5 to 2,6±0,3 l/min/m2; p=0,15) compared to baseline. Brain natriuretic peptide also 

decreased (472±357 to 294±310,2 pg/ml; p<0,03). Improvement of subjective symptoms (WHO class III/IV to class 

II) and quality of life measured by Minnesota Living with Heart Failure score (81,7±3,4 to 31±18; p=0,01) were 

observed. Clinically manifested reperfusion pulmonary edema was diagnosed after 17% of the procedures. 

Mechanical ventilation was not required. All patients remained alive until the last evaluation.  

Conclusions: To our knowledge, this is the first report of a BPA program for inoperable CTEPH patients in our 

country. All patients presented improvements in hemodynamic parameters, functional status and quality of life. 

However, persistence of pulmonary hypertension was observed. This may be explained by our BPA learning curve 

and by the patients extremely high mPAP and PVR baselines levels. 

 

ICC17-51. REFINED BALLOON PULMONARY ANGIOPLASTY FOR THE TREATMENT OF NON-OPERABLE CHRONIC 

THROMBOEMBOLIC PULMONARY HYPERTENSION (CTEPH): INITIAL EXPERIENCE IN A CTEPH CENTRE 

Y. Taniguchi*, O. Planche*, S. Bourkhis, A.S. Rangheard, F. Parent, O. Sitbon, M. Humbert,  

D. Montani, L. Savale, G. Simonneau, X. Jaïs 
YT* and OP* contributed equally 

Service de Pneumologie et Radiologie, Centre de wŞŦŞǊŜƴŎŜ ŘŜ ƭΩƘȅǇŜǊǘŜƴǎƛƻƴ ǇǳƭƳƻƴŀƛǊŜΣ IƾǇƛǘŀƭ .ƛŎşǘǊŜΣ ¦ƴƛǾŜǊǎƛǘŞ tŀǊƛǎ-Sud, France 

 

Background: The treatment for non-operable chronic thromboembolic pulmonary hypertension (CTEPH) has 

recently changed with the availability of balloon pulmonary angioplasty (BPA). We started our BPA program in 

November 2015. In order to minimize the rate of complications, we preferentially target low-risk lesions (ring-like 

stenoses, webs, and incomplete occlusive lesions in lower lobes) with undersized balloons according to a 

predefined strategy.  

Methods: Between November 2015 and March 2017, 30 patients with non-operable CTEPH were selected in a 

multidisciplinary meeting. At inclusion, 23 of the 30 patients were already treated with PAH-targeted drugs 

including riociguat (n=14), endothelin receptor antagonists (n=13), and phosphodiesterase type-5 inhibitors (n=7). 

A total of 131 sessions have been performed.  Fourteen patients underwent complete BPA procedures, and were 

reevaluated 3 months after the last BPA session. We classified BPA-related complications as: 1) pulmonary injury - 

defined as hypoxia and clinical symptoms with newly developed radiographic opacities and with or without 

haemoptysis. - Severity was classified as mild: if patients required nasal oxygen therapy, moderate: required non-

invasive ventilation, severe: required mechanical ventilation and/or circulatory assistance. 2) Pulmonary artery 

dissection 

Results: 

 1/Safety was analyzed in 30 patients and 131 sessions:  

Event Total number % sessions % patients treatment 

Pulmonary injury 18 13.7% 36.7%  
 Mild 16 12.2% 33.3%  
 Moderate 2 1.5% 6.7%  
 Severe 0 0.0% 0.0%  

 Haemoptysis (+) 16 12.2% 30.0%  

Mechanism of PI     
 Wire perforation 10 7.6% 23.3% Balloon sealing n=10 



 
 Balloon injury 5 3.8% 13.3% Balloon sealing n=5 

Embolization n=1 
 Unknown 3 2.3% 10.0% Balloon sealing n=1 

No treatment n=2 

Arterial dissection 3 2.3% 10.0% No treatment n=3 

Death 0 0.0% 0.0%  

 

2/Efficacy was analysed in 14 patients.  

BPA dramatically improved hemodynamic parameters with a significant increase in cardiac output (+ 20%) and a 

decrease in mPAP (-29%) and pulmonary vascular resistance (PVR) (-41%), which were associated with improved 

WHO-Fc and 6 MWD 

Variables Baseline After BPA P value 

CO (L/min) 4.64 ± 0.88 5.57 ± 1.53 0.001 

mPAP (mmHg) 44.0 ± 10.5 31.4 ± 10.7 0.035 

PVR (dyne/cm5) 7.72 ± 2.95 4.57 ± 3.09 <0.001 

6MWD (m) 403 ± 80 445 ± 99 0.008 

SvO2 (%) 63.0 ± 6.1 67.9 ± 5.2 0.003 

NYHA Fc (I,II /III, IV) 5 / 9 13 / 1 0.004 

Conclusions: Our initial experience with a refined BPA strategy in non-operable patients is encouraging with low 

rate of complications and significant clinical and hemodynamic improvement.  

 

ICC17-52. HEMODYNAMIC AND CLINICAL IMPROVEMENT AT FOLLOW-UP AFTER SAFE REFINED BALLOON 
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Hospital Universitario 12 de Octubre, Cardiology, Madrid, Spain; 5- Hospital Universitario 12 de Octubre, Cardiac Surgery Department, 

Madrid, Spain; 6- Hospital Universitario 12 de Octubre, Intensive Care Unit, Madrid, Spain 

 

Aims: To evaluate safety and efficacy of refined balloon pulmonary angioplasty (BPA) in non-operable European 

population with CTEPH. To determine factors related to reperfusion pulmonary edema (RPE). 

Methods: We began refined BPA in inoperable severely ill patients with CTEPH May 2013. We analyzed 

ƘŜƳƻŘȅƴŀƳƛŎΣ ŦǳƴŎǘƛƻƴŀƭ ŀƴŘ ōƛƻƳŀǊƪŜǊǎ ƛƳǇǊƻǾŜƳŜƴǘ ŀŦǘŜǊ җ о .t! ǇǊƻŎŜŘǳǊŜǎ ŀƴŘ ǘƘŜ ƛƴŎƛŘŜƴŎŜ ƻŦ ǎŜǾŜǊŜ 

complications, RPE and mortality. 

Results: We performed 156 .t! ǎŜǎǎƛƻƴǎ ƛƴ пс ǇŀǘƛŜƴǘǎΦ Lƴ ǘƘŜ ну ǇŀǘƛŜƴǘǎ ǿƛǘƘ җ о ǇǊƻŎŜŘǳǊŜǎ ǿŜ ŀŎƘƛǾŜŘ ŀ 

mean pulmonary vascular resistance (PVR) reduction of 44% (11±5 vs 5.5±2.2 WU p <0.001), a mean reduction in 

mean pulmonary arterial pressure of 27.9% (53±12 vs 37.8±9.6 mmHg, p <0.001), a mean cardiac index increase 

of 25.8% (2.3±0.6 vs 2.8±0.6 L/min/m2), a mean reduction in NT pro-BNP levels of 64.8% (1540± 423 vs. 

322.5±397 pg/dL, p <0.001) and a mean increase of 82 meters in the 6-minute walking test (382.8±116 vs. 

456±118 m, p=0.003). RPE appeared in 9 procedures (5.8%). One patient had severe RPE that required mechanical 

ventilation, dying as a consequence of this (mortality 2.1%). By multivariate analysis, value of PVR prior to BPA 



 
procedure and mean wedge pressure prior to BPA correlated with the appearance of RPE (OR 9.92, CI 1.98-49.7, 

p=0.005 and OR 2.81, CI 1.05-7.56, p= 0.04 respectively). 

Conclusions: In our experience, BAP in patients with non-operable HPTEC, performed following a refined 

procedure, is an effective technique, since it significantly improves hemodynamics, functional capacity and 

biomarkers, with low ERP and mortality rates. 

 

Baseline characteristics 

Patients n 46 

Women 32 (69.6%) 

Age  59,3 ± 15 years (22-84) 

Associated Conditions / Thrombotic Risk Factors  

ω bŜƻǇƭŀǎƳ 9 (19.6%) 

ω ¢ƘǊƻƳōƻǇƘƛƭƛŀ 4 (8.7%) 

ω /ŜƴǘǊŀƭ ŎŀǘƘŜǘŜǊǎ 2 (4.3%) 

ω ¢ƘȅǊƻƛŘ ŘƛǎŜŀǎŜ 12 (28.6%) 

ω {ǇƭŜƴŜŎǘƻƳȅ 0 

HAP specific medication  

ω ²ƛǘƘƻǳǘ ŘǊǳƎǎ 0 

ω м ŘǊǳƎ 18 (39.1%) 

ω н ŘǊǳƎǎ 21 (45.6%) 

ω о ŘǊǳƎǎ όƛƴŎƭǳŘƛƴƎ prostanoids) 7 (15.2%) 

BPA procedure characteristics  

Number of lobes treated per session 1.17 ± 0.3 (1-2)  

Number of segmental branches treated per session 2.26 ±0.8 (1-5) 

Number of subsegmental branches treated per session 3.29 ± 1.6 (1-12) 

Mean amount of contrast media used per session 308 ± 80 cc (70-490) 

Average procedure lenght 123 ± 25 min (55-205) 

Mean fluoroscopy time/procedure 36 ± 11 min (4-61) 

Median patient radiation exposure/procedure 86.25 mGy/cm2 (62.3-129.7) 

Balloon number/session 2,43 ± 1 (1-5) 

BPA procedure complications  

Absence of complications 112 (71.8 %) 

Guide catheter dissection without loss of flow 10 (6.4%) 

Reperfusion pulmonary edema 9 (5.8%) 

Perforation requiring interventionism 1 (0.6%) 

Hemo sputum 20 (12.8%) 

Balloon or guide wire dissection  1 (0.6%) 

Femoral hematoma 1 (0.6%) 

 

Changes in hemodynamic parameters, functional class and biomarkers during the follow-up ŀŦǘŜǊ җ о .t! 

 Before BPA !ŦǘŜǊ җ о .t! P 

WHO functional class (I / II / III / IV) 3.1 (0/2/19/7) 1.7 (9/18/1/0) <0.001 

6 minutes walking test 382.8 ± 116 m 456 ± 118 m =0.003 

Mean pulmonary arterial pressure 53±12 mm Hg 37.8± 9.6 mm Hg <0.001 

Pulmonary vascular resistance 11±5 W.U. 5.5±2.2 W.U. <0.001 

Cardiac index (L/min /m2) 2.3±0.6 2.8±0.5 =0.001 

Oxygen saturation % 93.9±4.1 96.6±3.3 <0.001 


















































