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IMMUNE REPERTOIRE-BASED SIGNATURES IN THE BLOOD AND IN THE LUNG VESSEL-ASSOCIATED TERTIARY LYMPHOID 
TISSUE IN PRE-CAPILLARY PULMONARY HYPERTENSION
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In PAH, tertiary lymphoid tissues (tLTs) connected to remodeled vessels, Ig deposits in 
the lung, and circulating autoantibodies to vascular wall components, argue for a role of 
adaptive immune response and autoimmunity, beyond inflammation.
The presence of tLTs in the lung suggests lymphoid neogenesis as a critical step in 
maintaining immunity against local autoantigens. Thus we searched for an immune 
signature in the lung and peripheral blood of PAH patients.
T cell repertoire of 26 patients with iPAH, hPAH or PVOD (11 transplanted) and 
24 controls were analyzed in peripheral purified CD4+ T cells and after laser-
microdissection of perivascular tLTs. Genomic detection of T cell receptor (TCR) 
rearrangements by multiplex PCR on the TCR loci was used for exhaustive analysis 
of the combinatorial diversity of immune repertoires. (http://www.immunid.com, 
ImmunTraCkeR®). These studies were approved by an ethical committee. 

Using advanced pattern recognition algorithms and statistics we identified 6 
rearrangements that best discriminate patients and controls using peripheral blood 
samples, with an accuracy of 82%. One of these rearrangements was the most 
contributive to the signature (p<0.0035, Chi-square test), and 3 rearrangements were 
associated to the presence of circulating autoantibodies. Whereas repertoire diversity 
was preserved in the periphery, it was highly restricted and expanded in tLTs. This 
was also confirmed in a retrospective validation set of 10 cases from our tissue bank. 
Further analysis in the overall lung cases (n=21), revealed a set of 6 rearrangements that 
showed expansion in about 70% of lung cases, whatever the PH subtype, suggesting 
a local immune response with a public repertoire usage. Other highly expanded 
rearrangements in less cases or individual cases may represent a more private repertoire.
These immune signatures provide additional clues for local autoimmunity in PAH, that 
could be further exploited for future biomarkers of PH condition.
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A GENOME-WIDE ASSOCIATION STUDY IN CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION
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Chronic thromboembolic pulmonary hypertension (CTEPH) is an infrequent but important 
complication of acute pulmonary embolism (PE). Thrombophilias and non-O blood 
groups are genetic risk factors for venous thromboembolism (VTE), however they are not 
independently associated with CTEPH. Identifying genetic risk factors for CTEPH would 
provide important insights into pathobiology and might allow risk-stratification following PE.
We undertook a genome-wide association study (GWAS) in CTEPH to identify novel disease loci.
To date, 1457 Caucasian CTEPH patients were enrolled from 10 European 
and US Centers and compared to 1536 healthy Caucasian controls from the 
Wellcome Trust Case Control Consortium. Genotyping was performed using the 
HumanOmniExpressExome-8 array followed by genetic imputation. Quality control 
criteria and statistical analysis are summarised in Figure 1.
1250 CTEPH cases, 1492 controls and 7 million SNPs were included after QC exclusions. Two 
loci, in chromosomes 4 and 9 were significantly associated with CTEPH (Figure 1). The lead 
SNP in chr9 (rs532436, OR=2.38, p=4.6x10-32) is highly correlated with the SNP that tags the 
A1 blood group (R2=0.99). The chr4 lead SNP (rs13130318, OR=1.4, p=5.6x10-8) is correlated 
with a missense variant in the fibrinogen gamma gene (rs6050, R2=0.89) associated with 
decreased fibrinogen protein and increased resistance to fibrinolysis. There were 11 significant 
SNPs in the chr9 ADAMTS13 gene locus that is moderately correlated with ABO.
We report the first GWAS in CTEPH, identifying at least 2 genetic loci associated with the disease. 
The ABO association is driven by the A1 blood group and represents the largest population 
attributable genetic risk factor for CTEPH. The potential ADAMTS13 association is a plausible 
biological candidate, and further work will establish whether it is independent from ABO.
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GENETIC ANALYSIS OF 2,156 WHO GROUP 1 PAH PATIENTS ENROLLED IN THE PAH BIOBANK
Pauciulo Michael*, Lutz Katie, Walsworth Anna, Martin Lisa, Nichols William
Cincinnati Children’s Hospital Medical Center ~ Cincinnati ~ United States of America

While several genes have been identified in patients with FPAH and IPAH, there are no 
large cohorts available to the research community that provide the power necessary to 
identify additional genetic factors contributing to disease susceptibility.
The PAH Biobank was established to build a resource of biological specimens, clinical 
data and genetic data for the PAH research community. Information on the resource 
and access to the samples/data can be found at www.pahbiobank.org. To date, 2,806 
patients have been enrolled from 38 Enrolling Centers.
Blood samples are collected, shipped overnight, and processed to store plasma and 
serum, extract DNA and RNA, and prepare immortalized cell lines. DNA sequencing 
is performed using the Illumina TSCA system to interrogate the coding sequences of 
BMPR2, ALK1, ENG, CAV1, KCNK3, EIF2AK4, and SMAD9. Genotyping of >4.3 million 
SNPs is done using the Illumina HumanOmni5 Beadchip. MLPA is performed to identify 
exonic deletions/duplications of BMPR2, ALK1, and ENG.

Genetic analysis has been completed in 2,156 patients including 955 IPAH, 1,012 APAH, 
87 FPAH, and 89 Drugs and Toxins PAH. 467 distinct variants occurred 12,790 times. 
Of these, 282 coding variants were observed 2,424 times. This included 28 nonsense 
mutations, 53 ins/dels, and 12 splice site mutations. 189 missense variants occurred 
1,956 times; some patients harbored more than one missense variant. Of the 282 distinct 
coding variants, 121 were in BMPR2. The remaining 161 coding variants were spread 
across other six genes sequenced. MLPA identified 21 exonic insertion/deletions in 
BMPR2, ALK1 and ENG.
The PAH Biobank is a powerful resource available to the PAH research community. While 
mutations have been identified in several genes, BMPR2 remains the gene with the most 
mutations. Stratification of the cohort based on these genetic analyses could enable 
the identification of additional, novel genes and/or modifier genes affecting disease 
severity/penetrance.
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REDUCED RIGHT VENTRICULAR CONTRACTILE RESERVE IN PATIENTS WITH SYSTEMIC SCLEROSIS AND BORDERLINE 
PULMONARY ARTERIAL PRESSURES
Marra Alberto Maria*[1], Nagel Christian[1], Egenlauf Benjamin[1], Harutyunova Satenik[1], Blank Norbert[2], Lorenz Hanns--Martin[2], Fiehn Christoph[3], Benjamin Nicola[1], Fischer Christine[4], Cittadini 
Antonio[5], Bossone Eduardo[6], Grünig Ekkehard[1]

[1]Centre for Pulmonary Hypertension at Thoraxclinic, University Hospital Heidelberg, Heidelberg, Germany ~ Heidelberg ~ Germany, [2]Department of Rheumatology, University Hospital Heidelberg, Heidelberg, Germany ~ 
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Medical Sciences ~ Naples ~ Italy, [6]Department, Cardiology Division, “Cava de’ Tirreni and Amalfi Coast” Hospital, University of Salerno, Salerno, Italy ~ Salerno ~ Israel

The objective of this prospective study was to evaluate right ventricular function and 
pulmonary arterial compliance (PAC=stroke volume/pulse pressure) at rest and during 
exercise in patients with systemic sclerosis (SSc) patients with normal and borderline 
mean pulmonary artery pressures (mPAP), respectively.
Patients with SSc (n=112) underwent clinical assessment and right heart catheterization 
at rest and during exercise and were divided into three groups according to their resting 
mPAP values: normal mPAP (≤20 mmHg), mildly elevated mPAP (21-24 mmHg) and 
pulmonary hypertension (PH, mPAP ≥25 mmHg). Results were compared between 
groups by ANOVA followed by post-hoc student’s t-test. 
Compared to patients with normal mPAP, patients with mildly elevated mPAP)showed 
lower 6-minute-walking distance (6MWD; p<0.008), lower cardiac index (CI) (p=XX) 
and higher PVR (p=0.06) during exercise, and lower PAC at rest (p=0.016) and exercise 
(p=XXX). 
The results of this study suggest that impaired 6MWD in SSc-patients with mildly 
elevated mPAP) might be caused by reduced PAC during exercise and reduced RV 
contractile reserve, presumably due to impaired coupling between the right ventricle 
and the pulmonary vasculature. These findings give further evidence for mildly elevated 
mPAP being an early stage of pulmonary vascular disease
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RISK ASSESSMENT IN SCLERODERMA PATIENTS WITH NEWLY DIAGNOSED PULMONARY ARTERIAL HYPERTENSION: 
APPLICATION OF THE ESC/ERS RISK PREDICTION MODEL 
Mercurio Valentina*, Diab Nermin, Peloquin Grace, Damico Rachel, Kolb Todd, Mathai Stephen, Hassoun Paul
Johns Hopkins University ~ Baltimore ~ United States of America

Systemic sclerosis-related pulmonary arterial hypertension (SSc-PAH) is characterized 
by worse prognosis in comparison to idiopathic PAH (IPAH). The estimated mortality risk 
predictors reported in the current European guidelines for pulmonary hypertension have 
been evaluated mostly in IPAH. 
The aim of this study was to explore the ability of the European Society of Cardiology/
European Respiratory Society (ESC/ERS) guidelines’ risk assessment tool to accurately 
predict mortality in SSc-PAH patients.
SSc patients enrolled in the Johns Hopkins Pulmonary Hypertension Program and 
newly diagnosed with PAH with follow-up period of at least 1 year were included in the 
analysis. Three different methods were applied to categorize patients: 1) according to 
the presence of none, 1, 2, 3 or 4 of the following low-risk criteria: WHO functional class 
(WHO-FC) I-II, 6 minute walking distance (6MWD) > 440 m, right atrial pressure (RAP) < 
8 mmHg, and cardiac index (CI) ≥ 2.5 L/min/m2; 2) according to the presence of none, 
1, 2, 3, or 4 of the following high risk criteria: WHO-FC III-IV, 6MWD < 165 m, RAP > 14 
mmHg, and CI < 2 L/min/m2; 3) according to a score of 1 (low-risk), 2 (intermediate-risk) 
or 3 (high-risk) defined as the average of the sum obtained by grading each variable 
from 1 to 3 according to guidelines’ cut-off values.
From January 2000 to June 2016, 151 SSc-PAH patients (128 female, mean age 61.2 ± 
12.1 years) have been enrolled. Overall mortality among risk categories was significantly 
different according to each categorization method (Log rank p-value < 0.0001). Both the 
categorization according to the presence of low-risk criteria and to the score derived 
from guidelines’ cut-off values were consistent with ESC/ERS guidelines’ estimated 
1-year mortality.
Our findings suggest that an abbreviated version of the ESC/ERS guidelines’ risk 
assessment may be valid to estimate mortality risk in SSc-PAH patients.
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IDENTIFICATION OF GENETIC DEFECTS IN PULMONARY ARTERIAL HYPERTENSION BY A NEW GENE PANEL DIAGNOSTIC 
TOOL
Song Jie*[1], Eichstaedt Christina Alessandra[1], Rodriguez Viales Rebecca[2], Benjamin Nicola[1], Harutyunova Satenik[1], Fischer Christine[3], Hinderhofer Katrin[3], Grünig Ekkehard[1]
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Pulmonary arterial hypertension (PAH) is a rare autosomal dominant lung disease 
with reduced penetrance. In this study we developed a new PAH specific gene panel 
including major disease genes and further candidates. This next generation based 
diagnostic approach provides more comprehensive data than the current diagnostic 
procedure of Sanger sequencing of the three major genes (BMPR2, ACVRL1, ENG).
We aimed to investigate the frequency of mutations if all known PAH and further 
candidate genes are assessed with a novel PAH specific gene panel.

We included 37 patients with invasively confirmed PAH by right heart catheterisation and 
5 relatives of further affected patients for genetic testing. A new PAH-specific gene panel 
was designed to enrich genes of interest. We used next generation sequencing to assess 
the coding sequence and intron/exon boundaries of 12 known disease genes and 17 
candidate genes. Any potential pathogenic variants were reassessed by direct Sanger 
sequencing.
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EFFECTIVENESS OF PERCUTANEOUS TRANSLUMINAL PULMONARY ANGIOPLASTY FOR LONG-TERM OUTCOMES IN 
CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION
Takeuchi Kaori*[2], Inami Takumi[2], Kataoka Masaharu[1], Kikuchi Hanako[2], Yohei Shigeta[2], Goda Ayumi[2], Ishiguro Haruhisa[2], Yoshino Hideaki[2], Satoh Toru[2]
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In recent years, the therapeutic strategy for patients with Chronic thromboembolic 
pulmonary hypertension (CTEPH) has changed dramatically with the development of 
percutaneous transluminal pulmonary angioplasty (PTPA). There were a few reports on 
long-term outcomes of PTPA.
The purpose of this study was to investigate the 5-year outcomes and effectiveness in 
pulmonary hemodynamics after PTPA.
This study retrospectively included 196 patients with non-operable CTEPH patients 
who underwent PTPA until June 2017. Firstly, we investigated the 5-year survival rate, 
ambulatory oxygen therapy (AOT) and PH-targeted drugs usage rate at 5 years after 
PTPA. 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).
A median of age, PTPA session performed per person and dilated vessels per person 

was 67[56-74] years old, 4[3-5] and 16[10-20] respectively. 1-year, 3-year, and 5-year 
survival (all-cause) were 98.9% (95% confidence interval [CI], 94.9-99.7), 97.5% (95% 
CI, 93.4-99.1), and 96.1% (95%CI, 90.1-98.5), respectively. Time-course changes of 
hemodynamics after PTPA in patients with CTEPH. PAP was least squares mean of 38 
mmHg at baseline, and changed to 22 mmHg at short-term, 21 mmHg at mid-term, 
and 20 mmHg at long-term after PTPA (all P<0.001 vs. baseline, respectively). PVR was 
7.8 Wood units at baseline, and changed to 3.0 Wood units at short-term, 2.9 Wood 
units at mid-term, and 2.5 Wood units at long-term after PTPA (all P<0.001 vs. baseline, 
respectively). AOT usage rate after 5 years was reduced to 42.8% (95% CI, 30.5-54.6). PH-
targeted drugs usage rate after 5 years was reduced to 25.0% (95% CI, 15.4-34.6).
The findings of the present study demonstrate that long-term favorable outcomes after 
PTPA can be expected in patients with CTEPH.
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SEQUENTIAL HYBRID THERAPY WITH PULMONARY ENDARTERECTOMY AND ADDITIONAL BALLOON PULMONARY 
ANGIOPLASTY FOR CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION.
Yanaka Kenichi*[1], Nakayama Kazuhiko[1], Shinke Toshiro[1], Otake Hiromasa[1], Kawamori Hiroyuki[1], Shinkura Yuto[1], Tamada Naoki[1], Onishi Hiroyuki[1], Tsuboi Yasunori[1], Kobayashi Seimi[1], Tanaka 
Hiroshi[2], Okita Yutaka[2], Emoto Noriaki[1], Hirata Ken--Ichi[1]
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Pulmonary endarterectomy (PEA) is a gold standard therapy that can dramatically reduce 
pulmonary artery pressure (PAP) and improve the prognosis on chronic thromboembolic 
pulmonary hypertension (CTEPH). However, residual pulmonary hypertension or 
persistent symptoms even after PEA are still the clinical issues to be solved.
The aim of this study was to evaluate the efficacy and safety of sequential hybrid therapy 
with PEA and additional balloon pulmonary angioplasty (BPA) for CTEPH.
Between November 2001 and May 2017, 44 patients underwent PEA in Kobe University 
Hospital. Among them, 20 patients had residual symptom (WHO functional class I/II/III/IV: 
0/11/8/1), and 10 patients of them underwent additional BPA (hybrid group) and were 
compared with the other 10 patients who followed up without BPA (PEA group).
The period from PEA to additional BPA was 7.3 ± 2.3 months. In hybrid group, mean PAP 

had been significantly improved by PEA (40.6 ± 1.8 to 26.9 ± 3.1 mmHg, p=0.001) and 
improved further (to 16.7 ± 1.8 mmHg, p=0.002) by additional BPA, which resulted in 
remarkable improvement of WHO functional class (I/II/III/IV: preBPA-0/5/4/1 to post-
BPA-7/3/0/0, p<0.001). When compared with PEA group at follow up, hybrid group 
achieved significantly better mean PAP (18.1 ± 1.8 vs 30.2 ± 3.2 mmHg, p=0.004), WHO 
functional class (I/II/III/IV: 7/3/0/0 vs 0/8/2/0, p=0.001), and 6MWT (429±38 vs 319±22m, 
p=0.03). No patient died and had severe complication needed mechanical ventilator 
and extracorporeal membrane oxygenation during whole study period in hybrid group.
Although PEA for CTEPH had improved pulmonary hemodynamic profiles, additional 
BPA could improve them further. Sequential hybrid strategy safely improved residual PH, 
symptom, and exercise capacity compared with single PEA therapy in CTEPH.
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EARLY DETECTION OF PULMONARY ARTERIAL HYPERTENSION IN APPARENTLY HEALTHY CHILDREN BY MANDATORY 
ELECTROCARDIOGRAPHY SCREENING: A JAPANESE NATIONWIDE SURVEY
Yoshihide Mitani*[1], Hirofumi Sawada[1], Tomotaka Nakayama[2], Hiroyuki Fukushima[3], Shigetoyo Kogaki[4], Takehiro Igarashi[5], Fukiko Ichida[6], Yasuo Ono[7], Toshio Nakanishi[8], Shozaburo Doi[9], Shiro 
Ishikawa[10], Masaki Matsushima[11], Osamu Yamada[5], Tsutomu Saji[2]
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Japan, [5]National Cerebral and Cardiovascular Center ~ Osaka ~ Japan, [6]Toyama University School of Medicine ~ Toyama ~ Japan, [7]Shizuoka Children’s Hospital ~ Shizuoka ~ Japan, [8]Tokyo Women’s Medical University ~ Tokyo 
~ Japan, [9]Tokyo Medical and Dental University ~ Tokyo ~ Japan, [10]Fukuoka Children’s Hospital ~ Fukuoka ~ Japan, [11]Social Insurance Chukyo Hospital ~ Nagoya ~ Japan

For the early detection of cardiovascular diseases, a school electrocardiography (ECG) 
screening has been executed for all the first graders in elementary, middle and high 
schools in Japan.
To uncover the impact of ECG screening on the detection of idiopathic pulmonary 
arterial hypertension (IPAH) in children.
We conducted a nationwide survey of newly diagnosed IPAH pts at 3 months -18 years 
of age in 150 official pediatric cardiology teaching hospitals in Japan during 2005-12. 
Among 87 pts (median age, 9.1 ys; M/F, 46/41) recruited, 19 (22%) were diagnosed at < 
6 years of age, the age of the first school ECG screening.  Among 68 (78%) pts who were 
diagnosed at ≥ 6 years of age, 28 (41%) were detected by ECG screening (Screening 
group), 40 (59%) pts (Non-Screening group) were recognized by their symptoms (n=37) 
or coincidentally in the clinical practices (3).  In the screening group, the proportion of 
pts in WHO functional class (FC) I/II at diagnosis was higher (96% vs 60, p<.001), plasma 

brain natriuretic peptide level was lower (149±290 pg/ml vs 398±559, p=.045) and 
6-minute walk distance (6MWD) was longer (420±109 m vs 327±104, p<.001) than 
in non-screening group, despite similar values in mean PA pressure (58±17mmHg 
vs 61±17, p=.42), and pulmonary vascular resistance index (18±8 Wood units•m2 vs 
21±11, p=.24), cardiac index (3.1±0.8 L/min/M2 vs 2.9±0.9, p=.36) at diagnosis between 
these two groups.   Although PAH targeted therapy was similarly initiated in both groups, 
the proportion of pts who were associated with clinical worsening, defined as death, lung 
transplantation, initiation of iv epoprostenol, reduction of 6MWD by 15% or worsening 
WHO-FC during the study period was lower in the screening group than the non-
screening group (21% vs 51, p=.013).
The school ECG screening in Japan detects a substantial pediatric IPAH population that 
is associated with already established PH but without apparent right heart failure, which 
may be of prognostic importance. 
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PAH-MIMICKING CHIP TO ELUCIDATE THE DISEASE PATHOGENESIS AND SCREEN ANTI-PAH DRUGS
Ahsan Fakhrul*, Al  Hilal Taslim A, Keshavarz Ali
Texas Tech University Health Sciences Center ~ Amarillo ~ United States of America

PAH investigators use intact animal or cellular models that are not malleable enough to 
accommodate investigation of the many aspects of disease pathophysiology.
We propose here to deploy state-of-the-art microfluidic technology to recapitulate the 
salient features of PAH by seeding human PAH-afflicted endothelial cells (ECs), smooth 
muscle cells (SMCs), and adventitial cells (ADCs) on multilayered chips, called PAH-on-a-
chip, that faithfully mimics the pathophysiology of human PAH.
We used the soft lithography technique to prepare polydimethylsiloxane-based chips 
comprising five channels to mimic the perivascular, adventitial, medial, intimal, and 
luminal layers of an artery. We acquired ‘PAH-afflicted’ cells (PAH-ECs PAH-SMCs, and 
PAH-ADCs) from the pulmonary arteries of human patients from the PHBI specimen 
bank. To recapitulate plexiform lesions, we used a spheroid-based method that creates a 
three-dimensional capillary network in the chips.
PAH-ECs grew as a monolayer in the intimal layer. PAH-SMCs grew in the medial layer, 
but unlike ECs, migrated toward the intimal and adventitial layers and began interacting 
with PAH-ECs in the intimal layer. When we grew PAH-ECs in the intimal layers, and 
PAH-SMCs and PAH ADCs in the medial and adventitial layers of the chips, PAH-SMCs 
invaded PAH-ECs, a process resembling muscularization of the luminal layers. Fasudil, a 
Rho-kinase inhibitor, administered via the luminal channel, inhibited the muscularization 
of the luminal layer and reduced the thickness of the medial layer.  
Spheroids of PAH-EC/SMC/ADC seeded in the intimal layer along with collagen formed 
a vascular network that resembles plexiform lesions and shows a slit-like network of 
vessels lined with small, flat, cuboidal endothelial cells and displays small lesions akin to 
glumeruloids.
Our results demonstrate that we can design and fabricate a device resembling 
pulmonary arteries, wherein PAH cells grow and display characteristic features of PAH.
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URIC ACID CAUSES EXCESSIVE PULMONARY ARTERIAL SMOOTH MUSCLE CELL PROLIFERATION VIA URATV1 
UPREGULATION IN PULMONARY ARTERIAL HYPERTENSION
Akagi Satoshi*, Yuichi Tamura, Ly Tu, Carole Phan, Raphaël Thuillet, Ayumi Sekine, Alice Huertas, Marc Humbert, Christophe Guignabert
INSERM UMR_S 999 / University of Paris-Sud / Université Paris-Saclay ~ Le Kremlin-Bicêtre ~ France

High levels of serum uric acid (UA) are associated with disease severity in patients with 
idiopathic pulmonary arterial hypertension (iPAH), but it remains unknown whether UA 
contributes to the disease pathogenesis. 
To study pathophysiological roles of UA in PAH and to evaluate the translational potential 
of benzbromarone, an inhibitor against UA transporter URATv1.
We examined serum UA levels and expression patterns of xanthine oxidase (XO) and 
URATv1 in cultured pulmonary endothelial cells (ECs), pulmonary artery smooth muscle 
cells (PA-SMCs) and in lungs of 10 controls (CTR) and 10 patients with idiopathic PAH 
(iPAH). In addition, the preventive and curative effects of benzbromarone were tested in 
two complementary animal models of severe pulmonary hypertension (PH).
In iPAH, we found elevated levels of serum UA and a strong immunoreactivity for XO 

and URATv1 in the smooth muscle of remodeled arteries and cultured PA-SMCs of 
iPAH patients when compared with controls. These findings were also replicated in 
vivo with high in situ levels of XO and URATv1 in PA-SMCs of remodelled vessels in rats 
with established PH. Consistent with these findings, we also demonstrated in vitro that 
the upregulation of URATv1 contributes to an increased proliferative response to UA 
in iPAH PA-SMCs when compared with control cells, a phenomenon abolished with 
benzbromarone. Finally, we found that benzbromarone partially prevented and reversed 
established PH in the monocrotaline and SU5416+hypoxia rat models.
Our results support the possibility that the blockade of UA transporter may represent 
promising novel approaches for treatment of PAH.
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HEPARAN SULFATE IMBALANCE AND FINE STRUCTURAL MODIFICATIONS OF THEIR SULFATION PATTERNS IN LUNG ARE 
ASSOCIATED WITH FUNCTIONAL EFFECTS IN PRECAPILLARY PULMONARY HYPERTENSION
Albanese Patricia*[2], Dumas Sébastien[3], Ranchoux Benoit[3], Shamdani Sara[2], Chantepie Sandrine[2], Henault Emilie[2], Montani David[1], Girerd Barbara[1], Dormuller Peter[3], Fadel Elie[3], Dartevelle 
Philippe[3], Perros Frederic[3], Humbert Marc[1], Papy--Garcia Dulce[2], Cohen--Kaminsky Sylvia[1]

[1]INSERM UMR-S 999, Hôpital Marie Lannelongue. Univ. Paris-Sud, Faculté de Médecine, Université Paris-Saclay. AP-HP Assistance Publique-Hôpitaux de Paris, Service de Pneumologie, Hôpital Bicêtre ~ 94270, Le Kremlin-Bicêtre 
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Sulfated glycosaminoglycans (GAGs) such as heparan (HS) and chondroitin (CS) sulfate 
are essential components of the extracellular matrix (ECM) in lung homeostasis. In 
pulmonary hypertension (PH) altered ECM participates to lung arterial remodeling. 
We hypothesized that changes in GAG patterns, composition and fine structure in PH 
lung could alter their selective binding to growth factors and cell proliferation, thus 
leading to vascular remodeling. Here we deciphered the fine structure and bioactivity of 
GAGs both in human and experimental PH.
We performed quantitative (GAG total amount, HS/CS ratio,), qualitative (disaccharidic 
sulfation pattern) and functional analysis (growth factor binding, cell proliferation) of 
HS and CS extracted from lungs of patients with precapillary PH and controls, and 
of monocrotaline PH rats. Patients with idiopathic (iPAH), heritable (hPAH) PAH, or 
pulmonary veno-occlusive disease (PVOD) were included. Both human and animal 
studies were approved by ethical committees.

Lungs of patients with iPAH, hPAH and PVOD, revealed specific patterns of HS 
accumulation associated to selective HS disaccharide sulfation patterns. Monocrotalin 
rats presented increased total GAGs/mg lung, preceding vascular remodeling due to HS 
and CS increase, together with changes in disaccharides sulfation patterns, suggesting 
early alteration of GAG structure in disease progression. These changes were correlated 
to significant functional modifications of GAG binding to growth factors (VEGF, FGF-2, 
PDGF), and to increased cell proliferation in the presence of altered GAGs.
Changes of GAG composition and HS sulfation patterns in the lung could maintain a 
chronic inflammatory and vascular remodeling process leading to deregulated vascular 
cell proliferation through abnormal binding to growth factors. These changes may 
rely on deregulation of GAG sulfation enzymes in the pathological lung that could be 
targeted for future therapeutic intervention.
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EXPERIMENTAL AND HUMAN PULMONARY VENO-OCCLUSIVE DISEASE: SIMILARITIES AND DIFFERENCES
Antigny Fabrice*[1], Nossent Esther[2], Lambert Melanie[1], Ranchoux Benoit[1], Courboulin Audrey[1], Girerd Barbara[3], Soubrier Florent[4], Lecerf Florence[1], Hautefort Aurélie[1], Bogaard Harm Jan[2], Fadel 
Elie[1], Simonneau Gerald[3], Vonk  Noordegraaf Anton[2], Grünberg Katrien[2], Humbert Marc[1], Montani David[3], Dorfmuller Peter[1], Perros Frederic[1]

[1]INSERM UMR-S 999, Hôpital Marie Lannelongue. Univ. Paris- Sud, Faculté de Médecine, Université Paris-Saclay ~ Le Plessis Robinson ~ France, [2]Dept of Pulmonary diseases and Dept of Pathology, VU University Medical Center 
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Pulmonary veno-occlusive disease (PVOD) is an extremely severe cause of pulmonary 
hypertension (PH). It occurs in humans either as hereditary form (hPVOD) due to biallelic 
inactivating mutations of GCN2 (EIF2AK4), or as a sporadic form at older age in a context 
of occupational exposure to organic solvents or treatment by some chemotherapies 
(sPVOD). Mitomycin C is a potent inducer of PVOD in humans and triggers PVOD-like 
disease in rats, representing a unique model (MMC-PH).
Our aim was to compare the pathophysiology of hPVOD, sPVOD and MMC-PH 
pathophysiology. This should allow the discovery of common altered signaling pathways 
that could be targeted for innovative therapy.
We applied a combination of histological, Q-PCR, Western blot, cell culture and Patch-
clamp analyses on pulmonary samples from MMC-exposed rats (week 1, 2, 3, 4, and 5 
after MMC exposure), EIF2AK4 mutations-carriers (hPVOD) and non-carriers (sPVOD) 
patients, as compared to non-PH controls.
Surprisingly, MMC-induced PVOD in rat was primarily characterized by arterial 

remodeling and only secondary followed by severe venous remodeling when PH 
becomes symptomatic. hPVOD, sPVOD and MMC-PH had in common a loss of 
pulmonary GCN2 expression and a paradoxical overexpression of heme oxygenase 1 
(HO-1) and CCAAT- enhancer-binding protein (C/EBP) homologous protein (CHOP), 
two downstream effectors of GCN2 signaling but also of the endoplasmic reticulum (ER) 
stress. All forms were also characterized by a near loss of the Ets transcription factor ERG, 
a crucial mediator of pulmonary vascular homeostasis. 
Conversely, we measured differences in the activation of the BMPR-II and TGF-β 
signalings between the 3 forms of PVOD. However the MMC-PH molecular pattern was 
overall closer of the molecular signature of sPVOD patients, highlighting their common 
“toxic” etiology.  

We identified the ER stress and the ERG signaling as possible molecular hubs of PVOD 
pathogenesis and as potential therapeutic targets.
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FORMINS MAY REGULATE ENDOTHELIAL TO MESCHYMAL TRANSITION VIA VASCULAR ENDOTHELIAL CADHERIN
Bernier Meghan*, Bhatta Anil, Romer Lewis
Johns Hopkins School of Medicine ~ Baltimore ~ United States of America

Neo-intimal lesions are a pathologic PAH feature, but control of endothelial to 
mesenchymal transition (EndMT) is not fully understood. Vascular endothelial cadherin 
(VE-cad) is an endothelial-specific intercellular junctional protein. Cadherins are 
organized and stabilized by the actin cytoskeleton in a formin-dependent fashion. 
Abnormal mDia1 may lead to EndMT by altering endothelial intercellular junction 
stability.
Measure effects of formin inhibition on VE-cadherin organization in human pulmonary 
microvascular endothelial cells (HPMEC).
Formin activity was inhibited in monolayer cultures of HPMEC via small molecule 
inhibitor of formin homology 2 domains (SMIFH2) at 20µM for up to 120 minutes (min). 
Hypoxia (<3% FiO2) for 48 hours augmented development of an EndMT phenotype. 
Live image microscopy was used to track SMIFH2 effects on monolayer integrity. 
Epifluorescence was used to define VE-cad localization and changes in the cytoskeleton. 

Western blot analysis was used to quantify VE-cad phosphorylation.
Phase contrast microscopy after 30min SMIFH2 exposure showed breakdown of 
endothelial monolayer and contraction of the cells. On epifluorescence imaging after 
exposure to hypoxia alone, splayed VE-cad junctions, increased distance between 
neighboring cells, and loss of the dense peripheral actin band were noted. SMIFH2 
exposure lead to stippling of VE-cad signal with derangement of the actin cytoskeleton. 
Hypoxia for 48 hours and SMIFH2 lead to near-total loss of VE-cad continuity at junctions. 
Phosphorylation of VE-cad at Y685 was significantly increased (p=0.0017) by 48 hours 
hypoxia and SMIFH2 on western blotting, without changes in total VE-cad.
Formins appear to regulate VE-cad localization, and these changes may be abetted by 
tyrosine phosphorylation of VE-cad. Formin activity may be integral to maintenance of 
the endothelium and prevention of EndMT.
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NEUTRALIZATION OF CXCL12 REVERSES PULMONARY VASCULAR REMODELING BY DECREASING PULMONARY ARTERIAL 
SMOOTH MUSCLE CELL ACCUMULATION
Bordenave Jennifer*[1], Thuillet Raphaël[1], Tu Ly[1], Phan Carole[1], Simonneau Gérald[1], Huertas Alice[1], Hibert Marcel[2], Bonnet Dominique[2], Humbert Marc[1], Frossard Nelly[2], Guignabert Christophe[1]
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Progressive accumulation of pulmonary arterial smooth muscle cells (PA-SMCs) and 
perivascular inflammation lead to pulmonary arterial hypertension (PAH) progression, 
but they are not specifically targeted by the current therapies. Chalcone 4 is a natural 
organic compound with anti-inflammatory and anti-proliferative properties that 
neutralizes the actions of the chemokine CXC Chemokine-12 (CXCL12).
We hypothesized that chalcone 4 could reverse experimental pulmonary hypertension in 
the Sugen/Hypoxia rat model (SuHx).
We tested the efficacies of chalcone 4  (the CXCL12 neutraligand) and of AMD3100 (a 
CXCR4 chemokine receptor antagonist) against established pulmonary hypertension 
(PH) in SuHx-treated rats using curative strategies. In addition, the in vitro effects of 
chalcone-4 and AMD3100 on PA-SMC proliferation and apoptosis were also studied.
Eight weeks after the Sugen 5416 administration, a substantial decrease in values of 

total pulmonary vascular resistance and of pulmonary vascular remodeling were found 
in SuHx rats treated with chalcone-4 and AMD3100 when compared with the SuHx rats 
treated with vehicle. Interestingly, a substantial increase in values of cardiac output in 
SuHx rats treated with chalcone-4 was found when compared with the SuHx rats treated 
with vehicle or AMD3100. Consistent with these observations, chalcone-4 and AMD3100 
substantially attenuated the pulmonary vascular remodeling and PCNA labeling of 
pulmonary arteries in the SuHx rat model. Interestingly, chalcone-4 and AMD3100 
reduced PA-SMC proliferation in a dose-dependent manner in vitro.
We report here a greater beneficial effect of chalcone-4 than AMD3100 treatment in the 
SuHx rat model of severe PH, supporting a role for CXCL12 in the progression of vascular 
complications in PH and opening to new therapeutic options.
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COMPREHENSIVE CHARACTERIZATION OF MESENCHYMAL STEM CELLS IN PAH
Byun Kyunghee*[4], Choi Hanul[4], Oh Seyeon[4], Kim Duk--Kyung[1], Kim Duk--Kyung[2], Lee Byeong--Ju[2], Ryu Jeongwon[4], Jung Hae Ok[3], Chung Kevin[4], Choi Hanul[4]
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Pulmonary arterial hypertension is a life-threatening disorder that is caused by the 
combination of abnormal remodeling, constriction and thrombosis of the pulmonary 
arterioles. Current PAH therapy does not cure the disease. Mesenchymal stem cells have 
proven to be a good source for the therapy of cardiac diseases. 
We aimed to determine the effects of human MSCs derived from adipose, bone marrow 
, or umbilical cord blood on the pathobiology of PAH and to identify those MSCs with the 
best therapeutic effect in a murine model of experimental PAH.
In a murine experimental model of monocrotaline-induced PAH, indicators of the 
therapeutic effects of MSCs included (1)engrafted cell survival in lungs measured as the 
mRNA levels of human MSC markers, (2)hemodynamic alterations determined using 
echocardiography, (3)pulmonary vascular remodeling indicated by immunostaining, (4)
gene expression in the lungs using microarray, and (5)analysis of PAH-related pathways 
using a network analysis of PAH-related genes that were affected by the MSCs.

UCB-and BM-MSCs caused a better reduction in RV pressure and function than AD-MSC, 
and showed similar preventive effects on pulmonary vascular media wall thickening, 
fibrosis and proliferation. UCB-MSCs have the greatest survival and stronger restorative 
effects on the immunity and inflammation related gene expressions in the PAH lungs. 
UCB-MSC restored the largest number of genes that have been shown to be involved 
and dysregulated in PAH-related cellular processes and signaling pathways. Of those 
genes, 196 genes were involved in immune and inflammatory responses.
Our comparative analysis of human MSCs demonstrated the improvement of PAH 
pathology by UCB-MSC and showed that the underlying molecular mechanisms were 
largely related to immunity and inflammation. Considering that UCB-MSCs are immune-
privileged and already “on the shelf,” UCB-MSC may be the best source of cell-based 
therapy for patients with PAH.
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INDOLEAMINE-2,3-DIOXYGENASE AS A POTENTIAL THERAPEUTIC TARGET OF PULMONARY HYPERTENSION
Cai Zongye*, Van  Duin Richard Wb, Duncker Dirk Jan, Merkus Daphne
Erasmus MC ~ Rotterdam ~ Netherlands

Indoleamine-2,3-Dioxygenase (IDO-1) is newly identified to be involved in inducing 
pulmonary vasodilation, alleviating pulmonary vascular remodeling and RV remodeling 
in small animal models of pulmonary hypertension (PH), but its expression pattern in RV 
and Lung is not well clarified.
We aimed to investigate the expression pattern of IDO-1 in a porcine model of post-
capillary PH (PCPH).
PCPH was induced by inferior pulmonary vein banding (PVB) in juvenile swine (N=8), 
with sham-operation as control (N=6). Hemodynamics were measured in vivo before the 
swine were sacrificed at week 12 after PVB or sham-operation. Right ventricle (RV) and 
lower lobe of right lung tissues were prepared for histology and molecular analysis.
PCPH had higher mean pulmonary artery pressure (mPAP, 40±7 vs. 23±5 mmHg; 
P<0.0001), systolic PAP (SPAP, 53±10 vs. 34±4 mmHg; P<0.01), systolic RV pressure 
(RVSP, 68±7 vs. 40±11 mmHg; P<0.0001), total pulmonary vascular resistance index 
(tPVRi, 248±55 vs. 127±26 mmHg·L-1·min-1·kg-1; P<0.001), and RV cardiomyocyte 
hypertrophy (Cross-sectional area, CSA, 758±112 vs. 545±69 µm²; P<0.05) compared 
with sham. Relative expression level of IDO-1 in RV (0.4±0.3 vs. 2.1±1.4, P<0.01) and 
lung tissue (0.08±0.06 vs. 0.56±0.54, P<0.05) of PH pigs was significantly decreased 
compared with sham. Relative expression level of IDO-1 in RV had a negative linear 
correlation with mPAP (R2=0.50; P<0.05), SPAP (R2=0.37; P<0.05), RVSP (R2=0.63; 
P<0.001), tPVRi (R2=0.44; P<0.05) and CSA (R2=0.47; P<0.05). Relative expression level 
of IDO-1 in Lung also had a negative linear correlation with mPAP (R2=0.48; P<0.05), 
SPAP (R2=0.46; P<0.05), RVSP (R2=0.48; P<0.05) and tPVRi (R2=0.46; P<0.05).
IDO-1 was significantly decreased in RV and lung of PCPH, and inversely correlated 
with hemodynamics and RV cardiomyocyte size, which suggests up-regulation of IDO-1 
would be a potential therapeutic target for the treatment of PH.
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APELIN-13 CO-TREATMENT WITH UMBILICAL CORD BLOOD-DERIVED MESENCHYMAL STEM CELLS IMPROVES 
ENGRAFTED CELL SURVIVAL AND INHIBITS MACROPHAGE ACTIVATION IN PULMONARY ARTERIAL HYPERTENSION 
MURINE MODEL
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Mesenchymal stem cell (MSC)–treatment has shown clinical benefits in various diseases, 
however the poor viability of engrafted MSC limits therapeutic potential. Apelin-13 is 
a potent inotropic agent that, when administered in conjunction with MSCs treatment, 
improves survival and therapeutic efficacy of MSC in a murine model with peripheral 
arterial disease.
We hypothesized that co-treatment of human umbilical cord blood-derived MSC (hUCB-
MSC) with apelin-13 improves hUCB-MSC survival with a greater protective effect on 
PAH. 
At 3 days post-injection, engrafted MSC survival in lungs was examined by measuring the 
mRNA level of two human MSC markers, CD44, and CD90. Two weeks after hUCB-MSC 
treatment, (1) RV hemodynamics was determined by echocardiography, (2) pulmonary 
arterial media wall thickness and fibrosis by histological assessment, and (3) genes 
related to macrophage activation by quantitative real-time PCR. 

CD44 and CD90 mRNA levels in lungs of co-treatment group was significantly higher 
than in single treatment groups. Although co-treatment did not improve the ability of 
hUCB-MSC to prevent RV dysfunction, arterial medial artery wall thickness, and fibrosis, 
it significantly decreased mRNA level of Cd11c and Cd206, markers for macrophage 
activation, and Cd80, a marker for pro-inflammatory type I macrophage (T1M). In 
contrast, co-treatment significantly increased mRNA level of arginase I, a marker for anti-
inflammatory type 2 macrophage (T2M).
We report that co-treatment of apelin-13 with hUCB-MSCs improves the survival of 
hUCB-MSCs in lungs of PAH rat model, and also improves the ability of hUCB-MSCs to 
suppress macrophage activation by reduction of T1M and induction of T2M levels. Our 
data suggests that co-treatment of apelin-13 with hUCB-MSC protects engrafted cells 
from macrophage-mediated inflammation.



Nice February 27-28 / March 1, 2018 20

February 27, 2018
BASIC SCIENCE - 01 PATHOLOGY AND PATHOBIOLOGY 
ABSTRACT A19
NMDA-TYPE GLUTAMATE RECEPTOR ACTIVATION PROMOTES VASCULAR REMODELING AND PULMONARY ARTERIAL 
HYPERTENSION
Cohen--Kaminsky Sylvia*[1], Dumas Sébastien[2], Bru--Mercier Gilles[2], Courboulin Audrey[2], Quatredeniers Marceau[2], Rucker--Martin Catherine[2], Antigny Fabrice[2], Nakhleh Morad[2], Ranchoux Benoit[2], 
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Pulmonary vascular remodeling in PAH may be driven by metabolic reprogramming of 
vascular cells to increase glutaminolysis and glutamate production. 
The N-methyl-D-aspartate receptor (NMDAR), a major neuronal glutamate receptor, is 
also expressed on vascular cells but its role in PAH is unknown.
Immunohistochemistry, mass spectrometry imaging,western blots were used to assess 
the status of the NMDAR-dependent glutamatergic communication in PAH lungs. 
Enzymatic assays were used to detect glutamate release from vascular cells. PASMC 
proliferation was measured using a BrdU assay. SMC-restricted NMDAR knockout mice 
exposed to hypoxia for 3 weeks and blockade of NMDAR (MK-801) in MCT rats were 
used to emphasize the role of PASMC NMDARs in vascular remodeling. Human and 
animal studies were approved by ethical committees.
We report glutamate accumulation, NMDAR upregulation and its engagement 
(reflected by increases in GluN1-subunit phosphorylation), in the pulmonary arteries of 
PAH patients. Kv channel inhibition and ETAR activation amplified calcium-dependent 

glutamate release from PASMCs, and ETAR and PDGFR activation led to NMDAR 
engagement, highlighting crosstalk between the glutamate-NMDAR axis and major PAH-
associated pathways. The PDGF-BB-induced proliferation of PASMCs, involved NMDAR 
activation and phosphorylated GluN1 localization to cell-cell contacts, consistent with 
glutamatergic communication between proliferating PASMCs via NMDARs. Smooth-
muscle NMDAR deficiency in mice attenuated the vascular remodeling triggered 
by chronic hypoxia. Pharmacological NMDAR blockade in MCT rats had beneficial 
effects on cardiac and vascular remodeling, decreasing endothelial dysfunction, cell 
proliferation and apoptosis resistance, while disrupting the glutamate-NMDAR pathway 
in pulmonary arteries.
These results reveal a dysregulated glutamate-NMDAR axis in the pulmonary arteries of 
PAH patients, and identify vascular NMDARs as targets for anti-remodeling treatments in 
PAH. 
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RASSF1A REGULATES HIF-1: TRIGGERING A FEED FORWARD LOOP IN HYPOXIA DRIVEN PULMONARY HYPERTENSION
Dabral Swati*[1], Muecke Christian[1], Savai Rajkumar[1], Valsarajan Chanil[1], Wietelmann Astrid[1], Semenza Gregg[3], Samakovalis Christos[2], Weissmann Norbert[2], Grimminger Friedrich[2], Seeger 
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Chronic exposure to alveolar hypoxia, observed in patients with chronic lung diseases, 
e.g. COPD, and residents living at high altitude, results in sustained pulmonary 
vasoconstriction and vascular remodeling leading to development of hypoxia-induced 
pulmonary hypertension. O2 sensing mechanisms for response to hypoxia remains 
under investigation, though pathways, including reactive oxygen species (ROS) and 
hypoxia inducible factor-1 (HIF1A) have been suggested.  

Ras association domain family protein 1A (RASSF1A), a scaffold protein, accommodates 
proteins such as HIF and regulate HIF activity under hypoxia contributing to pulmonary 
vascular remodeling.  

Expression analysis studies were done using qPCRs and western blotting. Inhibitors, 
siRNA mediated knockdowns and coIP methods were employed for molecular studies 
while BrdU incorporation assay and lactate assay along with Rassf1a knockout mice were 

used to study the functional role of RASSF1A in vitro and in vivo respectively. 
Biphasic upregulation of RASSF1A was observed in pulmonary artery –smooth muscle 
cells (PASMCs) and –adventitial fibroblasts (PAAFs) exposed to hypoxic time points 
(15min -24h) with RASSF1A protein being stabilized by NAD(P)H oxidase dependent 
ROS under acute exposure and HIF1A mediated RASSF1A mRNA and protein 
expression regulation under longer exposure. RASSF1A knockdown led to a decreased 
expression of HIF1A and its glycolytic target genes (LDHA, PDK1, HK2). CoIP studies 
revealed RASSF1A-HIF1A protein interaction resulting in decreased prolyl hydroxylation/
ubiquitination of HIF1A. RASSF1A positively regulated hypoxia-induced proliferation of 
PASMCs/PAAFs and lactate production while Rassf1a knockout mice were protective 
against hypoxia-induced PH. Importantly, patients (IPAH and COPD-PH) and rodent 
models for PH show elevated levels of RASSF1A, HIF-1A and HIF-1 target genes. 
Elevated RASSF1A is critical in mediating ROS-HIF axis and subsequent proliferative and 
metabolic reprograming in PH.
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INFLUENCE OF 16ALPHA-OHE2 ON MIGRATION AND ARYL HYDROCARBON RECEPTOR SIGNALLING IN BLOOD 
OUTGROWTH ENDOTHELIAL CELLS IN PAH.
Denver Nina*[1], Docherty Craig[1], Harvey Katie Yates[1], Andrew Ruth[2], Homer Natalie[2], Morrell Nicholas[3], Maclean Margaret[1]
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Sex hormones play an important role in pulmonary arterial hypertension (PAH). 
Quantification of estrogen metabolites in human plasma may provide insight into the 
estrogen paradox in PAH. 
We developed a novel LC-MS/MS approach using MPPZ-estrogen derivatization to 
detect estrogen metabolites at physiological levels from non-PAH and PAH patient 
plasma samples. In a small number of plasma samples, we observed the presence of 
16alpha-hydroxyestradiol (16αOHE2) in PAH patient plasma only - suggesting a role for 
16αOHE2 in human PAH. Recent evidence also suggests dysfunctional aryl hydrocarbon 
receptor (AhR) signaling could influence sex hormone synthesis and metabolism and 
may be involved in endothelial dysfunction in PAH. 
In preliminary proof-of-concept studies, we investigated effects of 16αOHE2 in male 
control and PAH patient-derived blood outgrowth endothelial cells (BOECs; n=2-3 
patients/group). Migration was assessed using transwell inserts, and RT-PCR to analyse 

expression of AhR pathway genes. To investigate redox signaling, we studied the effects 
of bardoxolone methyl, a nuclear factor erythroid-2-related factor-2 (Nrf-2) activator. 
16αOHE2 (1nM) increased migration of male PAH-BOECs. Bardoxolone (10nM), 
attenuated 16αOHE2-induced migration in male PAH BOECs (p<0.05; ANOVA). Basal 
levels of cytochrome P450 1A1 (CYP1A1) mRNA transcript was reduced in male PAH 
BOECs versus control BOECs. In male control BOECs, 16αOHE2 decreased mRNA levels 
of aryl hydrocarbon receptor nuclear translocator (ARNT), CYP1A1 and AhR, whereas in 
male PAH BOECs, 16αOHE2 increased AhR transcript expression.
In conclusion, male PAH BOECs are sensitive to 16αOHE2-induced migration, involving 
redox sensitive mechanisms. Dysregulated AhR signaling by 16αOHE2 may contribute 
to endothelial dysfunction in PAH. Further LC-MS/MS analysis of human PAH plasma may 
identify other estrogen metabolites involved in PAH pathogenesis that will require further 
functional studies into their action.
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A MEASUREMENT OF THE COMMON CAROTID ARTERY IN PATIENTS WITH PULMONARY HYPERTENSION
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In our study we propose that pathological changes in the vessel wall of the common 
carotid artery (CCA) are more prominent in patients with PH in comparison to patients 
with left ventricular heart failure (LVHF) and healthy subjects and could be influenced by 
same factors as in the lung circulation.
To measure the intima and media thickness of the CCA in patients with PH,patients 
with LVHF and healthy subjects using high frequency(25 MHz) ultrasound.To measure 
asymmetric dimethylarginine(ADMA),symmetric dimethylarginine(SDMA) and arginine 
in venous blood samples from patients.
Patients with PH were subcategorized according to the condensed clinical classification 
of pulmonary hypertension (updated from Simonneau et al).Venous blood samples were 
obtained from patients to measure asymmetric dimethylarginine(ADMA), symmetric 
dimethylarginine(SDMA) and arginine.
30 patients with PH (pulmonary hypertension group 1,3,4 and 5) had a significantly 

thicker intima layer compared to healthy subjects (N30;p<0.0001).22 patients with 
pulmonary arterial hypertension (PAH;PH group 1) had a significantly thicker intima layer 
compared to healthy subjects(p<0.0001).30 patients with PH had a significantly thicker 
intima layer compared to patients with LVHF (p=0.0009).A thicker intima layer in patients 
with idiopathic pulmonary arterial hypertension (pulmonary hypertension group 1.1) 
correlated to a lower concentration of arginine (r = -0.63, p = 0.016).
The vessel wall of the CCA in patients with PH is thicker in comparison to patients with 
LVHF and healthy subjects.This can reflect more prominent pathological changes in 
the vessel wall of the CCA in patients with PH. The Arginine concentration could be 
one factor that affects the intima layer thickness of the CCA.Our results indicates that a 
similar pathological process might cause changes in the pulmonary circulation and in the 
vessels outside the thoracic cavity which includes at least the CCA.



Nice February 27-28 / March 1, 2018 24

February 27, 2018
BASIC SCIENCE - 01 PATHOLOGY AND PATHOBIOLOGY 
ABSTRACT A23
HISTONE DEACETYLASE 7 MEDIATES HYPOXIA-INDUCED MITOCHONDRIAL REPROGRAMING IN PULMONARY 
HYPERTENSION AND CANCER
Gamen Elisabetta*[1], Chelladurai Prakash[1], Seeger Werner[2], Savai  Pullamsetti Soni[1]
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Suppression of mitochondrial function, reprogramming of the cellular metabolism 
towards glycolysis (“Warburg effect”), increased mitochondrial membrane potential 
(ΔΨm) and apoptosis resistance are known hallmarks of cancer as well for the pulmonary 
artery smooth muscle cells from pulmonary arterial hypertension (PAH-PASMCs). Recent 
literature suggests that Histone deacetylase (HDACs) enzymes, mostly class IIa HDACs 
not only regulate histone-dependent, but also histone-independent functions. 
We hypothesized that members of classIIa HDACs might be involved in cancer-like 
mitochondrial and metabolic reprogramming of PAH-PASMCs.
We aim to identify the role and to characterize the mechanism of classIIa HDACs in 
the regulation of mitochondrial and metabolic remodeling by using hypoxia exposed 
healthy PASMCs, PAH-PASMCs and human non-small cell lung cancer cells (A549). 
We observe that in PASMCs of human and experimental PH lungs, HDAC7 expression 
is upregulated. This finding could be reproduced using ex vivo exposure of PASMCs 

to hypertensive stimuli such as hypoxia and growth factors. Pharmacological inhibition 
and genetic ablation of HDAC7 in PAH-PASMCs as well as in hypoxia-exposed PASMCs 
and A549 cells increase glucose oxidation, reduce ΔΨm and increase susceptibility to 
apoptosis through modulation of pyruvate dehydrogenase kinases (PDKs). Interestingly, 
we identified that specific transcription factors associated with PH/cancer, such as FOXO, 
HIF and STAT3, are regulated by HDAC7. However, modulation of HDAC7 did not affect 
healthy PASMCs, demonstrating the selectivity of HDAC7 towards cells with altered 
phenotype. Furthermore, selective deficiency of HDAC7 in SMCs protected mice against 
hypoxia-induced PH. 
Our findings identify HDAC7 as a new player in the modulation of mitochondrial function 
in PH and cancer. It might represent a link to the several molecular abnormalities so far 
described in both diseases and its targeting can be potential therapeutic strategy.
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COMPLEMENTARY AND INTEGRATED VALUE OF SIX-MINUTE WALK TEST, VE/VCO2 SLOPE AND RIGHT ATRIAL STRAIN IN 
EARLY DETECTION OF FUNCTIONAL IMPAIRMENT AND VASCULAR INVOLVEMENT IN SYSTEMIC SCLEROSIS PATIENTS
Gravellone Miriam*, Giubertoni Ailia, Zanaboni Jacopo, Piccinino Cristina, Marino Paolo Nicola
Clinical Cardiology, “Maggiore della Carità” Hospital ~ Novara ~ Italy

Systemic sclerosis (SSc) is at high risk for pulmonary vasculopathy (PV) leading to 
pulmonary arterial hypertension. Six-minute walk test (6MWT) is extensively used to 
define functional capacity, however innovative functional and echocardiographic 
parameters could detect early stage of PV. Particularly, VE/VCO2 slope measures 
ventilation/perfusion ratio that is impaired in PV and right atrial (RA) strain has been used 
to detect subtle signs of heart disease.
To test the complementary and integrated value of 6MWT, VE/VCO2 slope and RA strain 
to identify early functional and vascular involvement in SSc.
75 SSc patients (68 women, 7 men; mean age 60±21 years) without PAH were referred 
to our institute from March 2015 to January 2017 and were matched with 12 controls. 
All underwent 6MWT, CPET, pulmonary function test, chest-X ray, BNP dosage and 
trans-thoracic echocardiogram. RA strain was assessed by two-dimensional speckle 
tracking from a 4-chamber view. Variables’ associations were tested by Pearson 

correlation coefficient; groups were studied by Fisher’s exact test and one-way analysis of 
covariance.
SSc patients had higher VE/VCO2 slope (mean 31,5±5,3 vs 24,1±3,7) and significantly 
lower RA strain (mean 21,4±9% vs 27,5±6%; p=0,01) than controls. Among SSc cohort 
both RA strain and 6MWT inversely correlated with VE/VCO2 slope (r= -0,29, p=0,01; r= 
-0,22; p=0,04 respectively). However, subdividing patients in those with VE/VCO2 slope 
>34 and ≤34 (cut-off value for pulmonary vascular involvement), RA strain (15,9±8,64% 
vs 22,6±8,56%, p=0,005) but not 6MWT values (471,6±85 vs 492,4±82 meters, p=0,22), 
adjusted for age, significantly differed between two groups. 
In SSc patients integrated approach based on RA strain and VE/VCO2 slope could detect 
mild PV. On the other hand 6MWT does not appear as a sensible marker of pulmonary 
vascular involvement, but has a complementary value in functional impairment’s early 
detection.
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BIOMARKER DISCOVERY IN PULMONARY ARTERIAL HYPERTENSION: EXERCISE TRAINING, OR NIGHTLY OXYGEN
Grunig Gabriele*[1], Eichstaedt Christina[3], Durmus Nedim[1], Saxer Stéphanie[4], Bloch Konrad E[4], Ulrich Silvia[4], Gruenig Ekkehard[3], Pylawka Serhiy[2]
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A biomarker tool to assist clinical diagnosis and molecular disease assessment would be 
useful to personalize PAH management.
Recently, therapeutic exercise training has been shown to significantly improve PAH.  
Further, supplemental oxygen at night has had therapeutic success. We used samples 
obtained before and after management intervention for the development of a micro-
RNA (miRNA) based tool. MiRNAs regulate gene function and therefore can provide 
insights into specific gene networks.
Archived serum or plasma samples were examined from: a) individuals receiving 
therapeutic exercise at the University of Heidelberg, or b) individuals given in a cross-
over design either placebo, or supplemental oxygen at night at the University of Zurich. 
MiRNA levels were measured either singly, or in array format with quantitative PCR.
In both cohorts, miR-22 measured either relative to miR-451 or relative to 5S RNA 
changed in response to treatment (exercise, or oxygen) when compared to baseline or 

placebo. However, patients differed in the direction (higher or lower) of the change in the 
expression level. This could indicate different PAH molecular endotypes. 
To analyze the data from the miRNA array study, we initially performed a cluster analysis 
of the differences in levels after and before treatment. We found that the miRNAs 
clustered according to some of the functional activities. For example some of the 
miRNAs that control expression of bone morphogenetic protein receptor 2 (BMPR2) 
were clustered together. The patient samples from the exercise intervention study 
clustered together with other samples from the same study, but, surprisingly, also with 
samples from the nightly oxygen study.
Single miRNAs could be useful in a point of service approach to follow the longitudinal 
disease process in short time intervals.  The miRNA array could be used as an in-depth 
monitoring tool. Current work is directed to gain further insights to reach these long-
range goals.
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CHARACTERIZATION OF RATS MUTATED IN BMPR2: THE MAIN GENETIC RISK FACTOR FOR PAH
Hautefort Aurélie*[1], Rucker--Martin Catherine[1], Manoury Boris[2], Lambert Melanie[1], Boet Angele[1], Lecerf Florence[1], Dorfmuller Peter[1], Ménoret Séverine[3], Tesson Laurent[3], Anegon Igniacio[3], 
Montani David[4], Girerd Barbara[4], Humbert Marc[4], Antigny Fabrice[1], Perros Frederic[1]

[1]INSERM UMR-S 999, Hôpital Marie Lannelongue. Univ. Paris- Sud, Faculté de Médecine, Université Paris-Saclay ~ Le Plessis Robinson ~ France, [2]Inserm, UMR S1180, Faculté de Pharmacie, Université Paris Sud ~ Châtenay-
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BMPR2 mutations are the main genetic risk factor for heritable pulmonary arterial 
hypertension (hPAH) with an incomplete penetrance of 20%. Several Bmpr2 transgenic 
mice are described but develop no or mild spontaneous PAH (SPH). Since rats are very 
sensitive to pulmonary hypertension induction in the current models of the disease, they 
should be more susceptible to develop PAH in the context of Bmpr2 mutation.
Our aim was to phenotype rat lines with Bmpr2 mutations.
By zinc finger nuclease technic, we created rat lines with monoallelic mutations in the 
Bmpr2 gene. We characterized them at hemodynamic, histological, electrophysiological 
and molecular levels.
We obtained two lines, one with a deletion of 140 base pairs (bp) (Δ140) and the 
second one with a deletion of 71 bp (Δ71) in the exon 1, resulting a half decrease of 
BMPRII expression and of phosphorylated SMAD1/5/9. Interestingly, Bmpr2 mutated 

rats develop an age-dependent SPH with a similar low penetrance to human ranging 
between 16 and 27%. Bmpr2 mutated rats exhibit a progressive pulmonary vascular 
remodeling associated with an overactivation of the pro-proliferative MAP kinase 
signaling pathways. Organ bath studies revealed severe alteration of pulmonary 
arteries (PA) contraction and relaxation associated with an endothelial dysfunction. 
PA abnormalities were mainly allocated to a decrease in KCNK3 function and a 
depolarization of pulmonary smooth muscle cells membrane. The decrease in KCNK3 
function in Bmpr2 mutated rats was related to a mislocalization of KCNK3 channels.
We characterized the first Bmpr2 mutated rats which recapitulate some of the critical 
cellular and molecular dysfunctions described in human PAH. This new genetic rat model 
represents a promising tool to understand PAH pathogenesis.
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PROPOSAL OF CLINICAL DIAGNOSTIC CRITERIA FOR PULMONARY VENO-OCCLUSIVE DISEASE (PVOD) BASED ON THE 
PVOD REGISTRY STUDY IN JAPAN
Ishibashi-Ueda Hatsue*[1], Ohta-Ogo Keiko[1], Sakao Seiichiro[2], Tanabe Nobuhiro[3], Oka Teruaki[4], Kitaichi Masanori[6], Nakanishi Norifumi[5], Satoh Toru[7], Matsubara Hiromi[8], Tatsumi Koichiro[2]
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Pulmonary veno-occlusive disease (PVOD) is a rare disease that is clinically similar to 
idiopathic pulmonary arterial hypertension (IPAH), and difficult to diagnose without lung 
histology.
To establish clinical diagnostic criteria for PVOD, we reviewed the clinical data of patients 
with histopathologically confirmed PVOD compared to those of IPAH.
The lung specimens of autopsy or biopsy and clinical data of 25 patients with definite 
histological diagnosis of PVOD over a 20-year period were collected from 20 hospitals 
in Japan. We also performed a comparative study of 25 autopsied patients with IPAH 
regarding age at onset, sex, history of smoking, PaO2, cardiac catheterization data, 
diffusing capacity of the lung for carbon monoxide (DLCO), and lung findings of high-
resolution computed tomography (HRCT).
The pulmonary histology of all 25 patients with PVOD (female 36%) showed stenosis or 
obstruction of pulmonary venules with wall thickening and intra-alveolar hemosiderosis. 

HRCT was performed in 19 PVOD cases. Among them, interlobular septal thickening was 
noted in 68.4% and centrilobular ground-glass opacity (GGO) was observed in 73.7%. 
Therapy-induced pulmonary congestion was exacerbated in 13 cases (52%). The 56% of 
PVOD patients had smoking history. In a comparative study of 25 patients with PVOD to 
25 patients with autopsy confirmed IPAH, age at onset was significantly higher among 
PVOD (44.8 years vs 23.4 years p<0.0001), hypoxia at rest was more marked (PaO2 
51.2 mmHg vs 82.3 mmHg p<0.001). %DLCO was significantly lower in PVOD (35.7% 
vs.73.6% p<0.0001), whereas other respiratory function tests such as %VC and FEV1% 
showed no significant difference. Cardiac catheterization demonstrated no difference 
between the two groups in the severity of pulmonary hypertension.
We proposed the clinical diagnostic criteria for PVOD: higher age at onset, severe 
hypoxia, significant decrease in %DLCO, and presence of interlobular septal thickening 
and/or centrilobular GGO on HRCT.
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SELENOPROTEIN P PROMOTES THE DEVELOPMENT OF PULMONARY ARTERIAL HYPERTENSION -A POSSIBLE NOVEL 
THERAPEUTIC TARGET-
Kikuchi Nobuhiro*[1], Satoh Kimio[1], Kurosawa Ryo[1], Yaoita Nobuhiro[1], Elias--Al--Mamun Mohammad[1], Abdul  Hai  Siddique Mohammad[1], Omura Junichi[1], Satoh Taijyu[1], Nogi Masamichi[1], Sunamura 
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In spite of the recent multiple combination therapy for 
pulmonary arterial hypertension (PAH), many patients 
develop severe pulmonary hypertension (PH) and need 
lung transplantation because of the delay of diagnosis 
or resistance to the therapies. Pathological specimens 
from such patients reveal an excessive proliferation of 
pulmonary artery smooth muscle cells (PASMCs).
Elucidating a novel therapeutic target for PAH.
Microarray analyses were used to identify a novel 
therapeutic target for PAH. In vitro experiments including 
lung and serum samples from PAH patients, cultured 
PAH-PASMCs and high-throughput screening of 3,336 
low-molecular-weight compounds were used for 
mechanistic study and exploring a novel therapeutic 
agent. In vivo studies including PASMC-specific 
selenoprotein P (SeP) knockout mice and PH model 
rats were used to study the role of SeP and therapeutic 
capacity of sanguinarine for the development of PH.
Microarray analysis revealed a 32-fold increase in SeP in 
PAH-PASMCs compared with controls. Immunoreactivity 
of SeP was enhanced in the thickened media of 
pulmonary arteries (PA) in PAH. Serum SeP levels were 
also elevated in PAH (n=192) compared with controls 
(n=21) and high serum SeP predicted poor outcome. 
Five genetically modified mouse strains revealed 

that SeP in PASMCs contributed to the development 
of hypoxia-induced PH. Mechanistic experiments 
demonstrated that SeP promotes PASMCs proliferation 
through increased oxidative stress and mitochondrial 
dysfunction, which were associated with activated HIF-1α 
and dysregulated glutathione metabolism. Finally, the 
high-throughput screening identified that sanguinarine, 
a plant alkaloid with anti-proliferative effects, reduced 
SeP expression and proliferation of PAH-PASMCs and 
ameliorated PH including right ventricular function and 
exercise capacity both in mice and rats.
These results indicate that SeP promotes the 
development of PH, suggesting that it is a novel 
therapeutic target of the disorder.
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ALTERED BMP SIGNALING BY ENDOTHELIN-1 TO ACCELERATE PROLIFERATION OF SMOOTH MUSCLE CELLS
Maruyama Hidekazu*[2], Sakai Satoshi[1], Aonuma Kazutaka[1]

[1]University of Tsukuba ~ Tsukuba ~ Japan, [2]Moriya Daiichi General Hospital ~ Moriya ~ Japan

Because of mutations in BMPR2 in patients with pulmonary arterial hypertension (PAH), 
impaired BMP signaling is considered to contribute to the pathogenesis. The low 
penetrance (<20%) in familial PAH, however, suggests the existence of second hits. 
BMP stimulation induces several distinct pathways; the canonical pathway including 
phosphorylation of SMAD1/5/8 leading to ID1 induction, and the noncanonical pathway 
activating p38MAPK. ID1 is shown to have an antiproliferative effect on pulmonary artery 
smooth muscle cells (PASMCs). Abundant expression of ET-1 and activated p38MAPK 
are observed in vessels of PAH.
To assess the effect of endothelin-1 (ET-1) on BMP signaling and cell proliferation.
We stimulated PASMCs by BMP2 (10 ng/mL) with or without ET-1 (100 nM) pretreatment 
in vitro. FK506 treatment (100 ng/mL), which is reported to rescue ID1 expression, 
was added to them. Quantitative PCR was performed to quantify mRNA expressions 

including cyclin D1, MSK1 (induced via noncanonical pathway), ID1 (induced via 
canonical pathway). Cell proliferation was assessed by CCK8 cell proliferation assay kit.
BMP2 induced ID1 expression in PASMCs with or without ET-1 pretreatment. FK506 
additively augmented ID1 expression. Although BMP2 alone did not affect cyclin D1 
or MSK1 expressions, BMP2 with ET-1 pretreatment significantly increased cyclin D1 
and MSK1 expressions. Similar reaction was observed in expression of MCM6, a DNA 
helicase induced as a downstream of cyclin D1. Although BMP2 alone did not affect 
the proliferation of PASMCs, combination of BMP2 with ET-1 pretreatment significantly 
accelerated it. Additional FK506 treatment did not suppress the proliferation.
ET-1 exposure in pathological condition alters BMP signaling in PASMCs, which involves 
p38MAPK activation via the noncanonical pathway. That results in cell proliferation 
regardless of ID1 induction, and potentially in consequent pulmonary artery remodeling.
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SMOOTH MUSCLE PRIMES ENDOTHELIUM FOR REGENERATION BY LINKING METABOLISM TO EPIGENETICS
Miyagawa Kazuya*, Shi Minyi, Chen Pin--I, Hennigs Jan, Zhao Zhixin, Wang Mouer, Li Caiyun, Saito Toshie, Taylor Shalina, Sa Silin, Cao Aiqin, Wang Lingli, Snyder Michael, Rabinovitch Marlene
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Maintaining endothelial cells (EC) as a monolayer in the vessel wall depends on their 
gene expression profile and metabolic state, features influenced by contact with 
neighboring cells such as pericytes and smooth muscle cells (SMC). How these programs 
are coordinated to determine EC function is, however, largely unknown. 

We investigated the nature and functional importance of contact-dependent 
communication between SMC and EC in coordinating EC metabolism through 
chromatin remodeling and gene regulation, based on the hypothesis that the 
communication is dependent on bone morphogenetic protein receptor 2 (BMPR2).  

EC and SMC were isolated from lungs of PAH patients with a BMPR2 mutation or from 
unused donor lungs. The cells were seeded on opposite sides of 1μm-pore cell culture 
inserts and compared to EC grown with SMC in the same chambers without contact, or 
to EC in monoculture. Re-endothelization in carotid artery injured EC-SMC Bmpr2+/- 
mice were analyzed to extend findings to in vivo. 

We show that in EC cultured in contact with SMC, BMPR2 mediates production of collagen 
IV that compartmentalizes p-JNK, stabilizing presenilin1 and activating Notch1. Notch1 
activation maintains the EC proliferative capacity by increasing mitochondrial mass and 
inducing phosphofructokinase PFKFB3. This enzyme is required for citrate-dependent 
histone acetylation at enhancer sites of genes regulated by the acetyl transferase p300, 
including Notch1 and its target MYC, which are necessary for EC proliferation. In vivo, we 
show that regeneration of carotid artery EC following injury is impaired in EC-SMC Bmpr2+/- 
mice, and rescued by activating Notch1 in EC. Deletion of EC-Notch1 in mice worsens 
hypoxia-induced loss of pre-capillary arteries and pulmonary hypertension (Figure).
SMC-EC contact is required for BMPR2 activation of Notch1, that coordinates 
metabolism with chromatin remodeling of genes, enabling EC regeneration and 
maintaining vessel integrity in response to injury.
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COMPARATIVE PHYSIOLOGICAL EVALUATION OF THE STATUS OF PULMONARY HEALTH IN YOUNG SMOKERS AND NON-
SMOKERS 
Mokina Natalia*, Pyatin Vasily, Mokin Egor
Samara State Medical University ~ Samara ~ Russian Federation

For adolescents and young people, the components of tobacco smoke have the most 
detrimental effect, as their organs and systems are not yet fully formed, and even in the 
absence of any clinical manifestations, smoking in all cases leads to a gradual decrease 
in lung function. Therefore, the issues of early detection and various types of prevention 
of diseases of the bronchopulmonary system, associated with the effects of tobacco are 
becoming increasingly relevant and attract the interest of scientists all over the world.
Tha aim of the research is to lead the comparative physiological evaluation of the status 
of pulmonary health in young smokers and non-smokers, to more precise the early 
predictors of early pulmonary disturbances in smokers.
In this cohort study, young people   aged 15- 21 years (15,97±0,12) were  divided  into 
two  groups: 32 pers. - nonsmokers and 31 pers.- smokers. We analysed the following 
parameters: demographics, spirometry (FEV1, FVC, PEF, MEF), acoustic analysis (both 
electronic stethoscope  and acoustic digital patterns), exhaled gas analysis (COex,  

FeNOx, Partial peripheral O2 tension),  CAT - questionnaire for COPD, and specific 
questionnaires for smokers (Fagerstrem-test, the number of the smoked cigarettes 
per day, number of years of smoking, the index of the smoke, motivation for continue/
quitter). 
FEV1, FVC, PEF were higher among non-smokers along with the “lung age” - higher than 
physiological age in the group of smokers/ It was also observed in smokers - slightly 
worse peripheral oxygenation. A more pronounced amplitude of the respiratory noise 
was also in smokers, and the results of a CAT-test, in  smokers presented early signs of 
COPD (coughing, expectoration, pulmonary dyspnoea), p<0.05.
Thus, it was revealed early signs of COPD, in a group of smokers that shows the need for 
an early beginning of prevention programs of smoking cessation in the cohort as fast as 
possible.
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SCREENING OF AUTOANTIBODIES IN PATIENT WITH CHIRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION AND 
ITS VALIDATION IN PATIENT WITH PULMONARY HYPERTENSION
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Circulating autoantibodies have been detected in patients with cardiovascular diseases. 
However, it has not been studied in the context of chronic thromboembolic pulmonary 
hypertension (CTEPH) and other pulmonary hypertension (PH) so far. 
We aimed to investigate whether the CTEPH and other PH patients produce specific 
autoantibodies.
Subjects: We collected serum samples from patients diagnosed with PH in Chiba 
University Hospital between 2001 and 2015.  
ProtoArray Human Protein Microarrays:   
Immune response biomarker profiling for autoantibody detection was performed with 
10 serum samples (5 samples each from the healthy donors (HDs) and CTEPH groups). 
The reactivity of the antibodies against the proteins on ProtoArray human protein 
microarrays, which contain 9,375 protein antigens, was investigated. Pair-wise analysis 
was performed.  
 
AlphaLISA Assay: The titers of the autoantibodies picked-up by ProtoArray analysis were 
examined in serum samples from 96 patients with CTEPH, 76 patients with other PH, 
and 96 HDs by using an amplified luminescence proximity homogenous assay-linked 
immunosorbent assay (AlphaLISA).  

We picked-up 63 autoantibodies in CTEPH patients based on ProtoArray analysis. By 
measuring the titers of these autoantibodies using AlphaLISA, we found that the patients 
with CTEPH had high titers of antibodies against exonuclease 3’–5’ domain-containing 
2 (EXDL2) and phosphorylated adaptor for RNA export (PHAX). The patients with IPAH/
HPAH and CTD-PAH also had high titers of these antibodies. 
Patients with CTEPH, IPAH/HPAH, and CTD-PAH had high titers for autoantibodies 
to EXDL2 and PHAX. These proteins are reported to be involved in DNA repair and 

transportation of snRNA/snoRNA, respectively. PH-induced DNA damages followed 
by activation of DNA repair system might account for the overexpression of antigens 
and the resultant development of autoantibodies. Further investigation might provide 
information on the etiology of PH.
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PULMONARY VASCULAR REMODELING PATTERNS AND EXPRESSION OF GCN2 IN PULMONARY VENO-OCCLUSIVE 
DISEASE
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Heritable pulmonary veno-occlusive disease (PVOD) is linked to mutations in the 
Eukaryotic Initiation Factor 2 Alpha Kinase 4 (EIF2AK4) gene, leading to a loss of General 
Control Nonderepressible 2 (GCN2). The role of GCN2 expression in the pulmonary 
vasculature of PVOD still remains unknown. 
We sought to identify specific histological and biological features in heritable PVOD. 
Lung histology of 24 PVOD patients (12 EIF2AK4 mutation-carriers, 12 non-carriers)were 
submitted to systematic analysis and morphometry. GCN2 expression was measured 
in the 24 PVOD, 44 pulmonary arterial hypertension (PAH) (21 Bone Morphogenetic 
Protein Receptor Type II (BMPR2) mutation carriers, 23 non-carriers), 12 control patients 
and 3 pulmonary hypertension animal models of monocrotaline, mitomycin and 
cyclophosphamide exposed rats. 
PVOD-patients showed significant decrease of pulmonary arterial patency (p<0.0001)  
compared to controls. Histology of EIF2AK4 mutation carriers was distinctive from 

non-carriers regarding: a) arterial remodeling with significant more severe intimal 
fibrosis (p=0.001) and less severe medial hypertrophy (p=0.001); b) stronger muscular 
hyperplasia of interlobular septal veins (p=0.002). GCN2-expression was abolished in 
heritable PVOD (p<0.0001), but also importantly decreased in sporadic PVOD (p=0.03), 
as well in heritable (p=0.002) and idiopathic PAH (p=0.003); moreover, GCN2 was 
abolished in 2 and importantly decreased in 1 animal model (all models p<0.0001).
The importance of pulmonary arterial remodeling in PVOD  and the observed decrease 
of GCN2 expression in all tested groups of PVOD and PAH, including their respective 
experimental models, suggest that GCN2 might be a predisposing factor for the 
development of pulmonary vascular disease in PAH and PVOD. This underlining specific 
morphological and biological similarities between PAH and PVOD, that may help 
perceiving both conditions within one large spectrum of disease instead of two distinct 
entities.
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WIDE COMPARATIVE STUDY ON ANTIPROLIFERATIVE VS VASODILATOR EFFECTS OF DRUGS USED FOR PULMONARY 
HYPERTENSION IN RAT AND HUMAN ARTERIES
Perez--Vizcaino Francisco*[1], Morales--Cano Daniel[1], Barreira Bianca[2], Moreno Laura[2], Barbera Joan A[2], Cogolludo Angel[1]
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Current therapies for Pulmonary Hypertension (PH) suffer from several important 
limitations: 1) Poor pulmonary selectivity, 2) Modest vasodilator efficacy, 3) Ventilation/
perfusion (V/Q) mismatch and 4) Inability to prevent the progression of the disease. 

The general aim of this work was to carry out a wide comparative study of the vasodilator 
and antiproliferative effects in vitro of 27 drugs used or potentially useful for PH in 
pulmonary arteries (PA) and mesenteric arteries and pulmonary artery smooth muscle 
cells (PASMC) from rat and human. 
Vasodilator responses were evaluated in a wire myograph. Antiproliferative effects were 
studied in primary cultures of PASMC isolated from patients and rats using the MTT and 
BrdU incorporation assays. A cocktail of vasoactive factors involved in PH (endothelin-1, 
serotonin, and the TXA2 mimetic U46619) was chosen as contractile and proliferative 
stimulus.
The drugs studied showed low pulmonary selectivity, being equally or more effective as 

vasodilators in systemic than in pulmonary arteries. Furthermore, they showed no oxygen 
selectivity, being equally or more effective as vasodilators under conditions of low 
oxygen as compared to high oxygen levels. 
The drugs targeting cyclic nucleotides (PDE5 inhibitors, sGC stimulators, the adenylate 
cyclase activator forskolin and the prostacyclin analogue teprostinil), hydroxyfasudil, 
levosimendan and pinacidil showed stronger vasodilator than antiproliferative effects. 
Nifedipine, retigabine, quercetin and imatinib produced similar vasodilator and 
antiproliferative effects. Finally, rosiglitazone produced preferential antiproliferative 
effects.  

Current drugs used in PH differ substantially from an ideal drug. They exert mainly 
vasodilator rather than antiproliferative effects in vitro, show poor pulmonary selectivity 
and they are equally or more effective under hypoxia than under high oxygen levels.
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GUT-LUNG CONNECTION IN PULMONARY ARTERIAL HYPERTENSION
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There is mounting evidence for overactivation of immune system in the pathogenesis of 
pulmonary arterial hypertension (PAH). However, the trigger of this inflammation remains 
to be determined. We hypothesized that bacterial translocation (BT) from the gut could 
trigger pulmonary and systemic inflammation, then pulmonary vascular remodeling.
Our aim was to demonstrate that BT occurs both in human and experimental PAH.
We measured the serum level of soluble CD14 (sCD14), a marker of macrophage 
activation shown to highly correlate with lipopolysaccharide (LPS) levels, a bacterial 
compound that initiates strong inflammatory response, in 22 healthy controls, 27 
idiopathic PAH (iPAH) and 20 heritable PAH (hPAH) patients carrying a BMPR2 mutation. 
We monitored LPS level in the serum of untreated and treated PAH patients to evaluate 
its relationship with cardiovascular impairment. We investigated BT in a rat model of PH 

induced by monocrotaline (MCT-PH rats). Intestinal permeability and BT were assessed 
by gastric gavage of FITC-dextran (4 KDa), LPS and sCD14 titration.
We found a significant increase in sCD14 in iPAH and hPAH groups as compared to 
healthy controls, supporting that both BT and macrophage activation occur in PAH. 
Interestingly, more severe cardiopulmonary functional impairment was associated with 
higher bacterial (LPS) translocation and its improvement with PAH therapy associated 
with LPS decrease. MCT-PH rats with severe PH exhibited concomitant intestinal leakiness 
as demonstrated by significant increase in FITC fluorescence in MCT-PH venous blood, 
and bacterial translocation demonstrated by increased of both LPS and sCD14 blood 
levels.
Our data indicate that BT occurs in PAH and might be involved in its pathogenesis.
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DASATINIB INCREASES ENDOTHELIAL PERMEABILITY LEADING TO PLEURAL EFFUSION 
Phan Carole*[1], Jutant Etienne--Marie[1], Tu Ly[1], Thuillet Raphael[1], Seferian Andrei[1], Montani David[1], Huertas Alice[1], Van  Bezu Jan[2], Breijer Fabian[2], Vonk  Noordegraaf Anton[3], Humbert Marc[1], 
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Pleural effusion is a frequent side effect of dasatinib, a second generation BCR-ABL 
tyrosine kinase inhibitor (TKI) used in the treatment of chronic myelogenous leukaemia 
(CML). However, the underlying mechanisms remain unknown.
To demonstrate that dasatinib alters endothelial integrity, resulting in increased 
pulmonary vascular endothelial permeability and subsequent pleural effusion.
We established the first animal model of dasatinib-related pleural effusion, by treating 
rats with a daily regimen of high doses of dasatinib (10mg/kg/day for 8 weeks). In vitro, 
we used human pulmonary endothelial cells and HUVECs.
Pleural ultrasonography revealed that rats chronically treated with dasatinib developed 
pleural effusion after 5 weeks. Consistent with these in vivo observations, dasatinib led 

to a rapid and reversible increase in paracellular permeability of human pulmonary 
endothelial cell monolayers as reflected by increased macromolecule passage, loss of 
VE-cadherin and ZO-1 from cell-cell junctions, and development of actin stress fibers. 
These results were replicated using HUVECs and confirmed by decreased endothelial 
resistance. Interestingly, we demonstrated that this increased endothelial permeability 
is a reactive oxygen species (ROS) dependent mechanism in vitro and in vivo using a 
cotreatment with an anti-oxydant agent, N-acetyl cysteine (NAC).
This study shows that dasatinib alters pulmonary endothelial permeability in a ROS-
dependent manner in vitro and in vivo leading to pleural effusion.
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SHOULD WE CONSIDER PIRFENIDONE IN THE TREATMENT OF PULMONARY ARTERIAL HYPERTENSION?
Poble Paul--Benoit*, Ghigna Maria Rosa, Carole Phan, Ly Tu, Jennifer Bordenave, Amélie Cumont, Raphaël Thuillet, Alice Huertas, Marc Humbert, Peter Dorfmüller, Christophe Guignabert
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Pulmonary arterial hypertension (PAH) is a severe cardiopulmonary disorder 
characterized by a progressive vascular remodeling of distal pulmonary arteries with 
accumulation of vascular cells, endothelial dysfunction, and perivascular inflammation. 
Pirfenidone (PFD) is an orally available pyridone derivative with anti-fibrotic and anti-
inflammatory properties approved for the treatment of idiopathic pulmonary fibrosis.
We hypothesized that PFD could regress the pulmonary vascular remodeling associated 
to PAH and reverse the disease in the Sugen/Hypoxia rat model (SuHx). 
We evaluated pulmonary hemodynamics, vascular remodeling, the proliferation 
level of vascular cells and the perivascular accumulation of extracellular matrix (ECM) 
components in young adult Wistar rats treated for 21 days with PFD (30mg/kg/day t.i.d. 
by oral gavage) or vehicle. 
PFD partially reverses established pulmonary hypertension (PH) in SuHx rats as 

reflected by significant decrease in pulmonary vascular resistance, reduction of the wall 
thickening in pulmonary arterioles and improvement in cardiac output and right ventricle 
remodeling. Decreased PA-SMC proliferation and extracellular matrix (ECM) deposition 
with a reduction in oxidative stress appeared as the main protective effects of PFD 
against the pulmonary vascular remodeling in SuHx rats, as reflected by the decreased 
collagen deposition and PCNA labeling of pulmonary vessels. These in situ observations 
were replicated in vitro, with cultured pulmonary arterial smooth muscle cells (PA-SMCs) 
from patients idiopathic PAH exhibiting a dose-dependent decrease of cell proliferation 
and collagen production when exposed to PFD compared with vehicle-treated cells.
Our results support that PFD could be an interesting agent for investigation in patients 
with PAH. 
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LUNG CANCER–ASSOCIATED PULMONARY HYPERTENSION: ROLE OF MICROENVIRONMENTAL INFLAMMATION BASED 
ON TUMOR CELL-IMMUNE CELL CROSSTALK
Pullamsetti Soni*[1], Savai Rajkumar[1], Kojonazarov Baktybek[2], Storn Samantha[1], Gall Henning[2], Salazar Ylia[1], Wolf Janine[3], Weigert Andreas[4], El--Nikhely Nefertiti[1], Ghofrani Ardeschir[2], Krombach 
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Dyspnea is a frequent, devastating, and poorly understood symptom of advanced lung 
cancer. The increased prevalence of cardiovascular and pulmonary comorbidities, is 
thought to contribute to the dyspnea and to impact the survival rate. However, the onset 
of pulmonary hypertension (PH) in the context of lung cancer is understudied.
To present evidence from clinical and histological evaluation of cancer-bearing human 
lungs that vascular remodeling and PH frequently occur in lung cancer patients.  
 
To reproduce PH development in different mouse models of lung cancer with different 
kinetics of tumor formation, and study underlying molecularmechanisms. 
..
Of 519 patients who underwent computed tomography scan for the diagnosis of lung 
cancer, 250 had a mean pulmonary artery diameter of >28 mm, indicating pulmonary 
hypertension (PH). In human lung cancer tissue, increased vascular remodeling and 
perivascular inflammatory cell accumulation (macrophages/lymphocytes) were 

consistently observed. Vascular remodeling, PH, and perivascular inflammatory cell 
accumulation were mimicked in three mouse models of lung cancer (LLC1, KRasLA2, and 
cRaf-BxB). Interestingly, NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ immune-deficient xenograft 
and dominant negative IKK2 mutant triple transgenic (Sftpc-rtTA/Tet-O-IKK2DN) 
mice did not develop PH. Co-culturing human lung cancer cells with macrophages/ 
lymphocytes strongly upregulated cytokine release, provoking enhanced migration, 
apoptosis-resistance, and phosphodiesterase 5 (PDE5)-mediated upregulation of human 
lung vascular cells, which are typical features of PH. The PDE5 inhibitor sildenafil largely 
suppressed PH in the LLC1 model. 
We conclude that lung cancer-associated PH represents a novel PH category. The 
recognition of this new PH category may contribute to understanding of exertional 
dyspnea encountered in lung cancer patients, which will become even more relevant as 
new individualized treatment concepts result in longer survival of patients.
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MITOMYCIN C INDUCES PULMONARY HYPERTENSION AND PATHOLOGIC SIGNS OF PULMONARY VASCULAR OCCLUSIVE 
DISEASE IN RABBITS
Quarck Rozenn*[1], Wagenaar Allard[2], Tielemans Birger[2], Hautefort Aurélie[3], Belge Catharina[1], Antigny Fabrice[3], Montani David[3], Delcroix Marion[1], Perros Frédéric[3]
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Alkylating agents such as cyclophosphamide can induce pulmonary veno-occlusive 
disease (PVOD) in rodents and human. Another alkylating agent, mitomycin (MMC), 
used to treat anal and rectal cancer, can induce PVOD in rats; cases of PVOD have been 
reported in human after treatment with MMC.
We hypothesized that MMC can induce pulmonary hypertension and remodeling 
of pulmonary vessels in animal species with pulmonary morphology closer to that of 
human than rodents. The aim of the study was to investigate the effects of MMC on 
pulmonary hemodynamics and vessel remodeling in rabbits.
Female rabbits received intraperitoneal injection of MMC (n=19) or saline (n=5) twice 
at one-week interval in the presence or in the absence of an antiemetic (maropitant 
or metoclopramide). Animals underwent right heart catheterization 5 weeks after 
the second injection, and lung and heart tissue were collected. Fulton index was 
calculated to evaluate right ventricular hypertrophy. Trichrome-Masson staining and 

immunohistochemistry using anti-α-smooth muscle actin antibodies were performed on 
pulmonary tissue sections.
The use of antiemetic reduced the mortality rate from 64% to 25%. Right heart 
catheterization was performed in 8 animals and, lungs and heart were collected from 11 
animals. MMC induced a 2.5-fold increase in mean pulmonary arterial pressure (mPAP), 
compared to controls animals. mPAP was significantly correlated with Fulton index in 
MMC-treated animals (r=0.71, p=0.009). MMC significantly induced neointima formation 
and media thickening in non- and partially muscularized pulmonary arteries, respectively. 
Interestingly, fibrosis of pulmonary veins and infiltration of inflammatory cells within 
pulmonary arteries were found in MMC-treated animals.
To conclude, MMC-treated female rabbits developed pulmonary hypertension 
characterized by an elevated mPAP and distal arteriopathy, and pathological signs of 
PVOD, suggesting that this animal model could serve as model of PVOD.
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TRICHLOROETHYLENE-INDUCED PERMEABILITY OF THE PULMONARY VASCULAR ENDOTHELIUM : A ROLE IN THE 
DEVELOPMENT OF PULMONARY VENO-OCCLUSIVE DISEASE ? 
Riou Marianne*[1], Nakhleh Morad[2], Lecerf Florence[2], Humbert Marc[1], Montani David[1], Perros Frederic[2]
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Pulmonary veno-occlusive disease (PVOD) is a rare but extremely severe form of 
pulmonary hypertension (PH) which is characterized by predominant remodeling of 
pulmonary venules. In addition to heritable PVOD due to bi-allelic mutations in the 
eukaryotic translation initiation factor 2α kinase 4 (EIF2AK4) gene, sporadic forms in 
a context of occupational exposure to organic solvents have been described with 
trichloroethylene (TCE) being the main agent implicated.
Our aim was to characterize the pulmonary vascular effects of TCE.
Rats were exposed to TCE (intraperitoneal or intranasal administration). We characterized 
them at hemodynamic, histological and molecular levels after a follow-up of 5 weeks. In 
vitro experiments were performed to assess the role of TCE on endothelial permeability.
In rats, intraperitoneal (2000 mg/kg) or intranasal (1460 mg/kg) administration of 
TCE induced perivascular enlargement with fluid accumulation that affected all 
intrapulmonary vessels. Rats didn’t develop pulmonary hypertension but intranasal 

administration induced “PVOD-like” lesions affecting the 3 vascular compartments: 
smooth muscle cell hypertrophy in pulmonary arteries, remodeling of small pulmonary 
vessels associated with capillary neomuscularization and vasculitis of the pulmonary 
arteries and veins. In vitro, exposure of human microvascular endothelial cells to 
initial doses above 500 ppm TCE increased endothelial permeability. This effect was 
dose-dependent and transitory (reversibility after 7 hours) related to a fast and major 
evaporation of TCE in culture medium. One of the possible mechanisms is the tyrosine 
phosphorylation of VE-cadherin. The tyrosine kinase Src is probably implicated in this 
mechanism.
We demonstrated that TCE favors endothelial permeability. Our results suggest that 
chronic exposure to TCE could induce repeated endothelial injuries that may represent 
one of the mechanisms which lead to PVOD development.
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BLOCKADE OF ENDOTHELIN RECEPTOR TYPE B PROMOTE APOPTOSIS IN HUMAN PULMONARY ARTERIAL SMOOTH 
MUSCLE CELLS
Sakai Satoshi*, Maruyama Hidekazu, Kimura Taizo, Honda Junya, Otsu Kazuya, Homma Satoshi, Miyauchi Takashi, Aonuma Kazutaka
University of Tsukuba ~ Tsukuba ~ Japan

Vascular remodeling results from imbalance between cell proliferation and death, 
which is seen in the obstructive vasculature of pulmonary arterial hypertension (PAH). 
Endothelin (ET)-1 has a potent proliferative activity on vascular smooth muscle cells, 
and ET receptor antagonists are used to treat PAH to inhibit the pulmonary vascular 
remodeling; however, it remains unclear whether ET receptor blockade contributes 
to the apoptosis of pulmonary arterial smooth muscle cells (PASMCs), another aspect 
involved in pulmonary vascular remodeling. 

To investigate whether the inhibitory effect of ET receptor antagonists on pulmonary 
vascular remodeling is achieved through the promotion of cell death in addition to the 
blockade of ET-1’s proliferation-promoting activity in PASMCs.
Cultured human PASMCs were treated with the ETA receptor antagonist BQ-123 (100 
mcM), or the ETB antagonist A-192621 (1~100 mcM) or BQ-788 (1~100 mcM) for 48 

hours. The cells were then incubated for another 24 hours with or without doxorubicin 
(DOX, 1 mcM), an anthracyclin antitumor antibiotic that promotes p53-mediated 
apoptosis. Cell viability and apoptosis were evaluated by MTT assays, caspase-3/7 
activity assays, and Western blots for cleaved caspase-3 expression.
The viability of PASMCs was significantly decreased by A-192621 and BQ-788, in a 
dose-dependent manner. A-192621 and BQ-788 significantly increased the caspase-3/7 
activity and cleaved caspase-3 expression in PASMCs. The PASMCs’ susceptibility to 
DOX-induced apoptosis was significantly higher in the presence of A-192621 and BQ-
788 than with vehicle. However, BQ-123 did not affect these parameters.
Blockade of the ETB receptor increases the extent of apoptosis and susceptibility to 
DOX-induced apoptosis in PASMCs. Apoptosis caused by ETB receptor blockade in 
PASMCs may be one of the mechanisms by which vascular remodeling is reduced in ET 
receptor inhibitor-based PAH treatments.
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SHEAR-MEDIATED ERYTHROCYTE NITRIC OXIDE PRODUCTION IS DIFFERENTIALLY REGULATED IN PATIENTS WITH SICKLE 
CELL DISEASE  
Szmuszkovicz Jacqueline*, Suriany Silvie, Ponce Derek, Detterich Jon
Children’s Hospital Los Angeles ~ Los Angeles ~ United States of America

Sickle cell disease (SCD) is an inherited hemoglobinopathy in which hemoglobin 
polymerizes when deoxygenated, causing increased red blood cell (RBC) stiffness and 
sickling.  Nitric oxide (NO) is a potent vasodilator and key regulator of vascular smooth 
muscle tone.  Modulation of RBC NO production due to deformation of RBC by shear 
stress could have important physiological consequences in SCD. 
The objective of our study is to determine if shear stress induced deformation induces 
change in NO production in  RBC and if this differs between patients (pts) with SCD and 
healthy subjects.  
NO production was measured using imaging microscopy of fluorescently (DAF-FM DA) 
labeled RBC exposed to shear, with and without nitric oxide synthase inhibitor L-NAME.  
Four SCD pts on simple chronic transfusion therapy (TN), 4 SCD pts not on TN and 4 
healthy subjects were recruited under an IRB approved protocol.  
There is a slow baseline rise of NO fluorescent signal without exposure to shear and 
there is a large, acute increase in NO signal with exposure to shear stress (figure).  The 
basal rate of rise is increased in non-transfused SCD pts (p<0.0001) compared to both 
SCD on TN and healthy subjects. In all groups, we found a significant increase in NO 
response to shear.  SCD on TN had a higher rate of change and higher magnitude NO 
response to shear.  Basal NO production was blunted with the addition of L-NAME 
in all groups.  There was no significant change in shear-mediated NO response after 
L-NAME.  The results indicate that RBC produce NO upon shear and the basal rate of NO 
production is higher in non-transfused SCD pts.  SCD pts on TN demonstrate a larger 
increase in NO response to shear.  L-NAME blockade does not significantly blunt the 
response to shear induced RBC NO production but it does blunt basal NO production.
There is basal and shear dependent NO production in both healthy and SCD RBC, but 
RBC NO production is differentially regulated in SCD patients. 
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THE SIX-TRANSMEMBRANE PROTEIN STAMP2 PROTECTS FROM PULMONARY HYPERTENSION VIA ACTIONS IN 
MONONUCLEAR CELLS
Ten  Freyhaus Henrik*, Batool Mahreen, Berghausen Eva, Vantler Marius, Rosenkranz Stephan
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Stamp2 is an anti-inflammatory protein and protects from atherosclerosis in mice. 
Inflammatory processes are critical in PH.
To assess the role of Stamp2 in PH.
Hypoxia (21 days, mice) and MCT or sugen/hypoxia (rats) were used to induce PH. 
Analyses comprised right ventricular systolic pressure (RVSP) measurements (Millar 
catheter), morphometry, immunohistochemistry, western blot, qPCR, ELISA (serum 
cytokines). Thioglycollate-elicited peritoneal macrophages and pulmonary arterial 
smooth muscle cells (PASMC) were isolated from mice. siRNA was applied in human 
microvascular endothelial cells (EC). Proliferation (BrdU incorporation), chemotaxis 
(Boyden chamber), apoptosis (ELISA), viability (MTT release) were assessed.
Stamp2-/--mice exhibited significantly aggravated hypoxia-induced pulmonary vascular 
remodeling and PH vs. wild-type (WT). As EC and PASMC showed high Stamp2 
expression, we suspected protective effects in these cells. However, Stamp2 knock-down 
in EC did not affect viability, apoptosis, inflammatory cytokine expression. Furthermore, 

Stamp2-/- PASMC behaved similarly as WT with respect to proliferation/chemotaxis. 
The CD68-positive cell count was substantially increased in the lung of Stamp2-/- mice 
under hypoxia, as were expression of IL6, IL1b, MCP1, endothelin (ET) 1 and serum 
concentrations of ET1 and IL6. To assess the role of macrophages in vascular remodeling 
in our model, supernatants from Stamp2-/- and WT peritoneal macrophages were 
used to induce PASMC proliferation/chemotaxis. Only supernatants from Stamp2-/- 
macrophages induced these responses as strongly as IL6. Importantly, pulmonary 
Stamp2 expression was lower in human IPAH, as well as in experimental PH in rats and 
mice.
Stamp2 protects from hypoxia-induced PH and Stamp2’s anti-inflammatory actions in 
macrophages are critical for suppression of pulmonary vascular remodeling. Reduced 
expression in human and experimental PH suggests that loss of protective Stamp2 is a 
critical event in PH.
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PHENOTYPING OF PULMONARY ARTERIAL ENDOTHELIAL CELLS ISOLATED FROM PATIENTS WITH IDIOPATHIC 
PULMONARY ARTERIAL HYPERTENSION AT DIAGNOSIS
Tielemans Birger*[1], Wagenaar Allard[1], Leys Mathias[2], Belge Catharina[2], Delcroix Marion[2], Quarck Rozenn[1]
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Pulmonary arterial hypertension (PAH) is a devastating disease characterized by the 
progressive occlusion of the pre-capillary pulmonary arteries, resulting in right heart 
failure and death. Endothelial cells are key actors in the pulmonary vascular remodeling 
involved in the initiation and progression of the disease. However, access to pulmonary 
arterial endothelial cells (PAECs) from PAH patients is very limited and only possible 
through lung transplantation from patients at advanced stages and under therapy. 
Our aim was to optimize the isolation of PAECs from Swan-Ganz (SG) catheters used to 
perform right heart catheterization (RHC), maintain PAECs in culture and to phenotype 
them.
PAECs were isolated from SG catheters collected after RHC and maintained in culture. 
Phenotyping PAECs was qualitatively performed by immunofluorescence using 
endothelial specific markers (CD31 and Von Willebrand factor (vWF)) and by measuring 

the uptake of fluorescently labeled acetylated low-density lipoprotein (DiI-Ac-LDL). 
Quantitative expression of CD31 at the surface of PAECs was evaluated by flow 
cytometry. 
We initially collected SG catheters from 53 patients at the time of RHC. PAECs from 18 
patients were isolated resulting in a success rate of 34%. PAECs expressed CD31 at their 
surface, displayed vWF in Weibel-Palade bodies and scavenged DiI-Ac-LDL. In addition, 
94.8±3.9% PAECs were expressing CD31 at their surface. 
We have been able to successfully isolate and phenotype PAECs isolated using SG 
catheters from patients with IPAH and without PH, indicating that the technique is 
feasible. Considering the current success rate (34%), the technique requires optimization, 
but offers a unique opportunity to obtain PAECs from patients with PAH at the time of 
diagnosis and opens innovative perspectives to evaluate individual tailored therapy. 
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BMPRII DRIVEN RESPONSE OF ENDOTHELIAL INTEGRITY AND ANGIOGENESIS IN HUMAN LUNG MICROVASCULAR 
ENDOTHELIAL CELLS
Tielemans Birger*[1], Gijsbers Rik[1], Michiels Annelies[1], Wagenaar Allard[1], Farré  Marti Richard[1], Belge Catharina[2], Delcroix Marion[2], Quarck Rozenn[1]
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Bone morphogenetic protein receptor II (BMPRII) signaling pathway is impaired in 
pulmonary arterial hypertension (PAH) and mutations in the BMPR2 gene have been 
observed both in heritable and idiopathic PAH. Endothelial dysfunction is a hallmark of 
PAH and plays an important role in the initiation and progression of the disease.
We hypothesize that impaired BMPRII signaling may have effects on endothelial function. 
We aim to investigate whether decreased BMPRII signaling could impair endothelial 
integrity and angiogenesis of pulmonary microvascular endothelial cells.
BMPR2 knockdown was performed in human lung microvascular endothelial 
cells (HLMVEC) using lentiviral vectors encoding microRNA-based knockdown 
hairpins against BMPR2. HLMVECs knocked-down for BMPR2 were phenotyped by 
immunofluorescence and flow cytometry using anti- CD31 and anti- von Willebrand 
factor (vWF) antibodies. BMPRII protein expression and activation of BMPRII downstream 
effectors, SMAD and p38MAPK, were investigated by Western blotting. Effects of 

BMPR2 knockdown on endothelial integrity using a permeability assay and angiogenic 
capacities were evaluated in vitro using migration and tube formation assay.
Stable BMPR2 knockdown had no effect on HLMVECs since i) 99.8% cells positively 
express CD31 at their surface, ii) vWF was expressed in Weibel-Palade bodies and iii) 
HLMVECs were able to scavenge Dil-Ac-LDL. BMPR2 knockdown in HLMVECs resulted 
in i) a 87% decrease in BMPRII protein expression; ii) a 50% decrease in SMAD protein 
activation and a 48% increase in p38 MAPK phosphorylation. Functionally it resulted in a 
24% significant increase in permeability and a 29% decrease in migration capacity and 
impaired 3D-angiogenesis in vitro.
Interestingly, stable BMPR2 knockdown in HLMVECs induced an impairment of 
downstream BMPRII signaling, endothelial integrity and angiogenic capacities 
highlighting the involvement of BMPRII in endothelial dysfunction in PAH and more 
distinctively in angiogenesis
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CONTRIBUTION OF BMP9 TO PULMONARY ARTERIAL HYPERTENSION: ROLE OF ENDOTHELIN-1
Tu Ly*[3], Sekine Ayumi[3], Mallet Christine[2], Bordenave Jennifer[3], Castan Agnès[2], Thuillet Raphael[3], Phan Carole[3], Poble Paul--Benoit[3], Feige Jean--Jacques[1], Huertas Alice[3], Humbert Marc[3], Bailly 
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Heterozygous germline mutations in the Bone Morphogenetic Protein Receptor type 2 
(BMPR2) gene have been identified as critical genetic factors predisposing to pulmonary 
arterial hypertension (PAH) development. At the endothelial cell surface, BMPRII forms 
heterocomplexes with its co-receptor activin receptor like kinase 1 (ALK1), which are 
bound by the ligand BMP9, a promising therapeutic target in PAH. Therefore, a better 
knowledge on the contribution of BMP9 and its signaling pathway to the pulmonary 
vascular remodeling is clearly needed.
To investigate the role of BMP9 in PAH progression
We used 3 experimental strategies. We evaluated hemodynamic data by right heart 
cathetelization and pulmonary-artery muscularization and cell proliferation. In adition, we 
performed real time PCR, western blotting and immunohistochemistry.
We have exposed Bmp9-KO mice, that are viable and fertile, to chronic hypoxia (CHx) 

and surprisingly found that they are less susceptible to develop pulmonary hypertension 
(PH), with significantly lower values in RVSP, right ventricular hypertrophy (RVH), assessed 
by the Fulton index and pulmonary-artery muscularization when compared with WT. 
Consistent with these findings, mice treated with an anti–BMP9 neutralizing antibody 
and rats treated with a soluble ALK1/extracellular domain (ECD) Fc-fusion protein were 
protected against the increase in RVSP, RVH and muscularization of pulmonary arteries 
induced by experimental PAH models. Interestingly, we found that Bmp9-KO mice have 
reduced endothelin-1 levels. 
Taken together, our data indicate that the loss of BMP9, by deletion or inhibition, protects 
rodents against the development of experimental PAH. These findings are apparently 
counter-intuitive and further studies are needed for a better understanding of BMP9 
signaling pathway in PAH.
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LONG NONCODING RNA TYKRIL PLAYS A ROLE IN PULMONARY HYPERTENSION BY CONTROLLING THE P53 MEDIATED 
REGULATION OF PDGFRß
Valasarajan Chanil*[1], Zehendner Christoph[2], Thal Serge[3], Werner Astrid[2], Boeckel Jes--Niels[2], Bischoff Florian[2], John David[2], Weirick Tyler[2], Glaser Simone[2], Rossbach Oliver[4], Jaé Nicolas[2], 
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Pulmonary hypertension (PH) is characterized by increased vascular remodeling. It well 
known that pulmonary arterial smooth muscles cells (PASMCs) plays an important role 
in vascular remodeling. From recent studies, it is understood that pericytes also plays 
a critical role in PH pathogenesis. In recent years, understanding the role of epigenetic 
regulators in disease pathogenesis has gained interest. The role of long non coding RNA 
(LncRNA), which functions as epigenetic regulators are still to be explored in the field of 
PH.
TYKRIL (Tyrosine kinase receptor inducing lncRNA),plays an important role in pulmonary 
hypertension.
Screening for Long non coding RNA from RNA seq data. Knocking down of TYKRIL 
using GapmeRs followed by functional assay in hPASMCs and pericytes. Screening 
using transcription factor activity array after knocking down TYKRIL.The interaction 
studies using RNA immunoprecipitation (RIP). Using individual-nucleotide resolution UV 
crosslinking and immunoprecipitation (iCLIP) and RIP using various p53 mutants to study 

the specific regions of binding. Using proximity assay to study effect of TYKRIL on p53 
and p300 interaction  
TYKRIL was found to be upregulated under hypoxic condition in both PASMCs and 
Pericytes. Knocking down TYKRIL resulted in reduced proliferation, migration and 
functionality of both PASMCs and Pericytes. TYKRIL knock down greatly affected the 
p53 activity. The expression of PDGFRbeta, a known downstream target of p53 and a 
key player in PH, was found to be strongly correlated to TYKRIL expression in the patient 
samples. The interaction of TYKRIL with p53 was studied using RNA immunoprecipitation 
(RIP). It demonstrated that the first exon of TYKRIL binds to the N-terminal of p53 (an 
important region for p300 interaction with p53).Overexpression of TYKRIL decreased the 
p53-p300 interaction.
TYKRIL was observed to be upregulated under PH condition and plays a key role in 
regulating PDGFRbeta expression by modulating the p53 activity.
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SEX HORMONE PROFILES PREDICT THE RISK AND SEVERITY OF DISEASE IN POST-MENOPAUSAL WOMEN WITH 
PULMONARY ARTERIAL HYPERTENSION
Ventetuolo Corey*[1], Baird Grayson[1], Barr R Graham[2], Bluemke David[3], Foderaro Andrew[1], Fritz Jason[4], Hill Nicholas[5], Klinger James[1], Lima Joao[6], Ouyang Pamela[6], Palevsky Harold[4], Palmisciano 
Amy[7], Pinder Diane[4], Preston Ioana[5], Walsh Thomas[7], Roberts Kari[5], Kawut Steven[4]
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We have shown that high estradiol [E2] and low dehydroepiandrosterone-sulfate 
[DHEA-S] levels are risk factors for PAH in men, but sex hormone profiles in women with 
PAH have not been characterized.
We performed a case-control study to determine whether E2 and DHEA-S levels are 
associated with the risk of PAH and clinical severity in post-menopausal women. 
We measured plasma E2 and DHEA-S in post-menopausal women with incident and 
prevalent PAH. Post-menopausal controls without clinical cardiovascular disease were 
matched 2:1 with cases by age (within 5 yrs) and BMI (within 3 kg/m2). 
A total of 112 post-menopausal women (median age 68 yrs, 87% white) with PAH were 
included. Most (58%) had connective tissue disease-associated PAH, 35% had idiopathic 
PAH, and 50% had functional class III or IV symptoms. After matching, 79 cases were 
compared to 151 controls. Every 10 Ln(pg/mL) increase in E2 levels increased the odds 
of PAH by 4% (95% CI 0 to 8%, p=0.04) while every 10 Ln(µg/dL) increase in DHEA-S 

levels reduced the odds of PAH by 25% (95% CI 13 to 37%, p<0.0001). In cases, each 1 
Ln(pg/mL) increase in E2 was associated with a 32 meter shorter 6MWD (95% CI -61 to 
-4 m, p=0.03) and a 2 mmHg increase in RAP (95% CI 0 to 3 mmHg, p=0.02). Conversely, 
each 1 Ln (µg/dL) increase in DHEA-S was associated with a 30 meter longer 6MWD 
(95% CI 7 to 54 m, p=0.01), a 2 mmHg lower RAP (95% CI -2 to -1, p=0.02), a 4 mmHg 
lower mean PAP (95% CI -5 to -2 mmHg, p<0.001), and a 1 Wood unit lower PVR (95% 
CI -2 to 0 Wood units, p<0.01). There was no correlation between DHEA-S and E2 levels 
and no significant interactions between E2 and DHEA-S levels and the risk of PAH nor 
clinical markers.  
Higher levels of E2 and lower levels of DHEA-S increase the risk of PAH in post-
menopausal women; this profile is associated with more severe PAH. E2 and DHEA-S 
appear to have a direct relationship with PAH risk in both men and post-menopausal 
women. 
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PLATELET FUNCTION ABNORMALITIES IN PULMONARY HYPERTENSION 
Vrigkou Eleni*, Tsangaris Iraklis, Tsantes Argyrios, Konstantonis Dimitrios, Pappas Athanasios, Frantzeskaki Frantzeska, Rizos Michalis, Orfanos Stylianos, Armaganidis Apostolos
Attikon University Hospital ~ Athens ~ Greece

Platelets are involved in the basic pathogenetic mechanisms of pulmonary hypertension, 
but their association with the different types of the disease remains unclear.
To assess platelet function in connective tissue disease related pulmonary arterial 
hypertension (CTD-PAH), idiopathic PAH (iPAH) and inoperable chronic thromboembolic 
pulmonary hypertension (CTEPH) before and after treatment initiation.
We studied 20 CTD-PAH, 10 iPAH and 20 CTEPH patients and 20 controls. Patients were 
reevaluated 5-9 months after therapy initiation. Platelet-Function Analyzer/PFA-100 
testing and ADP and epinephrine/Epi induced Light Transmission Aggregometry/LTA 
assay were performed on blood samples from pulmonary artery.
iPAH and CTEPH patients presented prolonged CT in PFA-100 compared to controls, 
before (p=0.002 and p=0.01) and after (p=0.001 and p=0.007) therapy initiation, in 
contrast to CTD-PAH. 30% of CTD-PAH patients demonstrated shortened pre- and 
post-treatment CT compared to controls, which was not observed in the other 2 groups. 

Epi-LTA values were reduced in pre-treatment CTD-PAH (p=0.02), iPAH (p<0.001) and 
CTEPH patients (p<0.001). All values improved after therapy (p=0.04, p=0.007 and 
p=0.005 respectively). ADP-LTA revealed declined pre-therapy aggregations in CTD-
PAH (p<0.001), iPAH (p<0.001) and CTEPH (p<0.001) patients, as well as disaggregation 
(p<0.001 in all 3 groups). After therapy, both indices improved in CTD-PAH (p=0.009 
and p=0.03), in contrast to CTEPH patients. In iPAH, only aggregation values improved 
significantly (p=0.005). When iPAH was compared to CTD-PAH and CTEPH patients, 
reduced ADP-LTA values were observed in pre- (p=0.02 and p=0.04) and post- (p=0.007 
and 0.04) therapy status, along with significant post-treatment disaggregation (p=0.003 
and p=0.04).
Amongst the 3 groups, iPAH presented the most significant alterations in ADP-LTA. After 
therapy initiation, EPI-LTA values improved in all patients. 
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RECEPTOR TYROSINE KINASE SIGNALING DRIVING “PSEUDO-MALIGNANT” LUNG VASCULAR REMODELING - 
THERAPEUTIC EXPLOITATION
Yerabolu Naga Dinesh Reddy*
Justus Liebig university Giessen ~ Giessen ~ Germany

Lung vascular remodeling is the hallmark of PAH and attributed to the increase of 
proliferation and resistance to apoptosis of pulmonary vascular cells. An effective strategy 
using potent small molecule inhibitors should therefore target those ligand induced 
receptor tyrosine kinases (RTK), and their downstream signaling pathways to interfere 
with cellular and structural alterations of the pulmonary vasculature.
1. Which key signaling pathways including kinases and phosphoproteins are involved in 
the structural remodeling process in pulmonary vascular and right ventricular cells from 
PH patients? 
2. What is the function of the identified kinases and phosphoproteins in the maintenance 
of the PH phenotype in vitro and in vivo?  

To identify kinases as new drug targets, a global kinome profiling assays were performed 
in PASMCs from PH patients. hPASMCs cell proliferation rate was measured by using 
BrdU incorporation assay. Protein expression was measured by western blot analysis.
Human IPAH patient derived PASMCs showed a higher kinase activity compared to 
healthy control PASMCs under basal media conditions. In addition to kinases already 
known to be involved in the PAH phenotype like PDGFRβ, novel promising candidates 
for selective inhibition were found. In vitro proliferation assays revealed anti-proliferative 
effects of Ruxolitinib by interfering with the altered JAK-Stat3 signaling pathway.
In IPAH patient derived PASMCs, aberrant kinase activity as well as evidence for its 
involvement in the pathobiology of PAH suggest that targeting RTKs would offer new 
therapeutic strategies.
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THE UNITED STATES PULMONARY HYPERTENSION SCIENTIFIC REGISTRY (USPHSR): DESIGN AND INITIAL BASELINE 
CHARACTERISTICS
Badesch David*[1], Frost Adaani[4], Austin Eric[2], Badlam Jessica[1], Benza Ray[5], Chung Wendy[6], Farber Harrison[7], Feldkircher Kathy[9], Nichols Bill[8], Poms Abby[10], Yu Chang[2], Elliott C Greg[3]
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Prior US registries have demonstrated changing demographics, increasing  female 
preponderance, and changing outcomes but have not included genomic data in 
analyses.
USPHSR is a multicenter observational and hypothesis driven study to: characterize the 
demographics and clinical course of newly diagnosed (diagnostic heart catheterization 
within 6 months of participation) WHO Group 1 pulmonary hypertension(PAH) 
prospectively enrolled and historic NIH PAH Biobank(NHLBIR24HL105333) patients 
consented and enrolled at USPHSR centers within in the last 5 years; assess the accuracy 
and precision of prediction tools in the current treatment era; identify factors responsible 
for the female preponderance; examine the interaction of environmental and genetic 
factors in the pathogenesis and clinical course of PAH.
Demographics, a hormone and environmental exposure questionnaire, and genetics 
from the NIH PAH Biobank(sequenced for 7 or 12 genes using an Illumina custom gene 

panel and genotyped for 4.5 million SNPS) will be obtained.
To date (August 30, 2017), 111 of a target 500 patients have been enrolled, of whom 
80% are female, and 9% FC I, 27% FC II, 52% FC III, 12% FC IV. Roughly half of the 
patients have idiopathic PAH (IPAH). The overall median 6-minute walk distance (6 MWD) 
is 331 m. Of the 46 patients with APAH, 33 have connective tissue disease (CTD), 4 
portopulmonary hypertension, 3 congenital heart disease, and 6 are uncharacterized.
Patients enrolled to date in the USPHSR are predominantly female (F:M::4:1). Hormonal 
and environmental exposure information and extensive genomic characterization will 
allow analysis of the interactions between gender, hormones, environment, and genetics. 
Better understanding of the mechanisms underlying the female predominance in 
PAH may enable development of novel strategies for disease prevention and targeted 
treatment.
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DISCOVERY OF VASCULAR CELL-SPECIFIC EPIGENOMIC SIGNATURES, NOVEL TRANSCRIPTION FACTORS AND  SIGNALING 
NETWORKS IN HUMAN PULMONARY ARTERIAL HYPERTENSION
Chelladurai Prakash*[1], Künne Carsten[1], Weber Christine[2], Nötzold René Reiner[2], Schmoranzer Mario[1], Looso Mario[1], Bauer Uta--Maria[2], Seeger Werner[1], Pullamsetti Soni Savai[1]
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Evidence of epigenome-wide alterations that facilitates normal vascular cells to acquire 
and exhibit pro-proliferative, apoptotic-resistant, pro-inflammatory phenotypes in 
pulmonary arterial hypertension (PAH) remains unexplored at a genome-wide scale.
1)Profile vascular cell-specific epigenomic alterations, 2)Perform integromic analysis, 3)
Identify novel transcription factor networks, 4)Therapeutic evaluation.
We employed next-generation sequencing(NGS) to profile chromatin 
modifications(ChIP-seq), transcriptome(RNA-seq) and DNA methylation(Illumina arrays), 
in ex vivo isolated pulmonary artery adventitial fibroblasts(PAAF) from human donors 
and idiopathic PAH (IPAH). Epigenetic intervention was done with small molecule 
modulators ex vivo and in vivo. 

Cell-specific transcriptome & methylome profiling revealed differential expression 
of 2069 genes (2-fold) and 35613 differentially methylated CpG sites in IPAH-
PAAFs. To profile alterations in chromatin signatures, we performed ChIP-seq 

for histone modifications associated with euchromatin(H3K9/14ac, H3K4me3), 
heterochromatin(H3K27me3, H3K9me3) and enhancers(H3K27ac, H3K4me1). 
Integrative genomic analysis revealed strong correlation between altered chromatin 
signatures and transcriptome, which correlated with aberrant protein expression 
of chromatin modifying enzymes. KEGG analysis of epigenetic signatures revealed 
association with ABC transporters, cGMP-PKG, NFκB, TGFβ and cancer pathways. Novel 
pro-proliferative and pro-inflammatory transcription factor families (ETS, SOX, ID, HES, 
GLI, GATA, REL) were deregulated in PAH. Aberrant epigenetic signatures in PAH were 
reversed by targeting chromatin modifying enzymes.
Integromic analysis of vascular cell-specific epigenomics data confirmed genome-
scale alterations in chromatin landscape and DNA accessibility leading to aberrant 
transcriptional responses in PAH. This genome-wide study discovered novel signaling 
networks and potential targets for therapeutic intervention.
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PREVALENCE AND CLINICAL FEATURES OF BONE MORPHOGENETIC PROTEIN RECEPTOR TYPE 2 MUTATION IN KOREAN 
IDIOPATHIC PULMONARY ARTERIAL HYPERTENSION PATIENTS
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Pulmonary hypertension is a chronic and progressive disease that is life-threatening if 
untreated. Mutations on the bone morphogenetic protein receptor type 2 (BMPR2) gene 
have been identified in a subset of patients with IPAH and the patients with the mutation 
showed relatively poor prognosis in comparison with non-carriers.
We screened BMPR2 mutations in Korean IPAH patients and analyzed their clinical 
outcomes for the first time.
We enrolled 73 unrelated Korean IPAH patients and 7 heritable pulmonary arterial 
hypertension (PAH) families from March 2010 to November 2015 over 11 hospitals 
nationwide. BMPR2 mutations were screened by direct sequencing whole exons and 
their flanking intronic regions. We examined the prevalence of BMPR2 mutations and 
compared clinical outcomes between mutation carriers and non-carriers.
Among 73 idiopathic PAH patients, 16 patients had BMPR2 mutations. Among 16 BMPR 

2 mutations found in our cohort, 3 frame shift mutations, 2 deletion mutations, 2 splice 
site mutations, 1 nonsense and missense mutation were newly found. All 4 nonsense 
mutations were previously reported. Moreover, 2 missense mutations and 1 frame shift 
mutation were also identified from previous studies. The presence of BMPR2 mutations 
was analyzed in families of 7 patients who had heritable PAH history and among 17 
family members, BMPR2 mutations were identified in 10 members.
The prevalence of BMPR2 mutations in Korean IPAH patients was 23.5%. This shows 
that BMPR2 mutation that is a known genetic risk factor for western population also is a 
risk factor for heritable pulmonary arterial hypertension that must be screened in Asian 
population.  Early genetic screening for PAH especially in the family member carrying 
BMPR2 mutation seems reasonable and essential.
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FIRST IDENTIFICATION OF KRÜPPEL-LIKE FACTOR 2 MUTATION IN HERITABLE PULMONARY ARTERIAL HYPERTENSION
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Heritable pulmonary arterial hypertension (HPAH) is an autosomal dominantly inherited 
disease caused by mutations in the bone morphogenic protein receptor 2 gene and/or 
genes of its signalling pathway in about 85% of patients. 
Our main objective was to identify the genetic cause of the disease in this family using 
an NGS based PAH-specific gene panel including all so far known PAH and further 
candidate genes.
We clinically and genetically analysed a HPAH family without mutations in previously 
described PAH genes. Clinical assessment included electrocardiogram, lung function, 
blood gas analysis, chest X-ray, laboratory testing, echocardiography and right heart 
catheterisation in case of suspected disease. Genetic diagnostics were performed using 
a PAH-specific gene panel including all known 12 PAH genes and 20 further candidate 

genes by next-generation-sequencing. 
HPAH was invasively confirmed in two sisters and their father who died aged 32 years. 
No signs of HPAH were detected in five first degree family members. Both sisters were 
lung transplanted and remained stable during a follow-up of >20 years. We detected a 
novel missense mutation in the Krüppel-like factor 2 (KLF2) likely leading to a disruption 
of gene function. The same KLF2 mutation has been described as a recurrent somatic 
mutation in B-cell lymphoma. Neither the healthy family members carried the mutation 
nor >120,000 controls. 
These findings point to KLF2 as a new PAH gene. Further studies are needed to assess 
frequency and implication of KLF2 mutations in PAH patients.
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COMMON GENETIC BASIS FOR PULMONARY ARTERIAL HYPERTENSION AND HIGH ALTITUDE PULMONARY EDEMA
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High altitude pulmonary edema (HAPE) and pulmonary arterial hypertension (PAH) 
are both characterised through an increased pulmonary artery systolic pressure (sPAP). 
sPAP is also increased in HAPE susceptible subjects at sea level during exercise and in 
non-affected family members of PAH patients with PAH gene defects during exercise 
and hypoxia. Therefore, similar physiological mechanisms might be responsible in HAPE 
and PAH, leading to an abnormal PAP. Both diseases are suspected to have a genetic 
component contributing to disease manifestation. While several candidate genes are 
known for PAH, genetic analyses of HAPE do not provide a clear picture. 
Due to the similar phenotype, we hypothesise that mutations of PAH-genes may also be 
found in HAPE susceptibles.
DNA was extracted from peripheral blood of 64 subjects, phenotypically well 
characterized to be susceptible for HAPE. Mutations were sought in all known PAH genes 
and further candidate genes using a new PAH-specific gene panel. Next generation 
sequencing was carried out for 42 genes of interest. Any potential pathogenic variants 

were confirmed with Sanger sequencing and pathogenicity assessed with in silico 
prediction programmes.
In two HAPE patients mutations in the PAH candidate genes Mothers Against 
Decapentaplegic Homolog 7 (SMAD7) and Cytochrome P450 Family 1 (CYP1B1) were 
identified, respectively. The mutations were characterised as pathogenic by prediction 
programmes and were absent in >120,000 controls. SMAD7 is a pathway gene of the 
most commonly affected PAH pathway with the bone morphogenic protein receptor 2 
at its centre, and variants in CYP1B1 may be responsible for the predominance of PAH in 
females.
This is the first study showing possible communalities not only between the physiological 
determinants of PAH and HAPE but also pointing towards common genetic mechanisms 
at least in a few patients. Further studies are needed to assess frequency and implication 
of PAH-gene mutations in HAPE patients.
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CLINICAL MANIFESTATION OF HEREDITARY PULMONARY ARTERIAL HYPERTENSION BY A “SECOND HIT” MUTATION IN 
THE GENES BMPR2 AND EIF2AK4
Eichstaedt Christina*[1], Song Jie[1], Rodríguez  Viales Rebecca[2], Benjamin Nicola[1], Harutyunova Satenik[1], Fischer Christine[3], Hinderhofer Katrin[3], Grünig Ekkehard[1]

[1]Centre for Pulmonary Hypertension, Thoraxclinic at the University Hospital Heidelberg ~ Heidelberg ~ Germany, [2]European Molecular Biology Laboratory ~ Heidelberg ~ Germany, [3]Institute of Human Genetics, Heidelberg 
University ~ Heidelberg ~ Germany

Hereditary pulmonary arterial hypertension (HPAH) is in most cases caused by autosomal 
dominantly inherited mutations in the bone morphogenic protein receptor type 2 
(BMPR2) gene. However, not all mutation carriers develop the disease. The causes of 
the reduced penetrance are still unclear. Most recently, mutations in EIF2AK4 gene have 
been found in families with recessively inherited pulmonary veno-occlusive disease. 
Our aim was to elucidate whether we can detect further autosomal dominantly inherited 
gene defects in this family which may explain the clinical disease manifestation and 
incomplete penetrance.
Clinical examinations of this HPAH family included physical examination, ECG, 
echocardiography and right heart catheterisation in affected patients. Genetic analysis 
was performed with a new PAH-specific gene panel analysis using next generation 
sequencing of 32 genes including BMPR2. Identified variants were confirmed by Sanger 

sequencing.
The two living first degree family members (29 and 49 years at diagnosis) with manifest 
HPAH carried two heterozygous mutations: one BMPR2 gene deletion leading to a 
frameshift in exon 12 and another in the EIF2AK4 gene leading to the loss of an exon. 
The 2 further family members (38 and 41 years) who had no clinical signs of PAH carried 
only the BMPR2 deletion. They did not develop a manifest HPAH.
The findings in this family suggest that only those members with a co-occurrence of 
two mutations (in BMPR2 and EIF2AK4) were clinically affected and developed manifest 
HPAH. Thus, in this family the second mutation served as “second hit” and may be a 
relevant pathway which explains the reduced penetrance of HPAH in some families. 
Furthermore, this is the first study showing that EIF2AK4 can be autosomal dominantly 
inherited contributing to the manifestation of HPAH.
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LANDSCAPE OF MUTATIONS FOUND BY GENE PANEL ROUTINE SEQUENCING FOR PULMONARY HYPERTENSION 
Eyries Mélanie*[1], Leroy Anne[1], Girerd Barbara[2], Montani David[2], Levy Marilyne[3], Bonnet Damien[3], Bourdin Arnaud[4], Tresorier Romain[5], Chaouat Ari[6], Cottin Vincent[7], Sanfiorenzo Céline[8], Prevot 
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Since the discovery of BMPR2 mutations in 2000, mutations in several other genes, 
related or not to BMPR2 signaling, have been discovered, making pulmonary 
hypertension (PH) a heterogenous genetic disease.
Using a next-generation sequencing–based method that is becoming the gold standard 
for genetic diagnosis allowing the analysis of all known PH genes simultaneously.
We analyzed 227 patients with a clinical diagnosis of pulmonary arterial hypertension 
(PAH) or pulmonary veno-occlusive disease (PVOD), by a targeted capture panel 
including known PH genes (ACVRL1, ENG, GDF2, BMPR2, CAV1, KCNK3, EIF2AK4, 
SMAD9, TBX4). Any potential pathogenic variant was reanalyzed by Sanger sequencing 
or MLPA analysis. 
Following pedigree analysis and clinical examination, 159 subjects were classified as 
idiopathic PAH (iPAH), 11 as familial PAH (fPAH), 7 as drugs and toxin induced PAH and 
50 as PVOD. A mutation was identified in 42 of the 227 analyzed subjects: 27 in iPAH 
(17% of iPAH), 7 in fPAH (64% of fPAH) and 8 in PVOD (16% of PVOD). No mutation was 

identified in patients with drugs and toxin induced PAH. 
We identified 23 mutations in BMPR2 (17 iPAH, 6 fPAH), 2 in ACVRL1 (2 iPAH), 5 in TBX4 
(5 iPAH), 1 in GDF2 (1 iPAH), 1 in SMAD9 (1 iPAH) and 9 biallelic mutations in EIF2AK4 (1 
iPAH and 8 PVOD). No pathogenic mutation was identified in KCNK3 or CAV1. However 
1 variant of unknown significance was identified in each of these genes.  

Gene panel NGS sequencing is an efficient tool to improve the knowledge of PAH 
genetic architecture. In our cohort, the major gene remains BMPR2, however mutations 
in other PH genes account for a small number of cases. Identification of these mutations 
allows the involvement of these genes in PH to be confirmed since only few cases were 
previously reported in the literature and to offer genetic counseling to these patients 
and their family. Moreover, identification of EIF2AK4 bi-allelic mutations may confirm the 
PVOD diagnosis initially suspected or not.
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NOVEL CAUSATIVE GENES FOR HERITABLE PULMONARY ARTERIAL HYPERTENSION
Gräf Stefan*[1], Haimel Matthias[1], Bleda Marta[1], Hadinnapola Charaka[1], Southgate Laura[3], Li Wei[1], Hodgson Joshua[1], Liu Bin[1], Salmon Richard M[1], Southwood Mark[2], Machado Rajiv D[4], Martin 
Jennifer M[1], Treacy Carmen M[1], Yates Katherine[1], Daugherty Louise C[1], Shamardina Olga[1], Whitehorn Deborah[1], Holden Simon[5], Aldred Micheala[6], Bogaard Harm J[7], Church Colin[8], Coghlan 
Gerry[9], Condliffe Robin[11], Corris Paul A[14], Danesino Cesare[15], Eyries Mélanie[16], Gall Henning[18], Ghio Stefano[19], Ghofrani Hossein--Ardeschir[18], Gibbs J Simon R[20], Girerd Barbara[21], Houweling 
Arjan C[7], Howard Luke[10], Humbert Marc[21], Kiely David G[11], Kovacs Gabor[23], Mackenzie  Ross Robert V[17], Moledina Shahin[22], Montani David[21], Newnham Michael[1], Olschewski Andrea[6], Olschewski 
Horst[6], Peacock Andrew J[8], Pepke--Zaba Joanna[2], Prokopenko Inga[10], Rhodes Christopher J[10], Scelsi Laura[19], Seeger Werner[18], Soubrier Florent[16], Suntharalingam Jay[17], Swietlik Emilia[1], Toshner 
Mark R[1], Vonk  Noordegraaf Anton[7], Waisfisz Quinten[7], Wharton John[10], Wort Stephen J[10], Soranzo Nicole[13], Ouwehand Willem H[1], Lawrie Allan[11], Upton Paul D[1], Trembath Richard C[12], Wilkins 
Martin R[10], Morrell Nicholas W[1]

[1]University of Cambridge ~ Cambridge ~ United Kingdom, [2]Papworth Hospital ~ Papworth ~ United Kingdom, [3]Molecular and Clinical Sciences Research Institute, St George’s, University of London ~ London ~ United Kingdom, 
[4]University of Lincoln ~ Lincoln ~ United Kingdom, [5]Addenbrooke’s Hospital ~ Cambridge ~ United Kingdom, [6]Cleveland Clinic ~ Cleveland, Ohio ~ United States of America, [7]VU University Medical Center ~ Amsterdam 
~ Netherlands, [8]Golden Jubilee National Hospital ~ Glasgow ~ United Kingdom, [9]Royal Free Hospital ~ London ~ United Kingdom, [10]Imperial College London ~ London ~ United Kingdom, [11]Sheffield Pulmonary Vascular 
Disease Unit, Royal Hallamshire Hospital ~ Sheffield ~ United Kingdom, [12]King’s College London ~ London ~ United Kingdom, [13]Wellcome Trust Sanger Institute ~ Hinxton ~ United Kingdom, [14]University of Newcastle ~ 
Newcastle ~ United Kingdom, [15]Department of Molecular Medicine, University of Pavia ~ Pavia ~ Italy, [16]Département de génétique, hôpital Pitié-Salpêtrière, Assistance Publique-Hôpitaux de Paris, and UMR_S 1166-ICAN, 
INSERM, UPMC Sorbonne Universités ~ Paris ~ France, [17]Royal United Hospitals Bath NHS Foundation Trust ~ Bath ~ United Kingdom, [18]University of Giessen and Marburg Lung Center (UGMLC), member of the German Center 
for Lung Research (DZL) and of the Excellence Cluster Cardio-Pulmonary System (ECCCPS) ~ Giessen ~ Germany, [19]Fondazione IRCCS Policlinico San Matteo ~ Pavia ~ Italy, [20]National Heart & Lung Institute, Imperial College 
London ~ London ~ United Kingdom, [21]Université Paris-Sud, Faculté de Médecine, Université Paris-Saclay; AP-HP, Service de Pneumologie, Centre de référence de l’hypertension pulmonaire; INSERM UMR_S 999, Hôpital Bicêtre, 
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Pulmonary arterial hypertension (PAH) is a rare disorder with a poor prognosis. 
Deleterious variation within genes encoding components of the transforming growth 
factor-ß pathway, particularly the bone morphogenetic protein type 2 receptor (BMPR2), 
underlie the majority of heritable forms of PAH. Approximately 20% of heritable and 80% 
of idiopathic PAH cases remain genetically unexplained.
Our objective was to identify the missing genetic contribution to heritable PAH. 
Recognising that this likely involves mutations in genes confined to small numbers of 
PAH cases, we assembled a large cohort from the UK and Europe to undertake a case-
control analysis.
In this study, we performed whole genome sequencing in 1038 PAH index cases and 
6385 subjects with other rare diseases. Case-control analyses were undertaken to detect 
significant overrepresentation of rare variants in protein-coding genes in the PAH cohort.

Rare variant analyses identified mutations in novel causal genes, namely ATP13A3, AQP1 
and SOX17, and provided independent validation of a critical role for GDF2 in PAH. We 
demonstrate familial segregation of mutation in SOX17 and AQP1 with PAH. Mutations in 
GDF2, encoding a ligand for BMPR2, led to reduced secretion of the growth factor from 
transfected cells. In addition, we confirmed the presence of mutations predicted to be 
disruptive of function in most (BMPR2, TBX4, ENG, ACVRL1, SMAD9, KCNK3, EIF2AK4), 
but not all, previously reported PAH genes, and provide preliminary evidence for further 
putative genes.
Taken together these findings provide new insights into the molecular basis of PAH, 
indicate unexplored pathways for therapeutic intervention, and support a central role for 
endothelial dysfunction in this disorder.
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A SENSITIVE RESPONSE TO HYPOXIA IN PULMONARY ARTERY IN HIGH-ALTITUDE PULMONARY EDEMA SUSCEPTIBLE 
SUBJECTS UNDER A GENETIC BACKGROUND OF VARIATIONS IN THE EGLN1 GENE
Kobayashi Nobumitsu*, Kinota Fumiya, Droma Yunden, Horiuchi Toshimichi, Ushiki Atuhito, Yasuo Masanori, Yamamoto Hiroshi, Ota Masao, Hanaoka Masayuki
Shinshu University School of Medicine ~ Matsumoto ~ Japan

Hypobaric hypoxia-induced pulmonary hypertension is a critical mechanism in the 
development of high-altitude pulmonary edema (HAPE). Susceptible subjects of HAPE 
(HAPE-s) have been thought to sensitively respond to the hypoxia-inducible factor 
(HIF) pathway triggers cascades of molecular events involving the pathophysiology of 
hypoxia, and the Egl nine homolog 1 gene (EGLN1) has key functions in the HIF pathway. 
We hypothesize that the genetic variations of EGLN1 is associated with the increased 
response to hypoxia in pulmonary artery.
By Doppler echocardiography, the systolic pulmonary artery pressure (sPAP) and cardiac 
systolic function including end-systolic volume (ESV), end-diastolic volume (EDV), stroke 
volume (SV), cardiac output (CO), percent ejection fraction (EF%) and percent fractional 
shortening (FS%) were measured in 11 HAPE-s and 9 HAPE-resistant subjects (HAPE-r) 
before and after 30 minutes of hypoxic breathing. Meanwhile, the allelic discriminations 

of three significant tag single-nucleotide polymorphisms (SNPs) of rs1435166, 
rs7542797, and rs2153364 in EGLN1 were performed by the TaqMan SNP Genotyping 
Assay in these two groups. The multiple regression statistics was applied to analyze the 
corrections correspondingly. 
 The sPAP was significantly increased in the HAPE-s under hypoxic condition compared 
to that under normoxic condition (P<0.001). On the other hand, the HAPE-r group did 
not show such a significant hypoxic increase. The hypoxic increased sPAP of the HAPE-s 
did not show significant correlations with other heart function measurements in the 
HAPE-s group. However, the SNP rs1435166 of EGLN1 showed a significant correlation 
with the sPAP in the HAPE-s, but not in the HAPE-r, after hypoxic exposure.
The pulmonary artery showed a sensitive response to hypoxia in the HAPE-s, which 
might be correlated with the genetic variations of EGLN1. 
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KCNK3 CHANNEL INACTIVATION LEADS TO PULMONARY VASCULAR ALTERATIONS IN RAT
Lambert Mélanie*[1], Hautefort Aurélie[1], Manoury Boris[2], Montani David[1], Humbert Marc[1], Perros Frédéric[1], Antigny Fabrice[1]
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Mutations in the KCNK3 gene have been identified in PAH patients. KCNK3 encodes for 
an outward rectifier K+ channel, and each identified mutations leads to a loss of KCNK3 
function. We recently discovered that KCNK3 dysfunction is common to heritable and 
non-heritable PAH and to experimental pulmonary hypertension. KCNK3 being not 
functional in mouse PASMCs, Kcnk3-deficient mice are not a suitable model to study the 
role of KCNK3 in pulmonary hypertension. 
To decipher cellular mechanisms associated with a loss of KCNK3 function in PAH, we 
generated a transgenic rat line bearing an inactivating Kcnk3 mutation.
Kcnk3 deficient rats were generated using CRISPR-Cas9 technology (94pb deletion 
in exon 1 of Kcnk3 gene). We characterized these rats at electrophysiological, 
echocardiographic, hemodynamic, morphological and molecular levels. 
Using patch-clamp technique we validated our transgenic strategy, by demonstrating 
the absence of KCNK3 current in freshly isolated PASMC from heterozygous and 

homozygous Kcnk3-mutated rats. We found that isolated PASMC from Kcnk3-
deficient rats are significantly depolarized compared to WT rats. At 3 month-old of 
age, echocardiographic parameters revealed a shortening of the pulmonary artery 
acceleration time associated with an elevation of right ventricular systolic pressures. We 
demonstrated that Kcnk3-mutation induced lung distal neomuscularization, upregulation 
of MAP kinase (ERK, P-38) and anti-apoptotic (SRC, Survivin) signaling pathways, and 
severe alteration of pulmonary arteries reactivity (contraction and relaxation). Finally, 
Kcnk3-mutated rats developed more severe PH than wild types after monocrotaline 
exposure.
In this study we established the first Kcnk3-deficient rat model of PH. Those results 
confirm that KCNK3 loss of function is a key event in PAH pathogenesis. This model 
opens new opportunities for understanding initiating mechanisms of PH and testing 
biologically relevant therapeutic molecules in the context of PH.
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ENHANCED EXPRESSION OF ENDOTHELIN-2, AN ISOPEPTIDE OF ENDOTHELIN-1, BY HYPOXIA IN LUNGS: POSSIBLE ROLE 
IN PULMONARY HYPERTENSION
Suzuki Yoko*[1], Koji Ikeda[2], Kazuya Miyagawa[2], Naoki Tamada[1], Kazuhiko Nakayama[1], Masashi Yanagisawa[3], Noriaki Emoto[1]

[1]Division of Cardiovascular Medicine, Department of Internal Medicine, Kobe University Graduate School of Medicine ~ Kobe ~ Japan, [2]Clinical Pharmacy, Kobe Pharmaceutical University ~ Kobe ~ Japan, [3]International Institute 
for Integrative Sleep Medicine, University of Tsukuba ~ Tsukuba ~ Japan

Endothelin-1 (ET-1, EDN1) is known to have an important causative role in pulmonary 
arterial hypertension (PAH). However, the physiological and pathophysiological functions 
of endothelin-2 (ET-2, EDN2) in the development of PAH remain elusive. 
To examine the pattern and regulation of Edn2 mRNA in the lungs under hypoxic 
conditions.
A549 cells, adenocarcinomic human alveolar basal epithelial cells, and BEAS-2B cells, 
human airway epithelial cells, were cultured under normoxic or hypoxic conditions. We 
investigated the expression of EDN2 in the lung by using End2-iCre/ROSA lacZ mice and 
End2-iCre/Ai9 reporter mice. Edn2+/ mice and their wild type (WT) littermates were 
exposed to hypoxia (10% O2) in a ventilated chamber.

Histological analyses of End2-iCre mice demonstrated that ET-2 is expressed in bronchial 
and alveolar epithelium. We confirmed the expressions of Edn2 mRNA in A549 cells and 
BEAS-2B cells that were upregulated under hypoxic conditions. Hypoxic exposure of WT 
mice for twenty minutes resulted in the transient and robust expression of Edn2 mRNA 
in the lung. Hypoxic exposure for three weeks revealed that the Edn2+/ mice had lower 
right ventricular systolic pressure, Fulton index, and pulmonary artery wall thickness than 
the WT littermates.
The present study revealed that Edn2 mRNA is expressed for a short period of time after 
exposure to hypoxia. Genetic inactivation of Edn2 in mice is protective against hypoxia-
induced pulmonary hypertension.
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THE EFFECTS OF BONE MORPHOGENETIC PROTEIN RECEPTOR TYPE 2 MUTATION ON RIGHT VENTRICULAR FUNCTION 
IN PULMONARY ARTERIAL HYPERTENSION AFTER OPTIMAL COMBINATION THERAPY
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Bone morphogenetic protein receptor type 2 (BMPR2) gene mutation is a common 
genetic cause of pulmonary arterial hypertension (PAH), associating with poor prognosis. 
However, recent optimal combination therapy with vasodilator drugs improved right 
ventricular (RV) function and survival of patients with PAH. The effect of BMPR2 gene 
mutation in terms of the RV functional recovery after combination therapy is unknown.
The objective was to investigate the association between RV function and BMPR2 gene 
mutation.
Forty-one patients with idiopathic/heritable PAH patients were analyzed. Right heart 
catheterization, two-dimension and three-dimension echocardiography were performed 
before and after the combination therapy to assess the hemodynamics and RV functional 
changes. Mutations, including exonic deletions in BMPR2, were identified from the 
protein-coding sequence of BMPR2 from exon 1 to 13 and multiplex ligation-dependent 
probe amplification.
The study population was predominantly female (85.4%) with median age of 44 years, 
13 patients (32%) were BMPR2 gene mutation carriers. No significant differences were 
found in patient characteristics at baseline. After combination therapy, lower mean 
pulmonary artery pressure, better cardiac index, smaller RV size, better RV global 
longitudinal strain, and better RV ejection fraction were observed in both groups. 
Furthermore, the effects of combination therapy on these RV parameters in BMPR2 gene 
mutation carriers were comparable to those in noncarriers, while smaller right atrial area, 
and lower brain natriuretic protein were observed in carriers than those in noncarriers.
RV hemodynamics and function were improved after combination therapy, and the 
BMPR2 gene mutation carriers had similar positive effects on RV functional recovery 
compared to noncarriers.
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INHIBITION OF NITRIC OXIDE SYNTHASE UNMASKS POTENT VASOCONSTRICTION IN ESTABLISHED PULMONARY 
ARTERIAL HYPERTENSION
Abe Kohtaro*, Tanaka Mariko, Tsutsui Hiroyuki
Kyushu University Graduate School of Medical Sciences ~ Fukuoka ~ Japan

It is widely accepted that impaired bioavailability of endothelial nitric oxide (NO) plays a 
critical role in the pathophysiology of pulmonary arterial hypertension (PAH). However, 
there are published data that show that relatively many PAH patients respond favorably 
to acetylcholine during their follow-up period when diverse stages of the disorder are 
included.
The aim of this studu is to examine if NO bioavailability varies depending on the 
progression of PAH.
Adult rats were exposed to the VEGF receptor blocker Sugen5416 and 3 weeks of 
hypoxia followed by return to normoxia for various additional weeks. We investigated 
temporal changes in acute hemodynamic effects of NOS inhibition by L-NAME and 
stimulation by ACh in vivo, and eNOS activity and cGMP content in lungs. 
Adult rats were exposed to the VEGF receptor blocker Sugen5416 and 3 weeks of 
hypoxia followed by return to normoxia for various additional weeks. All rats developed 

increased right ventricular systolic pressure (RVSP) and occlusive lesion formation at 1, 3, 
5 and 8 weeks after the Sugen5416 injection. NO synthase blockade did not change the 
elevated RVSP at the 1-week time point, while it further increased RVSP markedly at the 
3-, 5- and 8-week time points, leading to death in all rats tested at 8 weeks. Acetylcholine 
caused significant reduction in RVSP at the 8-week but not the 1-week time point, 
whereas sodium nitroprusside decreased it similarly at both time points. Increaseed NO-
mediated cGMP production was found in lungs from the 8-week but not the 1-week time 
point.
Despite its initial impairment, NO bioavailability is restored and endogenous NO plays a 
critical protective role by counteracting severe pulmonary vasoconstriction in established 
stages of PAH in the Sugen5416/hypoxia/normoxia-exposed rats. Our results provide 
solid experimental evidence for a major contribution of a NO-masked vasoactive 
component in the pathophysiology of established PAH.
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DIMINISHED RIGHT VENTRICULAR FUNCTION AT DIAGNOSIS OF PULMONARY HYPERTENSION IS ASSOCIATED WITH 
MORTALITY IN BRONCHOPULMONARY DYSPLASIA 
Altit Gabriel*, Bhombal Shazia, Feinstein Jeffrey, Tacy Theresa
Stanford University ~ Palo Alto ~ United States of America

Pulmonary hypertension (PH) has been increasingly associated with bronchopulmonary 
dysplasia (BPD) in the premature population. There is limited data on the impact of the 
degree of PH and RV dysfunction, as assessed by echocardiography (ECHO). 
We sought to describe the cardiac function and severity of PH using ECHO in the 
premature population with BPD and PH followed at our institution, and to evaluate if the 
degree of PH and cardiac dysfunction were associated with mortality.
Retrospective analysis of the ECHO closest to diagnosis (≤ 3 months) of BPD patients 
with PH from 2000-2017. Analysis by conventional markers and speckle-tracking ECHO. 
Syrvival analysis was performed by Cox proportional hazards model and significance was 
set at p<0.05.
We analyzed the ECHO of 52 premature newborns with BPD and PH, of which 31% died 
at follow-up. Average gestational age at birth was 26.3±2.3 weeks. Analyzed ECHO was 
performed at a median of 43.3 weeks of post-menstrual age (IQR: 39.0 – 54.7) and with 
a median of a day of diagnosis (IQR: 0-19). Left ventricular (LV) function parameters were 
within normal limits. Right ventricular (RV) performance parameters (TAPSE Z-score – HR 
0.65, FAC – HR 0.88 and RV pGLS – HR 1.22) were significantly associated with mortality, 
as well as the markers assessing the degree of PH (sPAP/sBP – HR 1.02, LV eccentricity 
index – HR 2.02 and LV/RV ratio – HR 0.16). Time between ECHO and death was of 
a median of 82 days. RV pGLS correlated with FAC and TAPSE, and these markers 
correlated with severity of PH.
Severity of PH and underlying RV dysfunction were significantly associated with mortality. 
While estimation of sPAP is not feasible in every screening ECHO, thorough evaluation of 
RV function and other markers of PH allows to discriminate the most at risk population. 
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THE OMEGA-3 EPA:DHA 6: 1 FORMULATION PREVENTS THE MONOCROTALINE-INDUCED PULMONARY HYPERTENSION, 
PULMONARY ARTERY REMODELING AND ENDOTHELIAL DYSFUNCTION, AND RIGHT VENTRICULAR FAILURE IN RATS
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Omega-3 polyunsaturated fatty acids such as eicosapentaenoic acid (EPA) and 
docosahexaenoic acids (DHA) have been shown to protect the cardiovascular system 
and reduce inflammation.
The possibility that the superior omega-3 formulation, EPA:DHA 6:1, prevents 
cardiopulmonary dysfunction and remodeling was evaluated in an experimental model 
of pulmonary arterial hypertension (PAH). 
Male Wistar rats received 500 mg/kg/day of either EPA:DHA 6:1 or corn oil by daily 
gavage for 4 weeks before sacrifice. After one week, PAH was induced by a single 
subcutaneous injection of monocrotaline (MCT, 60 mg/kg). 
MCT treatment was associated with increased systolic pulmonary arterial pressure (PAP) 
and blunted endothelium-dependent relaxations to acetylcholine in pulmonary artery 
rings, increased wall thickness and oxidative stress in pulmonary arterioles, and increased 

right ventricule (RV) systolic pressure and hypertrophy, and reduced cardiac output. 
The EPA:DHA 6:1 treatment prevented the MCT-induced changes in morphology 
and pressure in the pulmonary artery and RV. EPA:DHA 6:1 treatment also reduced 
the MCT-induced pulmonary artery endothelial dysfunction, and the level of oxidative 
stress in pulmonary arterioles. The protective effect of EPA:DHA 6:1 was associated with 
the prevention of the MCT-induced upregulation of eNOS, AT1 receptors, endothelin 
receptors, COX-1 and COX-2, and NADPH oxidase subunits in pulmonary arterioles, and 
a reduced perivascular macrophages and lymphocytes infiltration in lungs. 
The present findings indicate that the EPA:DHA 6:1 has a cardioprotective effect in PAH 
by preventing right ventricular failure, pulmonary artery and arterioles remodeling and 
endothelial dysfunction, most likely by preventing vascular oxidative stress.
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ALTERATION OF KCNK3 FUNCTION CONTRIBUTES TO RIGHT VENTRICULAR DYSFUNCTIONS IN EXPERIMENTAL 
PULMONARY HYPERTENSION 
Antigny Fabrice*[1], Lambert Mélanie[1], Boet Angèle[1], Rucker--Martin Catherine[1], Capuano Véronique[1], Hatem Stéphane[2], Hautefort Aurélie[1], Michel Jean--Baptiste[3], Dorfmuller Dorfmuller[1], Fadel 
Elie[1], Kotsimbos Tom[4], Jourdon Philippe[1], Montani David[1], Perros Frédéric[1], Humbert Marc[1]

[1]INSERM U999 ~ LE PLESSIS ROBINSON ~ France, [2]UMRS-1166 INSERM ~ Paris ~ France, [3]INSERM UMRS 1148 ~ Paris ~ France, [4]Dept. Respiratory Medicine, Alfred Hospital ~ Melbourne ~ Australia

Mutations in the KCNK3 gene, which encodes for an outward-rectifier K+ channel, have 
been identified in patients suffering from pulmonary arterial hypertension (PAH), and 
constitute the first described channelopathy in PAH. In human PAH and experimental 
pulmonary hypertension (PH), we demonstrated that KCNK3 expression and function 
are severely reduced in pulmonary vascular cells, promoting PH-like phenotype at the 
morphologic and hemodynamic levels. 
Since KCNK3 channel is also expressed in both human and rodent heart, we aimed 
to elucidate the pathophysiological role of KCNK3 channels in right ventricular (RV) 
hypertrophy (RVH) related to PH. 
Using whole-cell Patch-clamp technique, basic molecular biology tools and 
echocardiography analyses.
We demonstrated that KCNK3 is functional and predominantly expressed in adult 

rat RV cardiomyocytes compared to left ventricle and participates to the repolarizing 
phase of the RV action potential. We revealed a reduction in KCNK3 function before 
the development of RVH and the rise of pulmonary vascular resistance. Indeed KCNK3 
function is progressively and severely reduced in RV cardiomyocytes during the 
development of RVH in the severe PH model induced in rat by monocrotaline exposure 
without any changes in left ventricle. KCNK3 mRNA level is also reduced in human 
ventricular tissues from PAH patients compared to non PAH patients. Interestingly, 
the reduction of KCNK3 current precedes the development of RVH. In line with these 
findings, chronic inhibition of KCNK3 in rats with specific inhibitor (A293) induces RVH 
correlated with re-expression of fetal genes, RV fibrosis and loss of RV performance 
assessed by echocardiography
Our data indicate that KCNK3 inhibition leads to RV dysfunction associated with PH.
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IMPAIRED RIGHT VENTRICULAR O2 DELIVERY IS ASSOCIATED WITH REDUCED RIGHT VENTRICULAR RESERVE IN 
PULMONARY HYPERTENSION DURING EXERCISE
Cai Zongye*, Van  Duin Richard Wb, Duncker Dirk Jan, Merkus Daphne
 Erasmus MC ~ Rotterdam ~ Netherlands

Right ventricular (RV) O2 delivery and RV reserve during exercise are not well described 
in pulmonary hypertension (PH).
We aimed to study the association between RV O2 delivery and RV reserve during 
exercise in a porcine model of post-capillary PH (PCPH).
PCPH (N=6) was induced by inferior pulmonary vein banding for 12 weeks in juvenile 
swine, with sham-operation as control (N=6). Swine were instrumented to measure 
hemodynamics, right coronary blood flow (CBF) and arterial oxygen content (AO2C) 
at rest and during treadmill exercise. O2 delivery was calculated by CBF× AO2C. Ees 
was derived from the single-beat method. RV reserve was calculated by Δ: (Max during 
exercise-rest)/rest. Echocardiography was performed to estimate RV fractional area 
change (RVFAC).
PCPH had increased mPAP (40±7 vs. 18±4 mmHg; P<0.0001) compared with sham. At 
rest, cardiac index (CI) in PCPH was preserved (0.16±0.02 vs. 0.18±0.02 L·min-1·m-2, 
P=0.18), while Ees (52.4±6.6 vs. 39.3±5.1 mmHg·L-1, P<0.01), dP/dtmax (1758±497 vs. 
1250±260 mmHg·s-1, P=0.05), dP/dtmin (-1280±494 vs. -744±113 mmHg·s-1, P<0.05) 
and RV O2 delivery (587±161 vs. 407±271 mmol·min-1, P=0.24) were increased; RVFAC 
was decreased (53±1 vs. 59±3 %, P<0.01). During exercise, RV reserve in PCPH for ΔCI 
(0.37±0.11 vs. 0.61±0.17; P<0.05), ΔEes (0.56±0.13 vs. 1.24±0.24; P=0.001), ΔdP/dtmax 
(0.38±0.24 vs. 0.77±0.30; P<0.05), ΔdP/dtmin (0.60±0.26 vs. 1.33±0.29; P<0.01), and 
ΔRV O2 delivery (0.9±0.4 vs. 1.8±0.5; P<0.05) were decreased compared with sham. 
ΔRV O2 delivery was associated with ΔCI (R2=0.83; P<0.001), ΔEes (R2=0.62; P<0.05), 
ΔdP/dtmax (R2=0.54; P<0.05) and ΔdP/dtmin (R2=0.47; P<0.05). In addition, RVFAC was 
associated with ΔRV O2 delivery (R2=0.84; P<0.001).
Impaired RV O2 delivery was associated with reduced RV reserve in PCPH during 
exercise, which implicates an imbalance of RV O2 supply and demand in RV dysfunction 
in PH. Noninvasive RVFAC is a strong predictor of ΔRV O2 delivery.
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PULMONARY ARTERIAL VOLUME, A DETERMINANT OF RESERVOIR FUNCTION MAY MODULATE RIGHT VENTRICULAR 
PERFORMANCE IN PATIENTS WITH PULMONARY ARTERIAL HYPERTENSION
Chang Hao--Chih*, Dai--Yin Lu, Shih--Hsien Sung
Division of Cardiology, Department of Medicine, Taipei Veterans General Hospital ~ Taipei City ~ Taiwan

The arterial system serves both as the blood conduit and the reservoir. While the 
geometric properties of the proximal aorta have influenced its buffering capacity to left 
heart, the association of pulmonary arterial volume (PAV) and the reservoir function with 
right ventricular (RV) performance in patients with pulmonary arterial hypertension (PAH) 
remain elucidated.
The aim of the study is to investigate the correlation between PAV, reservoir function of 
pulmonary artery and RV performance.
A total of 29 patients with clinical suspicion of PAH underwent right heart catheterization 
were enrolled. High-fidelity Millar catheters were used to obtain the pressure waveforms 
for the subsequent analysis of the systolic and mean pulmonary arterial pressure 
(sPAP and mPAP), and the peak reservoir pressure (Pre). Cardiac output was measured 
by Fick method. The RV global longitudinal strain (RV-GLS) was assessed by speckle 
tracking echocardiography. PAV was the sum of the main pulmonary trunk to bilateral 
lobar arteries of the computed tomographic images. The ratio of sPAP to RV-GLS was 
supposed to be the index of right ventriculo-arterial coupling.
Among the 25 subjects (age 58.4±18.7, female 68%) with PAH, mPAP was 
54.58±30.73mmHg, pulmonary vascular resistance (PVR) was 1144.71±1101.88 dyn·s/
cm5, and cardiac index (CI) of RV was 2.11±0.57L/min/m2. Pre correlated with mPAP 
(r=0.89, p<0.001), and PVR (βstd=0.60, p=0.001) in multivariate analyses. Pre was also 
related to right ventriculo-arterial coupling (sPAP/RV-GLS; r=-0.62, p=0.002). We found 
that PAV was significantly associated with RV-GLS (r=-0.48, p=0.031), and was positively 
related to Pre (r=0.67, p=0.034) among patients with CI≥ 2.2 L/min/m2.
The reservoir function of PA was related to the severity of PAH and RV performance. PAV 
could be an essential modulator to preserve RV function at the early stages of PAH.
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ALTERED MYOCARDIAL ENERGY METABOLISM IN EXPERIMENTAL RIGHT VENTRICULAR FAILURE ON ACUTE AND 
CHRONIC INCREASED AFTERLOAD
Dewachter Laurence*[1], Belhaj Asmae[2], Rondelet Benoit[2], Kerbaul Francois[1], Brimioulle Serge[1], Naeije Robert[1], Dewachter Céline[1]

[1]Université Libre de Bruxelles ~ Brussels ~ Belgium, [2]Université Catholique de Louvain ~ Dinant ~ Belgium

Metabolic shift toward glycolysis has been described in right ventricular (RV) hypertrophy 
and failure. We previously reported on experimental models of RV failure on acute and 
chronic afterload, both related to RV-arterial decoupling, RV activation of apoptosis and 
inflammation, but variable degree of RV hypertrophy.
In this context, we sought to compare the expression of genes implicated in energy 
substrate use in these two experimental models. 
RV failure was induced by 1) a transient (90-min) pulmonary artery ensnarement in 
dogs, or by 2) a prolonged (six-month) overcirculation-induced pulmonary arterial 
hypertension in piglets. Hemodynamics was evaluated to assess RV failure and RV free 
wall was sampled for pathobiological evaluation.  

In both models, gene expressions of key cardiac energy sensors, the AMP-activated 
protein kinase (AMPK) and the peroxisome proliferator-activated receptor (PPAR)-alpha/
PPAR gamma coactivator (PGC)-1 alpha/retinoic acid receptor (RXR)-alpha decreased 

in the RV.  Expressions of cell regulator of fatty acid transport (CD36) and enzymes 
implicated in fatty acid oxidation, including the carnitine palmitoyltransferase (CPT) 
and the sterol regulatory element binding transcription factor (SREBF) decreased 
in the RV. However, RV expressions of glucose transporters (GLUT1, GLUT4) and 
hexokinase-1 increased, together with decreased pyruvate deshydrogenase kinase 
(PDK)4 expression in the hypertrophied dysfunctional RV, while they did not change in 
the non-hypertrophied dysfunctional one.  There were correlations between RV ratio 
of end-systolic-to-pulmonary arterial elastances (assessing RV-arterial coupling) and 
RV expression of major metabolic determinants. No changes were noticed in the left 
ventricles.
Acute and chronic afterload-induced RV failure is associated with altered RV fatty acid 
metabolism, while molecules implicated in glucose uptake are upregulated in the 
hypertrophied failing RV only. 
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CORRELATION BETWEEN RIGHT VENTRICULAR FUNCTION ASSESSED BY ECHOCARDIOGRAPHY AND BY RIGHT HEART 
CATHETERIZATION AMONG PATIENTS WITH PULMONARY HYPERTENSION
Farina Juan*[1], Lavalle  Cobo Augusto[1], Gomez  Santa  Maria Hector[1], Crippa Diego[1], Varela Brenda[3], Hirschson  Prado Alfredo[2], Nitsche Alejandro[3], Barth Angeles[1], Daru Victor[1], Lescano Adrian[1]

[1]Finochietto Clinic ~ Buenos Aires ~ Argentina, [2]Hospital Rivadavia ~ Buenos Aires ~ Argentina, [3]Hospital Aleman ~ Buenos Aires ~ Argentina

Right ventricular (RV) dysfunction aggravates prognosis in pulmonary hypertension 
(PH) patients. Cardiac index (CI) assessed by right heart catheterization (RHC) is a robust 
indicator of RV function and prognosis. The use of non-invasive estimation of RV function 
by Doppler echocardiography (DE) methods -such as tricuspid annular plane systolic 
excursion (TAPSE) or derived tricuspid lateral annular systolic velocity wave (S’)- is 
currently supported by the DE practice guidelines. However, there is limited information 
regarding the precision of those non-invasive methods in PH patients.
To estimate the concordance between RV function assessed by two DE methods (TAPSE, 
S’) and CI assessed by RHC.
We included consecutive patients with confirmed PH diagnosis that underwent RHC 
between March 2012 and July 2017. TAPSE and S’ values were obtained using two 
ultrasound systems and CI value was obtained by RHC. RHC and DE were performed 
with less than 24 hours of difference between them and the physicians were blind to the 
other method results. We analyzed the numeric variables (TAPSE, S’, CI) with bivariate 
Pearson’s correlation to visualize their relationship, reported as correlation coefficient and 
significance.
We included 73 patients, 67% were women, with a mean age of 56 years (SD 18). PH 
group (G) distribution was: GI 67%; GII 11%; GIII 12%; GIV 7% and GV 3%. Mean values 
were: TAPSE 17.8 mm (SD 4.0), S’ 10.3 cm/s (SD 3.7) and CI 2.73 l/m/m2 (SD 0.76). The 
concordance correlation coefficient resulted in: r=0.32 (p<0.01) for TAPSE and CI, and 
r=0.29 (p=0.01) for S’ and CI (figure 1).
We found a poor relationship between two non-invasive methods (TAPSE, S’) and 
invasive determination of RV function by RHC. This information supports the idea that 
TAPSE and S’ must be used with caution in PH populations. Further investigations are 
needed to find non-invasive methods to estimate RV dysfunction with better precision in 
PH patients.
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PULMONARY VASCULAR RESISTANCE AND COMPLIANCE RELATIONSHIP IN PULMONARY HYPERTENSION: DIRECT 
MEASUREMENTS VERSUS EMPIRIC FORMULAE
Gerges Christian*[1], Gerges Mario[1], Fesler Pierre[2], Pistritto Anna Maria[3], Celermajer David[4], Lang Irene[1]

[1]Department of Internal Medicine II, Division of Cardiology, Vienna General Hospital, Medical University of Vienna ~ Vienna ~ Austria, [2]PhyMedExp, University of Montpellier, INSERM U1046, CNRS UMR 9214, and Department 
of Internal Medicine, Lapeyronie Hospital ~ Montpellier ~ France, [3]Department of Internal Medicine, Division of Cardiology, Ferrarotto Hospital, University of Catania ~ Catania ~ Italy, [4]Department of Cardiology, Sydney Medical 
School, University of Sydney ~ Sydney ~ Australia

Right ventricular (RV) afterload is characterized by a dynamic interaction between 
pulmonary vascular resistance (PVR) and compliance (CPA) which theoretically results in 
a “constant” resistance-compliance (RC) time product in health and disease. However, 
recent studies have challenged this concept. In pre-capillary PH, pressure in the capillary 
bed (Pc’) may be significantly higher than mean pulmonary arterial wedge pressure 
(mPAWP), resulting in overestimation of PVR. CPA, empirically calculated as stroke 
volume over pulmonary arterial pulse pressure (SV/PApp), may overestimate “true” CPA 
because only a fraction of SV is discharged out of the arterial system during RV ejection.
In order to estimate the true PVR-CPA relationship, we assessed Pc’ and RC-time using 
the pulmonary artery occlusion technique.
Pulmonary artery occlusion waveforms were analyzed in 31 patients with idiopathic 
pulmonary arterial hypertension (iPAH), 20 with isolated post-capillary PH (Ipc-PH), 35 
with combined post- and pre-capillary PH (Cpc-PH) and 6 controls (Non-PH). We defined 

“true” PVR as (mPAP-Pc’)/CO and “true” CPA as “true” RC-time/PVR.
Empiric PVR overestimated “true” PVR in patients with iPAH (10.8±4.2WU vs 6.2±2.5WU, 
p<0.001), Cpc-PH (6.4±3.5WU vs 4.2±1.2WU, p<0.001), and controls (2.1±0.4WU 
vs 1.4±0.7WU, p=0.023), but not in patients with Ipc-PH (3.1±1.3WU vs 2.9±1.3WU, 
p=0.235). Empiric RC-times were significantly different across all groups (Non-PH: 
445±189ms, Ipc-PH: 405±152ms, Cpc-PH: 588±190ms, iPAH: 764±331ms; p<0.001), 
while “true” RC-times were constant using the bi-exponential fitting technique (Non-PH: 
245±64ms, Ipc-PH: 246±91ms, Cpc-PH: 245±104ms, iPAH: 233±74ms, p=0.945).
Empiric formulae for PVR and CPA are prone to errors, and may lead to misclassifications. 
Especially in PH with pulmonary vascular disease (iPAH and Cpc-PH) “true” PVR can 
be overestimated because Pc’ is significantly higher than mPAWP. “True” RC-times are 
shorter and constant in health and disease.
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MIR-21 REGULATED RIGHT VENTRICULAR REMODELING SECONDARY TO PULMONARY ARTERIAL PRESSURE OVERLOAD
Hsu Chih--Hsin*[2], Chang Hao--Chih[1], Chen Frederick Y[4], Liao Ronglih[3]

[1]Chi-Mei Medical Center ~ Tainan ~ Taiwan, [2]Cheng Kung University Hospital ~ Tainan ~ Taiwan, [3]Brigham and Women’s Hospital ~ Boston ~ United States of America, [4]Tufts Medical Center ~ Boston ~ United States of America

Survival for patients with pulmonary hypertension (PH) is determined by right ventricular 
(RV) dysfunction. MicroRNA-21 (miR-21) is involved in PH vasculature remodeling. 
However, its effects on RV structural and functional remodeling remained largely 
unknown.
The goal of this study is to characterize region specific structural and functional changes 
in the RV secondary to PH and to identify the involvement of miR-21. 
In this longitudinal, prospective study, we enrolled idiopathic, connective tissue 
disease associated and congenital heart disease (CHD) associated PH patients. 
Echocardiography was conducted and the circulating miR-21 was measured. In the 
animal model, PH was induced by pulmonary arterial constriction (PAC) in adult 
male ovine. The functional and structural changes in the RV were monitored. Isolated 
neonatal rat ventricular myocytes (NRVM) were used to identify the role of miR-21 in 
cardiomyocytes.
Among patients with PH, strains declined in all groups. However, strain significantly 
decreased at the basal region in CHD associated PH. Notably, the circulating miR-
21 was specifically elevated in patients with CHD. In the Ovine model, we observed 
markedly decreased systolic RV function at the basal region where miR-21 was up-
regulated. Interestingly, miR-21 over-expressed NRVM showed augmented mitosis but 
not cytokinesis. Consistent with in vitro data, RV cardiomyocytes isolated from the basal 
section from PAC animals revealed increased elongated multinuclear cells.
Collectively, we conclude that RV pressure overload leads to a significant functional 
decline at the basal region corresponding to the increased expression of miR-21. The 
miR21 mediated increase of mitosis but incomplete cytokinesis may contribute to the 
regional RV remodeling.
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ACTIVATED CONVENTIONAL DENDRITIC CELLS AS DRIVERS IN THE PATHOPHYSIOLOGY OF IDIOPATHIC PULMONARY 
ARTERIAL HYPERTENSION (IPAH)?
Koudstaal Thomas*[1], Van  Hulst Jennifer[1], Das Tridib[1], Heukels Peter[1], Merkus Daphne[2], De  Raaf Michiel[2], Bergen Ingrid[1], Harmjan Bogaard[3], Reis  E  Sousa Caetano[4], Van  Loo Geert[5], Hendriks 
Rudi[1], Boomars Karin[1], Kool Mirjam[1]

[1]Department of Pulmonary Medicine, Erasmus MC ~ Rotterdam ~ Netherlands, [2]Department of Cardiology ~ Rotterdam ~ Netherlands, [3]Department of Pulmonary Medicine, VUmc ~ Amsterdam ~ Netherlands, [4]Cancer 
research Centre UK, The Francis Crick Institute ~ London ~ United Kingdom, [5]VIB ~ Ghent ~ Belgium

The presence of tertiary lymphoid organs (TLOs) in lungs of IPAH patients suggests a 
prominent role for immunity in IPAH pathogenesis. Activated dendritic cells (DCs) are 
crucial drivers in the formation of TLOs.  The transcription factor NF-κB regulates DC 
activation. NF-κB activity is controlled by the deubiquitinating A20 enzyme (TNFAIP3), 
which provides a break on DC activation. 
We hypothesize that activated conventional DCs (cDCs), through reduced Tnfaip3 
expression, play an important role in PAH pathogenesis. 
In this study, we examined DC activation in peripheral blood (PB) of PAH patients and 
healthy controls (HC). To study the effect of Tnfaip3 deletion in conventional DCs (cDCs), 
we crossed Tnfaip3fl/fl mice with Dngr1-cre mice (targeting cDCs) generating Dngr1-
cre X Tnfaip3fl/fl (Tnfaip3DNGR1) mice. Mice were evaluated at 31 weeks of age. PAH 
development was monitored using Right Heart Catheterization (RHC), Echocardiography, 
lung histology, and cytokine expression.

TNFAIP3 mRNA expression was slightly decreased in PB mononuclear cells (PBMCs) 
of IPAH patients compared to HC. Particularly peripheral CD141+ cDCs (cDC1s) of 
IPAH patients showed an increased CD86 expression compared to HC. Tnfaip3DNGR1 
knock out (KO) mice showed increased RVSP and RV hypertrophy (RVH) compared to 
Tnfaip3DNGR1 wild-type (WT) mice. Pulmonary vessels of 31w Tnfaip3DNGR1-KO mice 
exhibited vascular remodeling and increased perivascular infiltration resembling TLOs. 
Interleukin-6 (IL-6) and IL-1β mRNA expression were enhanced in the RV and lungs of 
Tnfaip3DNGR1-KO mice in comparison to Tnfaip3DNGR1-WT mice.
In summary, cDC1s in PB of IPAH patients are more activated than HC cDC1s.  Activation 
of cDC1s through deletion of A20 in mice induces a PAH phenotype with pulmonary 
vascular cellular infiltrates and increased IL-6 expression. These data show that (auto)
immunity might drive the development of PAH pathology and that immune cell 
activation decreasing therapy might be beneficial.
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EXERCISE HEMODYNAMIC PREDICTORS OF PEAK OXYGEN CONSUMPTION IN IDIOPATHIC PULMONARY ARTERIAL 
HYPERTENSION
Machado  Ferreira Eloara*, M  S  Messina Carolina, K  F  Oliveira Rudolf, X  C  Fonseca Angelo, P  Ramos Roberta, S  Ota--Arakaki Jaquelina
Federal University of São Paulo (UNIFESP) ~ São Paulo ~ Brazil

Pulmonary arterial hypertension (PAH) is associated with  increased right heart afterload, 
right ventricular (RV) dysfunction and decreased exercise capacity. However, the 
hemodynamic mechanisms that dictate aerobic capacity in PAH, as measured by peak 
oxygen consumption (pVO2), are not completely characterized.
To evaluate the hemodynamic mechanisms during exercise that determine pVO2 in 
patients with established idiopathic PAH (IPAH).
21 patients with established IPAH were prospectively evaluated with standard 
resting right heart catheterization (RHC), followed by direct and dynamic pulmonary 
hemodynamic assessment during supine exercise (symptom-limited incremental step 
protocol, with 10W increases every 4 minutes, reaching a maximum of 40 W) and a 
contemporaneous maximum incremental cardiopulmonary exercise testing. 

86% of the sample was female, with a median age of 36 [30-42] years-old;  95% was in 
NYHA-FC II-III. The median pVO2 was 13 mL/Kg/min. Patients with pVO2 ≤13 mL/kg/
min had reduced cardiac index (CI) (2,6 [2,2-3,6] vs. 4,2 [2,8-4,7], p=0,035) and reduced 
RV stroke work index (RVSWI) (22±7 vs. 36±16, p=0,032) compared to patients with 
pVO2 >13 mL/kg/min.  By univariate analysis, exercise  CI, delta pulmonary vascular 
compliance (PVC), exercise RVSWI and  delta RVSWI were predictors of pVO2. By 
multivariate analysis, exercise RVSWI (OR 0.15, 95% CI [0.07-0.22], p=0.001) and PVC 
(OR -3,28, 95% CI: [-5.65-(-0.90)], p= 0.010) remained independent predictors of pVO2.
Increased RVSWI and decreased PVC during exercise are associated with reduced 
pVO2, suggesting that reduced pulmonary vascular reserve and RV-pulmonary vascular 
uncoupling determine exercise capacity in IPAH.
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POTENTIAL ROLE OF THE ARYL HYDROCARBON RECEPTOR IN PAH
Maclean Margaret*, Dean Afshan, Gregorc Teja, Docherty Craig
University of Glasgow ~ Glasgow ~ United Kingdom

Rats dosed with the vascular endothelial growth factor (VEGF) inhibitor Sugen 5416 
(Su), placed in hypoxia then restored to normoxia is a widely used model of pulmonary 
arterial hypertension (PAH). The mechanism by which Su exacerbates pulmonary 
hypertension is unclear. 
To investigated if Su-activation of aryl hydrocarbon receptor (AhR) contributes to 
development of PAH. AhR is involved in tumorigenesis and induces CYP1A1 which 
metabolises estrogen (E2); E2 metabolites may play a pathological role in PAH.
Rats were given an injection of Su 20mg/kg (s.c.) or 0.9% (s.c.) saline and exposed to 
hypoxia for 14 days then retained in normoxia for 6 weeks. Animals were dosed with the 
AhR antagonist CH223191 (8 mg/kg/day) in the final two weeks of normoxic exposure.  
Distal hPASMCs and human blood outgrowth endothelial cells (BOECs) were prepared 
from female PAH patients. Proliferation studies were carried out using manual cell 
counting and Countess II FL Automated Cell Counter. All studies have approval of the 

appropriate ethical committees.
CYP1A1 expression (protein and mRNA) were induced in the lungs of Su/hypoxic (Su/Hx) 
rats. The AhR antagonist CH223191 reversed the development of PAH and normalized 
lung CYP1A1 expression, increased E2 synthesis and AhR nuclear translocator (ARNT 
[HIF-1beta]) which is shared by HIF-1alpha and AhR. Su reduced HIF1alpha expression 
in hPASMCs. Su induced proliferation in BOECs and increased apoptosis in human 
pulmonary microvascular endothelial cells (hPMECs) and also induced translocation of 
AhR to the nucleus in hPASMCs. Under normoxic conditions, hPASMCs do not proliferate 
to Su. However when grown in hypoxia (1%) Su induced hPASMC proliferation. 
In combination with hypoxia, Su is proliferative in patient hPASMCs and patient BOECs 
and Su/Hx-induced PAH in rats may be facilitated by AhR-induced CYP1A1, ARNT and 
E2 synthesis. Inhibition of the AhR receptor may be a novel approach to the treatment of 
pulmonary hypertension.
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OSTEOPONTIN IN RIGHT VENTRICULAR REMODELING 
Mamazhakypov Argen*, Sydykov Akylbek, Tian Xia, Pradhan Kabita, Weiß Astrid, Seeger Werner, Weissmann Norbert, Ghofrani Ardeschir, Schermuly Ralph
Excellence Cluster Cardio-Pulmonary System, University of Giessen ~ Giessen ~ Germany

RV dysfunction is known to determine the survival and outcome of patients with 
pulmonary arterial hypertension (PAH). Circulating osteopontin (OPN) levels shown to be 
elevated in patients with PAH and to be correlated with right ventricular (RV) dysfunction 
in those patients. 
The objective is to investigate the role of OPN in the development of RV remodeling and 
dysfunction.
Immunohistochemistry, RT-PCR and ELISA were used to investigate the role of OPN on 
available samples of mouse subjected to 3 weeks of PAB

Immunostaining revealed prominent OPN reactivity in the interstitial tissue of the RV in 
mouse RV tissues subjected to 3 weeks of PAB. In addition, mRNA expression was also 
significantly increased in RV tissues from PAB mice compared to RV tissues from sham 
mice. In line with this observation, circulating OPN was higher in PAB mice compared to 
sham mice. 
Upregulation of OPN in the RV tissue at both protein and mRNA levels suggests 
involvement of OPN in RV remodeling. We are currently conducting studies to 
investigate the functional role of increased OPN levels in RV remodeling and dysfunction. 
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THE STIFFNESS OF THE PULMONARY ARTERY AS A MARKER OF RIGHT VENTRICULAR FUNCTION IN PATIENTS WITH 
PULMONARY HYPERTENSION
Moiseeva Olga*, Simakova Maria, Rygkov Anton, Kyzymly Aigun
Almazov National Medical Research Centre ~ Saint-Petersburg ~ Russian Federation

Pulsatility is one of the indicators of stiffness of the wall of the pulmonary artery. It is 
calculated during cardiac MRI by measuring the diameter of the pulmonary artery 
in different phases of the cardiac cycle. The association of pulsatility with pulmonary 
resistance has been shown in patients with PAH.
The aim of our work was to evaluate the association of pulsatility with the right ventricle 
function in patients with PH.
We examined 56 pts with PH (mean age 45,1±12,8 yrs; M:F=14:41): 32 with idiopathic 
pulmonary arterial hypertension, 5 with corrected congenital heart disease, 6 with 
scleroderma, 15 with chronic thromboembolic pulmonary hypertension (CTEPH). 30 % 
pts had symptoms of II FC WHO, 61 % pts III FC and 8 % pts IV FC. ECHO, 6MWT, RHC 
and MRI and were performed.  

The average value of pulsatility was 11.18% (6.81; 19.88) and did not differ in patients 
with different etiologies of PH. There were correlations between pulsatility and RHC 
parametrs: cardiac output, iPVR (r = 0,252, p <0,05; r =-0,321, p <0,05, respectively); 
with ECHO data: right atrium area (r=-0,296, p<0,05); right ventricle 4ch basal size 
(r=0,305, p<0,05); TAPSE (r=0,238, p<0,05), TAVS (r=0,353, p<0,05) and NTproBNP 
level (r=-0,356, p<0,05). Univariate logistic regression curves for TAVS and FAC show a 
linear relationship of right ventricle systolic function and pulsatility. There was correlation 
between the presence of systolic dysfunction of the right ventricle on MRI and pulsatility 
(χ2=8.2, p<0,05).
Such index of pulmonary artery stiffness as pulsatility calculated by MRI can be used for 
screening evaluation of right ventricle systolic function in PH patients. 
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THE CLINICAL VALUE OF ASSESSING RIGHT VENTRICULAR DIASTOLIC FUNCTION AFTER BALLOON PULMONARY 
ANGIOPLASTY IN PATIENTS WITH CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION
Moriyama Hidenori*, Murata Mitsushige, Tsugu Toshimitsu, Kawakami Takashi, Kataoka Masaharu, Hiraide Takahiro, Kimura Mai, Isobe Sarasa, Endo Jin, Kohno Takashi, Itabashi Yuji, Fukuda Keiichi
Keio University ~ Tokyo ~ Japan

Chronic thromboembolic pulmonary hypertension (CTEPH) has a poor prognosis 
because of the associated progressive right heart failure. Accurate evaluation of 
right ventricular (RV) function would thus be useful to predict prognosis. However, 
the significance of RV diastolic function and its correlation with echocardiographic 
parameters remains unclear. 
We aimed to identify which echocardiographic measures are most accurate, and 
potentially useful, in assessing RV diastolic function in patients with CTEPH, and to study 
the effects of balloon pulmonary angioplasty (BPA) on them.
We enrolled 53 CTEPH patients who underwent BPA. Echocardiographic parameters, 
including two-dimensional speckle-tracking echocardiography, were compared to the 
hemodynamic parameters measured by right heart catheterization before and after BPA. 
RV strain rate during early diastole (SR_E) was significantly correlated with the time 

constant of the RV pressure curve during diastole (tau) (r=-0.39, p <0.001), while right 
atrial area (RAA) was not. Furthermore, the receiver operating characteristic analyses 
revealed that E/SR_E had a stronger association with higher mean right atrial pressure 
(mRAP; >8 mm Hg) than RAA, although inferior vena cava (IVC) diameter had the 
strongest correlation with increased mRAP. In contrast, RAA had a stronger correlation 
with 6 minute-walk distance (6MWD) than SR_E. Both SR_E and RAA were ameliorated 
after BPA, concomitant with a decrease in tau, indicating the improvement of RV diastolic 
function. 
RV SR_E was significantly associated with tau in patients with CTEPH, while RAA was 
with 6MWD, indicating that these parameters would be beneficial in evaluating the 
therapeutic effects of BPA.
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HIGH-SENSITIVE CARDIAC TROPONIN T LEVEL IS A SURROGATE MARKER FOR RV FUNCTIONAL RECOVERY AFTER 
SUCCESSFUL BALLOON PULMONARY ANGIOPLASTY IN PATIENTS WITH CHRONIC THROMBOEMBOLIC PULMONARY 
HYPERTENSION
Murata Mitsushige*, Tsugu Toshimitsu, Hiraide Takahiro, Moriyama Hidenori, Kimura Mai, Isobe Sarasa, Kawakami Takashi, Kataoka Masaharu, Kohno Takashi, Itabashi Yuji, Fukuda Keiichi
Keio University ~ Tokyo ~ Japan

The prognosis of chronic thromboembolic pulmonary hypertension (CTEPH) is poor 
mainly due to RV failure. Although balloon pulmonary angioplasty (BPA) may improve 
hemodynamics, RV dysfunction could not be ameliorated in some patients probably 
due to the RV myocardial damage. However, its precise mechanism has not been fully 
established. 
The objectives were to investigate the association between RV function and myocardial 
damage.
We retrospectively studied 63 patients with CTEPH who underwent BPA. Assessments 
of RV hemodynamics and function were performed before, after, and 6 months after 
BPA. RV hemodynamics were evaluated by right heart catheterization. RV function was 
assessed by conventional echocardiographic parameters such as RV diameter, tricuspid 
annular plain systolic excursion, RV S’, and RV fractional area change. Furthermore, the 
two-dimensional speckle-tracking echocardiography was used to measure RV global 

longitudinal strain (RVGLS). 
Hemodynamic parameters such as mean pulmonary artery pressure and pulmonary 
vascular resistance (PVR) as well as all echocardiographic parameters were significantly 
improved immediately after BPA, and its effects were maintained at follow up after 6 
months. Among all cases, PVR was normalized after 6 months in 38 cases (60%). RVGLS 
at 6 months after BPA was inversely correlated with high-sensitive troponin T (hs-TNT) 
(r = 0.39, p = 0.004) and 6MWD (r =-0.35, p = 0.01) in these 38 cases. Among these, 
the patients with higher hs-TNT (> 0.014 ng/L, n=9) immediately after BPA showed 
worsening of RVGLS at 6M after BPA (-25.8% to -21.1%), while those with low hs-TNT 
(n=29) demonstrated further improvement (-23.6% to -24.4%), implicating that the 
ongoing RV myocardial damage would perturb the RV functional recovery after BPA.
BPA could improve hemodynamics and RV function in patients with CTEPH, and hs-TNT 
level after BPA might predict the restoration of RV function. 
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WNT-SIGNALING PATHWAY DRIVES RIGHT VENTRICULAR REMODELING
Nayakanti Sreenath Reddy*[1], Tretyn Aleksandra[1], Dabral Swati[1], Böhm Mario[2], Kojonazarov Baktybek[2], Janssen Wiebke[1], Seeger Werner[1], Schermuly Ralph[2], Pullamsetti Soni Savai[1]

[1]Max-Planck-Institute for Heart and Lung Research ~ Bad Nauheim ~ Germany, [2]Universities of Giessen and Marburg Lung Center (UGMLC), Member of the German Center for Lung Research (DZL) ~ Giessen ~ Germany

Wnt signaling pathway controls heart development but is also modulated during adult 
heart remodeling. Although much is known about mechanisms triggering left ventricular 
hypertrophy, little is known about signaling cascades leading to the right ventricle (RV) 
hypertrophy and failure.
To determine the role of Wnt signaling in RV fibrosis and failure in two different animal 
models: rat monocrotaline(MCT) model and pulmonary artery banding(PAB) model. 

In this study, we employed PAB and MCT animal models to induce RV hypertrophy 
and RV failure in rats and mice. PAB or sham operation was performed in BAT-Gal 
reporter mice to assess the in vivo activation of β-catenin signaling. Cardiac MRI, invasive 
hemodynamic measurements and molecular analysis were performed after 3 weeks 
in PAB- and sham-operated mice/rats respectively. The PAB and sham mice were 
randomized and treated for 2 weeks with LGK974 (Porcupine inhibitor) or vehicle. 

We found significant upregulation of several Wnt signaling molecules: GSK3β, β-catenin, 
Frizzled1 in the RV and fibroblasts isolated from RV of PAB and MCT rats. IHC analysis 
of hypertrophic human- and PAB BAT-Gal reporter mice- RVs also showed an increased 
β-catenin expression compared to their respective control RVs. Genetic inhibition of 
β-catenin or Wnt3a stimulation of RV fibroblasts significantly regulated collagen synthesis 
and fibroblast proliferation. Importantly, MRI data revealed a significant decrease in the 
RV mass, end diastolic volume, end systolic volume and an increase in ejection fraction 
of RV of LGK974-treated PAB mice, compared to vehicle-treated PAB mice. mRNA 
expression of β-myosin heavy chain, natriuretic peptides, collagen family members were 
significantly decreased in RV of LGK974-treated PAB mice, compared to vehicle-treated 
PAB mice.
Therapeutic targeting of WNT molecules and its downstream signaling could offer 
potential treatment strategies for RV fibrosis and failure
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THE RELATIONSHIP BETWEEN PULMONARY BLOOD FLOW AND PULMONARY MICROVASCULAR RECRUITMENT IN 
SUPINE EXERCISING HUMANS
Orfanos Stylianos*[2], Langleben David[1], Giovinazzo Michele[1], Schlesinger Robert[1], Blenkhorn Fay[1], Catravas John[3]

[1]Jewish General Hospital ~ Montreal ~ Canada, [2]Attikon Hospital ~ Athens ~ Greece, [3]Old Dominion University ~ Norfolk ~ United States of America

PAH causes marked reduction in perfusion of the pulmonary microvasculature. During 
exercise in humans, the increase in pulmonary blood flow is normally accommodated 
via recruitment of pulmonary microvessels and thus increased downstream perfused 
capillary surface area, and PAP remains low. It is not known in humans if the relationship 
between flow and perfused surface area is linear, or if it is directly proportional (i.e. 1:1).
Using a technique that sensitively measures the perfused functional capillary surface area 
(FCSA), we have studied 8 rare non-pulmonary hypertensive humans that underwent 
exercise-heart catheterization, and describe the flow-FCSA relationship. Their data will be 
used to compare to PAH patients.
We measured the first-pass transpulmonary metabolism of 3H-benzoyl-Phe-Ala-Pro, by 
the endothelial ectoenzyme, angiotensin converting-enzyme, at rest and at peak exercise 
using a bicycle ergometer during cardiac catheterization, and we calculated FCSA.

All subjects had mean PAP ≤ 25 mm Hg at rest; five had PAWP 15 mmg Hg or less. 
Three had PAWP 18-20 mm Hg. Mean exercise duration 836 seconds; mean workload 
60 W. FCSA levels at rest were normal. Cardiac output (CO) doubled from mean 5.97 L/
min to 12.5 L/min. FCSA increased 74%, from mean 2768 mL/min/m2 to 4836 mL/min/
m2. Increases in FCSA in relation to flow were similar in all subjects, regardless of resting 
PAWP. The data points described a well-fit linear relationship (r=0.91) with an equation 
FCSA = 327.7 CO + 776. 
The increase in FCSA was not fully proportionate (i.e. 1:1) to increased pulmonary blood 
flow (cardiac output). Thus, a doubling of flow does not result in a doubling of FCSA. 
The slope of the relationship is similar in every subject studied, suggesting it represents 
the physiology. The lung circulation accommodates increases in flow without requiring 
exaggerated increases in FCSA. This technique will be used to evaluate PAH patients.
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REGIONAL INHOMOGENEITY OF RIGHT VENTRICULAR CONTRACTION DURING HYPOXIC BREATHING BUT NOT DURING 
EXERCISE IN HEALTHY SUBJECTS
Pezzuto Beatrice*[1], Forton Kevin[2], Faoro Vitalie[2], Motoji Yoshiki[2], Badagliacca Roberto[3], Vizza Carmine Dario[3], Vachiéry Jean--Luc[5], Naeije Robert[4]

[1]Free University of Brussels-Dept of Exercise Physiology of the Faculty of Motor Sciences; Sapienza University of Rome - Dept. of Cardiovascular and Respiratory Sciences ~ Rome ~ Italy, [2]Free University of Brussels - Dept 
of Exercise Physiology of the Faculty of Motor Sciences ~ Brussels ~ Belgium, [3]Sapienza University of Rome - Dept of Cardiovascular and Respiratory Sciences ~ Rome ~ Italy, [4]Free University of Brussels - Dept of Exercise 
Physiology of the Faculty of Motor Sciences; Erasme Academic Hospital - Dept of Cardiology ~ Brussels ~ Belgium, [5]Erasme Academic Hospital of Brussels, Dept of Cardiology ~ Brussels ~ Belgium

Regional inhomogeneity of right ventricular (RV) contraction, or dyssynchrony predicts 
decreased exercise capacity and shorter survival in severe pulmonary hypertension (PH). 
There has been report of RV dyssynchrony in patients with borderline PH (mean pulmonary 
artery pressure-mPAP 20-25 mmHg) in the context of chronic lung disease or systemic 
sclerosis. The determinants of RV dyssynchrony remain incompletely understood.
To evaluate RV regional function in healthy subjects during acute hypoxia and during 
exercise.
Seventeen healthy subjects (24±6 yrs) underwent standard and speckle tracking 
echocardiographic (STE) evaluation of the RV at rest in normoxia, then every 15 min 
during a 60 min exposure to hypoxic breathing (FiO2 12%), and again after 15 min in 
normoxia. Ten of the subjects also underwent an incremental cycle ergometry by 20 W/2 
min in normoxia until 100 W, with standard and STE measurements at every workload. 
Dyssynchrony was measured as the SD of the times to peak systolic strain of the 4 basal 
and mid RV segments corrected for the heart rate (RVSD4).
RVSD4 increased during hypoxia from 12±7 ms to 27±8 ms (p<0.0001) in spite of an 
only mild increase in mPAP (normoxia 15±2 mmHg; hypoxia mean value 19±2 mmHg, 
p<0.0001) and pulmonary vascular resistance (PVR normoxia 1.18±0.15 WU; hypoxia 
mean value 1.4±0.14 WU, p<0.0001). During exercise RVSD4 increased from 12±6 ms 
to a maximum of 17±6 ms (p<0.05), while mPAP increased to 26±3 mmHg (p<0.0001) 
and PVR did not change (from 1.27±0.13 to 1.31±0.1 WU, p=NS). These results were 
confirmed when 3 of the healthy subjects who had a QRS>100 ms were excluded. 
In healthy subjects, RV contraction becomes markedly inhomogeneous in hypoxia despite an 
only mild increase in mPAP, and remains homogeneous or becomes only mildly inhomogeneous 
during strenuous exercise, in spite of a more important increase in mPAP. These results are to be 
explained by a combination of mechanical (RV afterload) and systemic (hypoxia) factors. 
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QUANTIFICATION AND VISUALIZATION OF PULMONARY VASCULAR RESPONSE TO NITRIC OXIDE USING COMPUTED 
TOMOGRAPHY
Rahaghi Farbod*[5], Winkler Tilo[2], Kohli Puja[3], Marti  Fuster Berta[4], Radhakrishnan Ramya[5], Blackwater Tyler[1], Ross James[4], Channick Richard[3], Harris R Scott[3], San  José  Estépar Raúl[4], Washko 
George[5]

[1]Harvard Medical School, Brigham and Women’s Hospital ~ Boston ~ United States of America, [2]Harvard Medical School, Massachusetts General Hospital, Anesthesia, Critical Care and Pain Medicine ~ Boston ~ United States 
of America, [3]Harvard Medical School, Massachusetts General Hospital, Pulmonary and Critical Care ~ Boston ~ United States of America, [4]Harvard Medical School, Brigham and Women’s Hospital, Department of Radiology ~ 
Boston ~ United States of America, [5]Harvard Medical School, Brigham and Women’s Hospital, Division of Pulmonary and Critical Care ~ Boston ~ United States of America

Inhaled nitric oxide (iNO) is a potent short acting pulmonary vasodilator often used during 
cardiac catheterization to examine the hemodynamic response to pulmonary vasodilation. 
In this study we demonstrate the use of computed tomographic to quantify the arterial and 
venous pulmonary vascular response to inhaled nitric oxide in four healthy subjects without 
evidence of cardiopulmonary disease. 
Non-contrast CT scans were obtained while supine prior to and during inhalation of nitric 
oxide at 30ppm and 80% oxygen. Vascular reconstructions were performed for both lungs and 
manually segmented into the arterial and venous vascular trees for the right lung.  Lung mass 
was computed from both Images. The CT scans were then transformed using image registration 
to spatially match the pre and post CT scans. This was used to align the vasculature and compute 
relative differences in vascular radius and the intensity of the parenchyma. Distal vasculature was 
defined as the blood volume of vessels with cross-sectional area of less than 5mm2 (BV5) as 
opposed to the total blood vessel volume (TBV).
There was a net gain in lung mass in all subjects (1.4%-7.7%). There was a gain in arterial BV5 
(11.0%-37.1%) and TBV(13.2%-23.7%). The venous response was not uniformly positive and 
lower in magnitude (-2.6%-12.7% BV5, 2.5%-5.7%  TBV).  In spatially matched vascular analyses, 
on average 589 arterial segments gained in radius size whereas 258 segments decreased in 
radius, with 247 segments identified that were not previously seen (Figure 1).  There was an 
average increase of 17 HU in the parenchymal voxel intensities in the lung. 
Using clinically available non-contrast CT scans there was an increase in lung mass and 
pulmonary vascular volume detected in response to inhaled nitric oxide. The response appears 
to be greater in the arterial than in the venous system. Vascular trees can be spatially matched 
and specific regional responses to nitric oxide were observed in these subjects. 
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ABNORMAL RESPONSE TO EXERCISE IN SYSTEMIC SCLEROSIS PATIENTS WITH NORMAL PULMONARY PRESSURES AT 
REST: A CASE-CONTROLLED STUDY
Rimouche Asma*[1], Caravita Sergio[1], Dewachter Laurence[2], Bondue Antoine[1], Vachiery Jean Luc[1]

[1]Erasme-ULB ~ Brussels ~ Belgium, [2]ULB ~ Brussels ~ Belgium

Pulmonary arterial hypertension (PAH) is a life-threatening condition occuring in 5 to 12% 
of patients with systemic sclerosis (SSc) that warrants early detection. Although resting 
echocardiography is the recommended screening tool, an “exaggerated” increase in mean 
pulmonary arterial pressure (PAPm) has been reported at exercise echocardiography (ExEcho). 
However, the clinical use of the latter has been limited by the lack of standardized protocol for 
exercise testing, the difficulty to establish limits of normal and the absence of control groups. In 
addition, few studies investigated the pulmonary circulation by multipoint relationship between 
PAPm and cardiac output during exercise (P/Q relationship). 
Our objective was to analyse the exercise response of asymptomatic patients with SSc using P/Q 
relationship generated by exercise echocardiography compared with controls.
Between August 2015 and April 2017, forty SSc patients with no significant lung or heart disease 
and 47 healthy volunteers underwent exercise testing in semi-recumbent position. Doppler 
Echocardiography was continuously recorded to generate P/Q relationship. In addition, all 
subjects performed a cardiopulmonary exercise test (CPET).
Individual curves of P/Q relationships are shown in figure1. Compared with controls, SSc patients 
had significantly lower workload at peak exercise (63±33 watts vs 134±44 watts; p=0,000). There 
was no significant difference in peak cardiac output (12±11 l/min vs 14±3 l/min; p=0,217). In 
contrast and despite a lower PAPm (30±4 mmHg vs 34±5 mmHg; p=0,000), the P/Q slope was 
significantly steeper in SSc (2,3±0,7mmHg/l/min vs 1,9±0,6 mmHg/l/min; p=0,007. During 
CPET, SSc patients had lower VO2 peak (18±7 ml/Kg/min vs 30±8 ml/Kg/min; p=0,000) as 
compared with controls.
Our results suggest that patients with systemic sclerosis have steeper P/Q slope compared 
with healthy subjects, suggesting a different response to exercise in this population, even in the 
absence of resting PH.
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ADAMTS8 PROMOTES THE DEVELOPMENT OF PULMONARY ARTERIAL HYPERTENSION AND RIGHT VENTRICULAR 
FAILURE -A POSSIBLE NOVEL THERAPEUTIC TARGET-
Satoh Kimio*[1], Omura Junichi[1], Kikuchi Nobuhiro[1], Satoh Taijyu[1], Kurosawa Ryo[1], Nogi Masamichi[1], Sunamura Shinichiro[1], Ohtsuki Tomohiro[1], Al--Mamun Elias[1], Siddique Mohammad Abdul Hai[1], 
Yaoita Nobuhiro[1], Miyata Satoshi[1], Hoshikawa Yasushi[2], Okada Yoshinori[2], Shimokawa Hiroaki[1]

[1]Department of Cardiovascular Medicine, Tohoku University Graduate School of Medicine ~ Sendai ~ Japan, [2]Department of Thoracic Surgery, Tohoku University Graduate School of Medicine ~ Sendai ~ Japan

Right ventricular (RV) failure is an important prognostic factor for pulmonary arterial hypertension 
(PAH). A disintegrin and metalloproteinase with thrombospondin motifs 8 (ADAMTS8) is a 
secreted extracellular enzyme and is expressed specifically in the lung and the heart. 
To explore a novel therapeutic target of PAH and RV failure.
We performed microarray analysis of pulmonary artery smooth muscle cells (PASMCs) from 
PAH patients and controls, and found a significant up-regulation of ADAMTS8 in PAH-PASMCs 
compared with controls. 
Protein levels of ADAMTS8 were also significantly increased in PAH-PASMCs compared 
with controls. Additionally, hypoxia increased ADAMTS8 protein in the lung in wild-type 
mice. To elucidate the role of ADAMTS8 in pulmonary hypertension (PH), we used vascular 
smooth muscle cell-specific ADAMTS8-deficient mice (ADAMTS8ΔSM22). ADAMTS8ΔSM22 
mice exposed to hypoxia for 4 weeks showed significantly reduced RV systolic pressure, RV 

hypertrophy, and vascular remodeling compared with controls. Moreover, ADAMTS8ΔSM22 
mice showed significantly reduced MMP activities and reactive oxygen species (ROS) levels 
in pulmonary arteries. Human recombinant ADAMTS8 (hrADAMTS8) activated MMPs and 
promoted proliferation in PAH-PASMCs. Additionally, hrADAMTS8 treatment inhibited VEGFR2/
AMPK signaling, reduced PA endothelial cell proliferation, and induced endothelial dysfunction. 
In contrast, PASMCs from ADAMTS8ΔSM22 mice showed reduced cell proliferation, migration, 
and ROS levels, which accompanied an improved mitochondrial function especially in hypoxia 
(1% O2).  Finally, there was no significant difference in RV systolic pressure between cardiac-
specific ADAMTS8-deficient mice (ADAMTS8ΔαMHC) and controls after chronic hypoxia for 4 
weeks, whereas ADAMTS8ΔαMHC showed enhanced angiogenesis, reduced ischemia/fibrosis, 
and resultant improved exercise capacity (treadmill) compared with controls.
ADAMTS8 could be a novel therapeutic target for PAH and RV failure.
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RIGHT VENTRICULAR CHARACTERISTICS IN EISENMENGER SYNDROME – ECG AND ECHO CORRELATIONS
Valkovicova Tatiana*[1], Kaldararova Monika[1], Reptova Adriana[1], Bohacekova Marcela[1], Bacharova Ljuba[2], Hatala Robert[1], Simkova Iveta[1]
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Eisenmenger syndrome (ES) represents severe irreversible pulmonary arterial hypertension 
(PAH) due to congenital heart defects. Despite severe hemodynamics patients show better 
clinical outcome and survival compared to other types of PAH, usually due to long-term 
preservation of good right ventricular (RV) function. This enables compensatory RV hypertrophy 
and less prominent RV dilatation.
Aim of the study was to correlate electrocardiographic (ECG) and echocardiographic (ECHO) RV 
characteristics.
Included were 52 patients (39 female/13 male) with ES, median age 45 years (24-78). Analyzed 
were RV parameters as follows: 1.ECG: Butler-Leggett formula (BL), Sokolow-Lyon criteria (SL), 
QRS duration (QRS, ms) and maximum spatial QRS vector magnitude (QRS max, mV); 2.ECHO: 
RV diameter (RVd, mm), RV wall thickness (RVAW, mm), RV function by the tricuspid annular 
plane systolic excursion (TAPSE, mm) and RV ventricular fractional area change (FAC, %).
Significant correlation of ECG indexes for RV hypertrophy (SL criteria, BL formula) with ECHO 
RVAW (P<0.0001) – Fig.1; and correlation of QRS and reverse correlation of QRS max with RVd 
was found (P=0.0012 and P=0.04, respectively) – Fig.2. While QRS >120ms correlated only with 
severely dilated RV (RVd >45mm), QRS max. <16mV correlated already with mild RV dilatation 
(RVd >33mm). No direct correlation with RV function was found.
Our study showed significant correlation of ECG and ECHO parameters. RV hypertrophy is here 
compensatory and therefore desirable. More important though is the recognition of patients 
with significant RV dilatation which seems to represent the more unfavorable setting. Some 
previous studies proved QRS duration >120ms as the indicator for severe RV dilatation, yet in our 
study this seems to be a late marker. On the contrary, QRS max decrease may possibly help to 
distinguish patients at higher risk.
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TRANSITION FROM POST- TO COMBINED PRE/POST-CAPILLARY PULMONARY HYPERTENSION: KEY ROLE OF 
ENDOTHELIN
Van  Duin Richard Wb*[1], Stam Kelly[1], Cai Zongye[1], Duncker Dirk Jan[1], Reiss Irwin Karl[2], Merkus Daphne[1]
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When left untreated, ‘passive’ post-capillary pulmonary hypertension (PH) can progress to 
combined pre/post-capillary or ‘active’ PH characterized by chronic pulmonary vascular 
constriction and remodeling which can eventually result in right heart failure and death.
To test the role of the vasoconstrictor endothelin (ET) in the progression from post-capillary PH to 
pre/post-capillary PH.
Piglets underwent banding of the confluent of both inferior pulmonary veins (PVB n=7), or 
sham-operation (SH n=6). Four weeks after surgery, all animals were chronically instrumented to 
longitudinally assess hemodynamics for an additional 8 weeks at rest and during exercise, before 
and after administration of ET receptor-antagonist Tezosentan. Plasma was collected over time. 
At sacrifice, the lungs were harvested for histology and pulmonary small arteries were isolated 
for wire-myograph experiments.  

PVB swine gradually developed PH with increased pressure (mPAP 40±7 vs 18±4mmHg) 
and resistance (tPVRi 250±62 vs 105±15mmHg·L−1·min·kg both p<0.01). Consistent with 
the increased ET plasma levels from week 10 onward (8.0±1.0 vs 4.0±0.9pg/ml p<0.05), the 
pulmonary vasodilator effect of tezosentan was bigger in PVB swine at week 10 at rest (ΔtPVRi: 
-33±9 vs -12±8mmHg·L−1·min·kg P<0.05), and at week 12 at rest and during exercise. Isolated 
vessel experiments showed decreased vasodilation to substance P (endothelial dysfunction) in 
PVB lower lobes vs SH lower lobes (50±5 vs 70±12%) and increased vasoconstriction to KCl in 
PVB swine (13.4±0.7 vs 7.9±0.7mN both p<0.05) consistent with increased muscularization seen 
with histology. Moreover, maximal vasoconstriction to ET was increased (17.5±0.7 vs 9.9±0.7mN) 
whereas ET sensitivity was decreased (LogEC50: -7.5±0.2 vs 8.3±0.2M).
PVB swine gradually developed pulmonary hypertension with vascular remodeling. From week 
10 onward, ET-activity was increased, initiating pre-capillary aspects to the originally isolated 
post-capillary PH.



Nice February 27-28 / March 1, 2018 89

February 27, 2018
CLINICAL SCIENCE - 04 PH HAEMODYNAMIC DEFINITIONS AND CLINICAL CLASSIFICATIONS AND 
CHARACTERISTICS OF SPECIFIC PAH SUBGROUPS 
ABSTRACT A88
PULMONARY HYPERTENSION IN TAKAYASU ARTERITIS
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Pulmonary hypertension (PH) can be seen in the course of TA. 
This study aimed to determine the frequency and the causes of PH in TA.  
Sixty-four(58 female)TA patients were consecutively evaluated by transthoracic 
echocardiography (TTE). Systolic pulmonary arterial pressure (sPAP) ≥ 40 mmHg by 
echocardiography were considered as PH. If performed ,right heart catheterization (RHC) results 
were also used to define PH. Clinical,imaging and laboratory results were obtained from hospital 
files. Patients treated with cyclophosphamide(CYC) and/or biologics were considered to have 
severe disease.
The median age (interquartile range) and disease duration were 41.6 (28.7-51.0) years and  48 
(24-108) months. By TTE evaluation there were 6(9.3%) patients with ≥40 mmHg. One patient 
had sPAP<40 mmHg by TTE but her mean PAP was 30 mmHg by RHC.In total,7 (10.9%) patients 
had PH.Among TA patients with PH; 3 were considered to have PH due to left heart disease 

(Group 2 PH), 2 due pulmonary arterial involvement (PAI)(Group 4 PH), 1 due to atrial septal 
defect (Group I PH) and 1 had combination of PAI, aortic insufficiency and pulmonary venous 
return anomaly. The most frequent vascular involvement type was type V in both PH and non 
PH groups. PAI was more frequent (42.9% vs 15.7 %) in patients with PH but the difference was 
not significant. There were no differences between patients with and without PH regarding age, 
sex, disease duration,presence of hypertension and diabetes mellitus, serum haemoglobin, 
C-reactive protein and erythrocyte sedimentation rate. The percentage of  patients treated with 
CYC and/or biologics was higher in the PH group (85.7% vs. 40.6%,p=0.015).One of the patients 
with group 4 PH has been on pulmonary arterial hypertension (PAH) specific agents (sequential 
combination with inhaled iloprost, sildenafil and bosentan) for 8 years.
TA patients with severe course or resistant to treatment are prone to have PH. All the potential 
causes of PH should be evaluated.
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A COMPARISON OF NT-PROBNP LEVELS IN PATIENTS WITH SSC-ASSOCIATED PAH AND PATIENTS WITH SSC–RELATED PH 
ASSOCIATED WITH LUNG DISEASE 
Aueyingsak Sahachat*(1), Khrisanapant Wilaiwan(1), Kukongviriyapun Upa(1), Pasurivong Orapin(1), Pussadhamma Burabha(2)
(1)  Department of Physiology, Faculty of Medicine, Khon Kaen University ~ Khon Kaen ~ Thailand 
(2)  Division of Cardiology, Department of Medicine, Faculty of Medicine, Khon Kaen University ~ Khon Kaen ~ Thailand

Systemic sclerosis (SSc) is a connective tissue disease that commonly leads to pulmonary 
hypertension (PH). N-terminal pro-brain natriuretic peptide (NT-proBNP) levels provide clinicians 
with prognostic information during follow-ups in PH patients. Differences in NT-proBNP levels 
between patients with SSc-associated pulmonary arterial hypertension (SSc-associated PAH) and 
patients with SSc–related pulmonary hypertension associated with lung disease (SSc-related PH-
LD) have never been studied previously
This study examined presence of such differences in the two subgroups of SSc patients.
Ten SSc-associated PAH and 12 SSc-related PH-LD patients aged 38 to 73 years with World 
Health Organization Functional Class II and III PH were enrolled to this study. All patients 
underwent right heart catheterization and spirometry. NT-proBNP levels were measured by 

Elecsys proBNP ELISA.
Mean differences and 95% confidence intervals (CI) of forced vital capacity (%predicted), mean 
pulmonary arterial pressure (mm Hg), and pulmonary vascular resistance (Wood units) were 
11 (2 to 21), 11 (7 to 15), and 3.4 (1.5 to 5.3), respectively. Median difference and 95% CI of 
NT-proBNP level (pg/ml) was 2035.5 (355 to 3341). All parameters were significantly higher in 
SSc-associated PAH patients than in SSc-related PH-LD patients.
The present study suggests that NT-proBNP levels may be ideal for differentiating between 
patients with SSc-associated PAH and SSc-related PH-LD, as NT-proBNP levels were 16.1 times 
higher in the former group of patients.
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RESULTS OF MEDIUM SEVEN YEARS’FOLLOW-UP IN SYSTEMIC SCLEROSIS PATIENTS WITH EXERCISE INDUCED 
PULMONARY HYPERTENSION MEASURED DURING RIGHT HEART CATHETERIZATION
D’’Angelo Luciana*, Garascia Andrea, Bruschi Eleonora, Musca Francesco, Epis Oscar Massimiliano, Moreo Antonella, Frigerio Maria
ASST Grande Ospedale Metropolitano Niguarda ~ Milan ~ Italy

Pulmonary arterial hypertension (PAH) is a frequent comorbidity in Systemic sclerosis (SSc) 
patients due to vascular disease envolvement. 
Until today prognostic value and therapeutic consequences of exercise-induced Pulmonary 
Hypertension in the setting of normal resting hemodynamics have not been elucidated.
We report follow up data of SSc patient with normal pulmonary pressure at rest that developed 
pulmonary hypertension (PH) during exercise 
8 consecutive SSc patients (pt) underwent basal and exercise right heart catheterism (RHC), 
according to bruce protocol on cyclette, from June 2009 and January 2010. Sclerosis mean 
years duration 16,5 (SD=10 years) with different autoantibodies pattern (5 pt positive for Anti-
cardiolipine 2 positive for Antinucleolus 1 positive for  AntiRNP antibodies). 
Pt currently afferrent to our polispecialistic ambulatory  for clinic and diagnostic Follow up. We 
report data of mean Follow up (FU) of 7,3 years.
7 of 8 patients developed exercise PAH (defined as PAP >30 mmHg and PVR>3 or CO <10). 
1 patient died 1 y later for primary brain tumor. None of remaining 6 patients developed failure 
of right ventricle systolic function and preserved normal pulmonary arterial pressure at rest (see 
all data on table 1) at echocardiographic examination.
As per guidelines raccomandations, after 4th Wold Symposium Pulmonary Hypertension, 
presence of pulmonary hypertension during exercise is no more considered a criteria in PAH 
diagnostic algorythm. Recent studies have shown that exercise induced pulmonary hypertension 
in Scc patients could predict outcome as maker of early stage of pulmonary vasculopathy also in 
patients with normal rest pulmonary pressure. In our study, also after a long follow up, increase 
in Pulmonary Artery pressure during exercise did not predict PAH and not influence right heart 
faliure developed.
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JOGJAKARTA CONGENITAL HEART DISEASE AND PULMONARY HYPERTENSION (COHARD-PH) STUDY: RESULTS FROM A 
SINGLE-CENTER NATIONAL REFERRAL HOSPITAL REGISTRY IN INDONESIA
Dinarti Lucia Kris*, Anggrahini Dyah Wulan, Hartopo Anggoro Budi
Department of Cardiology and Vascular Medicine, Faculty of Medicine Universitas Gadjah Mada - Dr Sardjito Hospital ~ Yogyakarta ~ Indonesia

Pulmonary hypertension (PH) frequently complicates adult with congenital heart disease (CHD) 
and may compel the patients to seek medical treatment due to its devastating symptoms. 
Jogjakarta COngenital HeARt Disease and Pulmonary Hypertension (COHARD-PH) registry is 
the first reported registry of CHD and PH in Indonesia. This registry has been conducted in Dr. 
Sardjito Hospital, Jogjakarta, Indonesia, which is a national referral hospital in the region. 
The study aims to characterize the incidence, demographics, clinical presentation, and outcomes 
for adult CHD and PH.
A single-center, observational, prospective cohort registry enrolled adult patients with CHD and 
PH. The subjects were enrolled consecutively. We included in the registry: (1) patient > 18 years 
of age and (2) patients have been performed echocardiography (TTE and TOE) and/or right 
heart catheterization (RHC) to confirm the CHD and/or PH. The enrollment and follow-up have 

been performed from July 2012 until July 2017.
A total of 680 patients have been enrolled. Of these, 555 patients (82%) are diagnosed as atrial 
septal defect, 68 patients (10%) as ventricle septal defect, 26 patients (4%) as patent ductus 
arteriosus, and 31 patients (4%) as idiopathic PH. The female are predominant (79.4 %). The 
mean age in the first diagnose is 35.63±13.42 years old. Transthoracal echocardiography 
estimates 539 patients (79,3%) were having PH probability. The RHC performed in 359 patients 
(52,8%) confirmed 240 patients (66,8%) had pulmonary hypertension. During follow-up, a total 
of 63 (9.27%) patients have died.
Jogjakarta COHARD-PH registry is the first Indonesian adult CHD and PH registry reported. The 
incidence, demographics data, clinical presentation, and outcomes of this registry are needed  
to be compared with other CHD-associated PH and PH registries. 
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THE MORTALITY OF PREGNANT PATIENTS WITH UNCORRECTED ATRIAL SEPTAL DEFECT IS INFLUENCED BY SEVERE 
PULMONARY HYPERTENSION – A SUBSTUDY OF JOGJAKARTA COHARD-PH REGISTRY   
Hartopo Anggoro Budi*, Anggrahini Dyah Wulan, Dinarti Lucia Kris
Department of Cardiology and Vascular Medicine, Faculty of Medicine Universitas Gadjah Mada ~ Yogyakarta ~ Indonesia

Adult with uncorrected atrial septal defect (ASD) will develop pulmonary artery hypertension 
(PAH). The undiagnosed ASD in childbearing-age women, especially in those who already 
developed PAH, will increase risk for maternal mortality. 
We aim to investigate the mortality among pregnant uncorrected ASD patients and factors that 
influence it.
This is the substudy of Jogjakarta COngenital HeARt Disease and Pulmonary Hypertension 
(COHARD-PH) Registry. The COHARD-PH registry was initiated in 2012 and comprised a single 
center registry in Dr. Sardjito Hospital Jogjakarta Indonesia, a national referral hospital. The data 
of pregnant uncorrected ASD patients is reviewed. The mortality during pregnancy and delivery 
in our hospital is recorded. The data of demographics, clinics, obstetrics and echocardiography 
is collected. The predictor of mortality based on the data is analysed.  Statistical significance is 

determined when p value < 0.05. 
From 2012 until July 2017, there are 65 pregnant uncorrected ASD patients, whom are referred 
from other hospitals. More than 80 % of them have developed PH. Six patients died in hospital. 
The significantly higher tricuspid valvular gradient, right ventricular systolic pressure and 
W.H.O functional class were encountered in patients who died. The mode of delivery among 
them was sectio caesarean (5 patients), while 1 patient undergo pervaginam delivery.  All 
deceased patients had severe pulmonary hypertension based on echocardiography parameter. 
Eisenmenger syndrome was detected in 5 patients who died (83 %). The causes of death were 
associated with oxygen desaturation and respiratory failure. 
The mortality of pregnancy among patients with uncorrected ASD is influenced by the severity of 
pulmonary hypertension, Eisenmenger syndrome and higher W.H.O functional class. 
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PULMONARY HYPERTENSION IN ASIA: INSIGHTS FROM AN ASIAN TERTIARY REFERRAL CENTRE
Hoo Teng Yik*[1], Chew Benjamin[1], Yap Jonathan[1], Ruan Wen[1], Teoh Jeremy[1], Wong Maggie[1], Wen Sewa Du[2], Phua Ghee Chee[2], Low Andrea[3], Tan Ju Le[1], Lim Soo Teik[1]

[1]Department of Cardiology, National Heart Centre Singapore ~ Singapore ~ Singapore, [2]Department of Respiratory Medicine, Singapore General Hospital ~ Singapore ~ Singapore, [3]Department of Rheumatology, Singapore 
General Hospital ~ Singapore ~ Singapore

Each subtype of pulmonary hypertension (PH) has distinct characteristics, prognosis and 
management plans. Data from Asia has hitherto been lacking.
We aim to describe our experience from an Asian tertiary PH referral centre.
Singapore is a multi-ethnic Asian country with two tertiary PH referral centres. Consecutive 
patients seen at our centre from Jan 2008 to Dec 2016 were included and retrospective review 
was performed. Types of PH was determined as per published guidelines, and primary outcome 
was all-cause mortality. 
A total of 306 patients were included (Group 1, 43%; Group 2, 8%; Group 3, 8%; Group 4, 13%; 
Group 5, 4%; Mixed group, 24%). Group 1 presented youngest (mean 49 years-old) and had 
most females (83%) while Group 2 presented oldest (mean 68 years-old). Group 1 had largest 
proportion of RV dilation, followed by Group 4, Group 3 and lastly Group 2 (90%, 67%, 47% 
and 29% respectively). Group 1 had highest mean pulmonary pressures (52±12mmHg) and 
pulmonary vascular resistance (11.5±6.7 Wood units) whilst Group 2 had lowest pulmonary 
vascular resistance (4.3±2.0 Wood units). Group 3 had highest 1-year mortality (27%), and Group 
1 patients with concomitant causes of PH fared worse than Group 1 alone (13% vs 4%). See Table 
1.
In our Asian cohort, the presentation and prognosis varied across the PH subtypes. Regardless, 
PH is a debilitating disease that requires prompt tailored treatment towards the specific cause.
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THE DISPROPORTIONAL INCREASE OF PULMONARY PRESSURE IS RELATED TO THE CLINICAL OUTCOMES IN PATIENTS 
WITH CHRONIC HEART FAILURE
Huang Wei--Ming*, Sung Shih--Hsien
Taipei Veterans General Hospital ~ Taipei ~ Taiwan

Pulmonary hypertension(PH) prevails in chronic heart failure(CHF) due to the backward 
transmission of the left ventricular filling pressure. The hemodynamics of the patients with heart 
failure and PH are characterized by either isolated post-capillary PH(Ipc-PH) or even worse 
combined pre/post-capillary PH(Cpc-PH).
Cpc-PH represents a disproportionate increase of the pulmonary pressure to the left atrial 
pressure, indicating pulmonary arterial remodeling. We therefore evaluated the prognostic 
impacts of such disproportion.
From August 2005 to December 2012, a total of 2068 subjects with CHF have undergone 
standard echocardiography. Pulmonary artery systolic pressure(PAPs), left ventricular ejection 
fraction(LVEF), and the ratio of early ventricular filling flow velocity(E) to the septal mitral annulus 
tissue velocity(e’) were obtained. PH was defined by a PAPs of >40 mmHg. The proportion of 
pulmonary pressure to the left ventricular pressure(PPLP) was calculated as the ratio of PAPs to 
E/e’.

In the study cohort of 1231 patients(72.1±13.8 years,61.6% men), 309 patients had PH. 
Patients with PH were older, and had lower hemoglobin and estimated glomerular filtration 
rate(eGFR), comparing to those without PH. In addition, patients with PH had higher risks of 
mortality(Hazard ratio and 95% confidence intervals: 1.830,1.332-2.513) during a mean follow-
up duration of 26.4±18.9 months. Among PH subjects, high PPLP was related to long-term 
mortality(1.191,1.082-1.309) after accounting for age, gender, hemoglobin, eGFR and LVEF, 
while E/e’ was not related to the outcomes. In contrast in those without PH, E/e’ but not PPLP was 
independently associated with the survival(1.059,1.018-1.1030). 

The presence of PH in CHF was related to higher risks of long-term mortality. Among those with 
PH, high PPLP represented the disproportion increase of PAPs to left ventricular filling pressure, 
indicating Cpc-PH, was further correlated with worse clinical outcomes.
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THE DETERMINANTS OF “OUT OF PROPORTION” PULMONARY HYPERTENSION IN PATIENTS WITH MILD CHRONIC 
OBSTRUCTION PULMONARY DISEASE
Huang Wei--Ming*, Sung Shih--Hsien
Department of Medicine, Taipei Veterans General Hospital ~ Taipei ~ Taiwan

While pulmonary arterial pressure has been associated with the severity of pulmonary functions 
in patients with chronic obstructive pulmonary disease (COPD), the “out of proportion” 
pulmonary hypertension (PH) is referred to those patients with mild lung disease but severe PH. 
The clinical risks related to the “out of proportion” PH in patients with COPD remains to be 
elucidated.
From August 2005 to December 2012, a total of 3057 subjects with COPD underwent 
pulmonary function tests and echocardiography. Total lung capacity (TLC), residual volume 
(RV), forced expiratory flow (FEF), forced expiratory volume in 1st second (FEV1), and forced 
vital capacity (FVC) were measured. Pulmonary artery systolic pressure (PASP), the ratio of 
early ventricular filling flow velocity (E) to the septal mitral annulus tissue velocity (e’) (E/e’), 
left ventricular ejection fraction (LVEF) and left ventricular mass (LVM) were obtained by 
echocardiogram. National Death Registry was linked for the identifications of mortality.

A total of 1340 patients (age 69.8 ± 15.0 years, 67% men) with mild COPD (FEV1/FVC < 
70% and FEV1 > 80% predicted) were included in this analysis, and 97 patients with PASP of 
>50mmHg were defined to have “out of proportion” PH. Comparing to the others, subjects 
with “out of proportion” PH were older, more likely to be men and have atrial fibrillation, higher 
E/e’, LVM and RV/TLC ratio, but lower FEF 25 to 75% and FEV1. In stepwise logistic regression 
analysis, the presence of atrial fibrillation (Odds ratio and 95% CI: 5.880, 2.213-15.625), E/e’ 
(1.085, 1.019-1.155), and FEV1% (0.963, 0.935-0.992) were independently associated with the 
“out of proportion” PH.
Among patients with mild COPD, the presence of atrial fibrillation and elevated E/e’ were 
predictive of “out of proportion” PH. Even in the absence heart failure, the study findings may 
support that the left heart disease as a major role in developing “out of proportion” PH in patients 
with COPD.
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IMPACT OF BLOOD VISCOSITY ON PULMONARY VASCULAR RESISTANCE IN PATIENTS ASSESSED FOR PULMONARY 
HYPERTENSION AT A LARGE TERTIARY CENTRE
Kempny Aleksander*, Dimopoulos Konstantinos, Mccabe Colm, Alonso--Gonzalez Rafael, Price Laura, Gatzoulis Michael, Wort Stephen J
Royal Brompton Hospital ~ London ~ United Kingdom

Pulmonary vascular resistance (PVR) is one of the most important parameters assessed on 
cardiac catheterization. It may help to confirm pulmonary hypertension (PH) or assess response 
to targeted PH therapy. It is also used to qualify patients (pts) with shunt due to congenital 
heart disease for repair (PVR<4.0 Wood Units, WU) or to qualify patients with heart failure for 
heart transplant (PVR<2.5WU). While PVR is believed to reflect mainly properties of pulmonary 
vasculature, it is directly proportional related to blood viscosity (BV), both in vitro and in vivo. 
We aimed to assess the difference between measured (mPVR) and viscosity corrected PVR 
(cPVR) at a large, tertiary PH centre. 
We analyzed complete electronic cardiac catheterization records between 2011 and 2017. 
Cardiac output was calculated using the Fick method. BV was calculated using the Matrai 
equation, while cPVR was calculated using the Poiseuille’s formula.
We assessed 531 catheterizations, performed in 459 pts (58.2% female, median age 65.1y 
[interquartile range (IQR) 52.5-72.4y]; WHO class I/II/III/IV in 0.8/7.5/86.1/5.6%, respectively). 
There were 212 (39.9%) pts in group 1 PH, 54 (10.3%) in group 2, 83 (15.6%) in group 3, 75 
(14.1%) in group 4, 58 (10.9%) in group 5, while 49 (9.2%) did not have PH.  
In 36% pts, mPVR significantly underestimated PVR by at least 2.0WU (Figure), while it 
overestimated PVR by more than 2WU in 7% of patients. In anemic pts, mPVR underestimated 
PVR in 94% (median difference 5.2WU [3.4-7.3]), while in pts with erythrocytosis, mPVR 
overestimated PVR in 51% pts. In pts with normal Hb, mPVR underestimated PVR in 29% and 
overestimated it in 2% pts. 
There is a clinically significant difference between mPVR and cPVR in 43% of pts assessed for PH. 
In the vast majority of anemic pts, mPVR significantly underestimates PVR, while in most pts with 
erythrocytosis, it overestimates PVR. Routine adjustment of PVR calculations for BV, thus, appears 
essential for all PH patients. 
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GENDER ASPECTS AMONG PATIENTS WITH IDIOPATHIC PULMONARY ARTERIAL HYPERTENSION IN THE MODERN 
TREATMENT ERA
Kjellström Barbro*[1], Hjalmarsson Clara[2], Kylhammar David[3], Bartfay Sven--Erik[2], Rådegran Göran[4], Nisell Magnus[5]

[1]Karolinska Institute ~ Stockholm ~ Sweden, [2]Sahlgrenska Universitetssjukhuset ~ Göteborg ~ Sweden, [3]Linköping Universitetssjukhus ~ Linköping ~ Sweden, [4]Skåne Universitetssjukhus ~ Lund ~ Sweden, [5]Karolinska 
Universityhospital ~ Stockholm ~ Sweden

Female patients with idiopathic pulmonary arterial hypertension (IPAH) have been found to 
have worse right ventricular function and higher pulmonary artery pressure at diagnosis, but 
better survival rates than males. However, previous studies included a rather young population 
compared to recent register reports and might not have reflected modern treatment strategies.
To investigate gender differences by age in an IPAH population diagnosed in the modern 
treatment era.
Incident patients diagnosed with IPAH 2008-2016, included in the Swedish PAH Register, were 
investigated. Demographics, comorbidities, WHO functional class, right heart catheterization, six 
minute walked distance (6MWD), echocardiography, blood tests and medical treatment were 
analysed. Survival by gender was investigated using Cox proportional hazard modelling. Values 
are presented as median [1st and 3rd quartile].
The study included 264 IPAH patients, whereof 56% were women. The median age was 68 [54-
75] years and 41% were <65 years.  

Among patients <65 y, 67% were women. Apart from women having worse exercise capacity 
(6MWD; 281 [197-471] vs. 435 [314-486] m, p=0.023), baseline characteristics did not differ 
between genders. Transplant-free 1, 3 and 5-year survival was similar between genders (women 
92, 83 and 71% vs. men 91, 86 and 86%).   
Among patients ≥65 y, 48% were women. Except from a slightly higher pulmonary vascular 
resistance in women (10 [8-13] vs. 9 [7-10] WU, p=0.020), baseline characteristics and transplant-
free 1, 3, and 5-year survival did not differ between genders (women 83, 59 and 54% vs. men 73, 
49 and 49%).  
Gender was not associated with survival in an independent manner neither in patients <65 y (HR 
0.75; CI 0.30-1.90; p<0.548), nor in patients >65 y (HR 1.43; CI 0.94-2.19; p=0.098).
Baseline characteristics and survival rates of IPAH patients diagnosed in the modern treatment 
era do not appear to be directly related to gender.
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CHARACTERISTICS OF PULMONARY ARTERIAL HYPERTENSION IN PATIENTS WITH SYSTEMIC SCLEROSIS AND 
ANTICENTRIOLE AUTOANTIBODIES
Kubota Kana*
Department of Cardiovascular Medicine, Graduate School of Medicine, The University of Tokyo ~ Bunkyo-ku, Tokyo ~ Japan

Anticentriole autoantibodies (Abs) positive systemic sclerosis (SSc) has been reported to merge 
pulmonary arterial hypertension (PAH) at a high rate. 
We describe two patients with anticentriole Abs-positive SSc-PAH who were treated with 
pulmonary vasodilators. 
Case 1 included resistance to combination therapy with pulmonary vasodilators; in Case 2, 
hemodynamic improvement was obtained by introducing upfront combination therapy at an 
early stage. 
First, this type of PAH was advancing quickly and combination therapy with pulmonary 

vasodilators was required from early onset. Second, these patients had poor specific physical 
findings to allow for a diagnosis of SSc, but instead PAH. Lastly, their %DLCO showed relatively 
low value, despite the absence of graphically significant IP and severe respiratory functional 
abnormalities.
Anticentriole Abs-positive SSc differs from other specific antibody-positive SSc in that PH tends 
to be severe and progress rapidly. Therefore, potent vasodilation therapy including a high 
dosage of parenteral prostanoids should be considered in patients with anticentriole Abs-
positive SSc-PAH.
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PH EXPERIENCE IN A TERTIARY CENTER
Kucukoglu Mehmet Serdar*, Umit Yasar Sinan, Palabiyik Mert, Cetinarslan Ozge, Demir Rengin
Istanbul University Institute of Cardiology ~ Istanbul ~ Turkey

PAH is a life threatening condition. It is a rare disease, with an estimated prevalence of 15-50 
cases per million. 
We aimed to share PAH experience in a tertiary center in Turkey.
Patients with an initial diagnosis of PH between 2008 and 2017 in Istanbul University Institute of 
Cardiology were included in this analysis. Patients with PH related to left heart diseases and lung 
diseases were excluded. Patient’s age, sex, demographic characteristics, functional capacity, 6 
minute walking test (6 MWT), brain natriuretic peptide levels, echocardiographic pulmonary 
artery pressures and right heart catheterization (RHC) results were recorded.
162 patients (71% female, mean age 52 ± 16) were diagnosed as PH between 2008 and 2017 in 
Istanbul University Institute of Cardiology, PH outpatient clinic. PH caused by left heart diseases 
and lung diseases were excluded. The most common reason of PH was APAH (46.7%), IPAH 
(39.5%) and CTEPH (13.8%) respectively. The functional capacity was NYHA I in 6.8% of patients, 
NYHA II in 38.4%, NYHA III in 51.4% and NYHA IV in 3.4%. Mean 6MWT was 353.7 ± 117 meter 
and BNP was 760 pg/ml. On transthoracic echocardiography (TTE), systolic pulmonary artery 
pressure (sPAP), diastolic PAP (dPAP), mean PAP (mPAP) were 85.3 ± 29.3 mmHg, 40.7 ± 16.4 
mmHg, and 57.2 ± 20.2 respectively. While tricuspid annular peak systoic excursion (TAPSE) was 
1.7±0.5 mm, pericardial effusion was seen 15.7% of patients. The heart rhythm was normal sinus 
rhythm in 82.7% of patients and atrial fibrillation in 17.3% of patients. At 10 years follow up 33 
patients were dead (23.6%). Final NYHA functional capacity (NYHA III-IV), pericardial effusion, 
final 6MWT, final BNP, uric acid levels, RVEF, TAPSE were correlated with mortality. In multivariate 
analysis final BNP and RVEF were the predictors of mortality.
Despite all improvement in diagnosis and treatment of PAH it has a high mortality and morbidity 
rate. Here, we want to share PH experience of a tertiary center.
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PULMONARY HYPERTENSION IN GREECE: PRELIMINARY DATA FROM A NATIONAL REGISTRY 
Manginas Athanasios*[9], Toumpourleka Maria[1], Giannakoulas George[1], Mouratoglou Sofia--Anastasia[1], Karvounis Haralambos[1], Demerouti Eftihia[2], Kariofillis Panagiotis[2], Athanasopoulos Georgios[2], 
Rammos Spyridon[2], Tsangaris Iraklis[3], Stagaki Eleni[3], Orfanos Stylianos[3], Pitsiou Georgia[4], Panagiotidou Evangelia[4], Mitrouska Ioanna[5], Avgeropoulou Ekaterini[6], Naka Katerina[7], Konstandinides 
Stavros[8], Anthi Anastasia[3]

[1]Aristotle University of Thessaloniki ~ Thessaloniki ~ Greece, [2]Department of Cardiology, Onassis Cardiac Surgery Center ~ Athens ~ Greece, [3]Attikon University Hospital ~ Athens ~ Greece, [4]Respiratory Intensive Care Unit, 
Aristotle University of Thessaloniki, G.H. “G. Papanikolaou” ~ Thessaloniki ~ Greece, [5]Pulmonary Department, University Hospital of Heraklion, Medical School, University of Crete ~ Heraklion ~ Greece, [6]Cardiology Department, 
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Up to date, there are very few data on patients with pulmonary hypertension in Greece, mostly 
from single-center studies and small case series. 
The Greek PH registry has been established in order to provide the updated characteristics of 
this population on a national scale.
Nine centers enrolled all patients diagnosed with PH (mainly group 1 and 4, 86.1%), according 
to current guidelines, in a retrospective and prospective manner, from February 2015 until 
August 2017. Baseline characteristics, data from diagnostic right heart catheterization, as well as 
treatment initiated within first 3 months of diagnosis were collected.
Among 324 patients enrolled, mean age was 58.0±15.7 years, and 205 (63.3%) were women. Of 
those, 213 (65.7%) had pulmonary arterial hypertension (PAH) (mean age 57 ±15.4 years, 137 
(64.3%) women), and 66 (20.3%) had chronic thromboembolic pulmonary hypertension (CTEPH) 
(mean age 62.3±16.3 years, 40(60.6%) women). The most common PAH subsets were idiopathic 
PAH (n = 75, mean age 57±13.1 years, 40(53.3%) women), PAH associated with congenital 

heart disease (n = 64, mean age 47.9±18.8 years, 39(60.9%) women) and PAH associated with 
connective tissue disease (n = 64, mean age 61.5±12.7 years, 52 (81.2%) women). Mean six-
minute walk distance was 383.7 ±115.5 meters, while median values of NTproBNP were 515 
(IQR 165, 1935) pg/ml, and median values of mean pulmonary artery pressure were 43 (IQR 34, 
53) mmHg. Within first 3 months, 67.2% of the population received treatment with endothelin 
receptor antagonists, 45.3% received phosphodiesterase type 5 inhibitors, 10.6% received 
prostacyclin analogues, and 12.1% received riociguat. In total, almost one quarter of patients 
were on dual combination and 6.4% were on triple PAH specific therapy. 

The Greek national PH registry is a successful project that continues patient enrollment and 
will provide insight on patient characteristics, diagnosis and management in this national 
contemporary patient population. 
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PREVALENCE AND CORRELATES OF OBESITY IN PRECAPILLARY PULMONARY HYPERTENSION
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In the past two decades, major changes have occurred in the epidemiological characteristics of 
patients with pulmonary arterial hypertension (PAH). 
The aim of this study was to investigate the prevalence and correlates of obesity in this modern 
era.  

This is a retrospective observational study of 212 patients with PH group 1, from the Greek PH 
national registry. Obese patients (BMI > 30 kg/m2) were compared to non-obese, with respect to 
baseline characteristics and diagnostic right heart catheterization data. 

Obese patients [n = 62, median BMI 33.0 (IQR 21.9, 27.4) kg/m2] represented 29.2% of our 
population, were older [mean age 59.0 (SD 13.2) vs 54.1(SD 16.1) years, p=0.039] and had 

worse exercise capacity [six-minute walk distance 351.2(SD 109.7) vs 399.2(SD 108.8) meters, 
p=0.018] compared to non-obese patients [median ΒΜΙ 23.7 (IQR 21.6, 26.1) kg/m2]. Regarding 
hemodynamics, obese patients had higher pulmonary artery wedge pressure [median PAWP 12 
(IQR 10, 13) vs 10(IQR 8, 14) mmHg, p= 0.026) and lower pulmonary vascular resistance values 
[median PVR 6.80 (IQR 4.36, 9.80) vs 8.7 (IQR 5.73, 11.84) WU, p=0.004). Furthermore, BMI was 
correlated with PAWP (r = 0.23, p = 0.002) irrespective of group. However, hemodynamic values 
known to be prognostic of disease severity (right atrial pressure, cardiac index and SVO2) did not 
differ between the two groups.  

Obese patients represent more than one quarter of the PAH population in Greece, are older, 
with worse exercise capacity, higher PAWP and lower PVR compared to non-obese patients. 



Nice February 27-28 / March 1, 2018 103

February 27, 2018
CLINICAL SCIENCE - 04 PH HAEMODYNAMIC DEFINITIONS AND CLINICAL CLASSIFICATIONS AND 
CHARACTERISTICS OF SPECIFIC PAH SUBGROUPS 
ABSTRACT A102
ECHOCARDIOGRAPHIC ASSESSMENT OF RIGHT VENTRICULAR COUPLING TO PULMONARY CIRCULATION IS ASSOCIATED 
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Right ventricular coupling to pulmonary circulation is an important index of right ventricular 
function.
This study sought to investigate whether noninvasive assessment of coupling of right ventricular 
(RV) contractile function and pulmonary circulation can stratify patients with precapillary 
pulmonary hypertension (PH) to clinical and hemodynamic phenotypes.
This is retrospective study of 95 patients with Group 1 or 4 PH from the Greek national PH 
registry, who underwent transthoracic echocardiography and right heart catheterization. 
Tricuspid annular plane systolic excursion (TAPSE) and pulmonary artery systolic pressure (PASP) 
were investigated with echocardiography and patients were stratified to tertiles according to 
TAPSE/PASP ratio (1: <0.23 mm/mmHg, 2: 0.23 to 0.34 mm/mmHg, 3: >0.34 mm/mmHg). 

Groups did not differ regarding baseline characteristics or comorbidities. TAPSE/PASP ratio 
was correlated with six-minute walk test distance (r = 0.28, p = 0.013). As the ratio decreased, 
worse hemodynamic parameters were observed. In specific, the correlation was stronger for 
mean right atrial pressure (r = -0.314, p = 0.002), mean pulmonary arterial pressure (mPAP) (r = 
-0.574, p < 0.001) and pulmonary vascular resistance (r = -0.4476, p <0.001). In stepwise linear 
regression analysis, Akaike’s information criterion (AIC) indicated that TAPSE/PASP ratio was a 
better predictor of mPAP (R-squared = 0.33, p<0.001) compared to TAPSE (R-squared = 0.13) or 
PASP (R-squared = 0.27) separately.
TAPSE/PASP ratio might be an emerging non-invasive index of hemodynamic phenotypes in 
patients with pulmonary arterial hypertension. 
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THE BLOOD COUNT LEVELS, MEAN PULMONARY ARTERY PRESSURE AND SIX MINUTE WALK TEST AMONG ADULT 
FILIPINOS WITH PULMONARY HYPERTENSION ASSOCIATED WITH CONGENITAL HEART DISEASES: RESULTS FROM THE 
PHILIPPINE HEART CENTER – CENTER FOR PULMONARY VASCULAR DISORDERS 
Mateo Maria Paz*
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Forty one (41) patients with uncorrected congenital heart diseases were seen, 10 (24.4%) are 
males and 31 (75.6%) are females. Mean age of 28 + 9.1 years old. There were 23 (56.1%) 
patients have atrial septal defect (ASD), 14 (34.2%) have ventricular septal defect (VSD) and 6 
(14.6%) have patent ductus arteriosus (PDA). The mean hemoglobin value was 156.13, mean 
hematocrit was 0.47, mean PAP was 76.09 mmHg and the mean of 6 minute walk test of 267.13 
meters. All patients (100%) were on New York Heart Association (NYHA) functional class III – 
IV, with severe hemodynamic status. In all patients, the hemoglobin (0.2151) and hematocrit 
(0.2383) have a positive direct correlation with the mean pulmonary artery pressure (mPAP). 
Patients with PDA have higher mPAP followed by VSD and ASD. The hemoglobin (-0.30942) 

and hematocrit (-0.34364) have a negative direct correlation with 6 minute walk test), however, 
patients with PDA walked longer than that of VSD and ASD in 6 minutes.  

Patients with congenital heart diseases will develop pulmonary hypertension in time. This is a 
limited study on patients with congenital heart disease with uncorrected defects. This study 
showed that the hemoglobin and hematocrit levels correlate with the values of the mean 
pulmonary artery pressure and the six minute walk test. Among all patients with uncorrected 
congenital heart disease, the mean pulmonary artery pressure is higher with higher hemoglobin 
and hematocrit level but with shorter six minute walk in meters.
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COMPARISON OF CARDIAC OUTPUT DETERMINATION BY THE INDIRECT FICK AND THE THERMODILUTION METHOD IN 
PATIENTS WITH PULMONARY ARTERIAL HYPERTENSION
Mouratoglou Sophia Anastasia*, Doundoulakis Ioannis, Christos Feloukidis, Bazmpani Maria Anna, Alexandra Arvanitaki, Maria Toumpourleka, Vasileios Grosomanidis, Stavros Hadjimiltiades, 
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Cardiac output (CO) is a significant predictor of outcome in pulmonary arterial hypertension 
(PAH) and it is widely used in decision making in goal-oriented treatment strategies. Direct Fick 
equation is considered the gold standard method for CO estimation. However, its use remains 
difficult in everyday practice due to the lack of equipment. Despite the importance of its accurate 
measurement in PAH, there is a remarkable variability in the CO measurement methods used in 
clinical practice and research.
The aim of our study is to compare the indirect Fick and the thermodilution method in PAH 
patients.
This is a retrospective cross-sectional study enrolling patients with PAH. Patients with uncorrected 
cardiac shunts or severe tricuspid valve regurgitation were excluded. All patients underwent 
right heart catheterization (RHC) for the determination of CO with both thermodilution and 
the indirect Fick equation. The latter was calculated by the LaFarge equation: CO=BSA*[138.1-
(a*lnage)]+0.378*HR/Hb*1360(SpO2arterial–SpO2venous), where BSA:body surface area, 
a:fixed factor (17.04 for women, 11.49 for men), HR: heart rate, Hb: hemoglobin, SpO2: oxygen 
saturation.
Our study included 50 patients (42 women, mean age 60.2±12.9 years) that underwent in total 
80 RHC. The regression analysis of thermodilution and Fick CO revealed good correlation 
(r2=0.799, p<0.0001) (Figure A). However, thermodilution CO values were higher compared to 
those calculated with Fick equation (5.4±1.7l/min vs 4.5±2.3l/min). In Bland-Altman analysis the 
two methods had an acceptable bias of 0.7885l/m, meaning that indirect Fick had a tendency to 
underestimate thermodilution CO by 0.79±1.36l/min, but with broad limits of agreement (95% 
CI -1.876 - +3.453) (Figure B). 
Although thermodilution is the preferred method of CO estimation in the absence of direct Fick, 
indirect Fick equation can provide an accurate CO estimation in PAH patients.
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PULMONARY ARTERIAL HYPERTENSION IN IGG4-RELATED DISEASE: ALL ABOUT THE EPOPROSTENOL?
Ruopp Nicole*, Farber Harrison
Boston University ~ Boston ~ United States of America

IgG4-related disease (IgG4-RD) is a multi-system disease involving tumor-like lesions with 
lymphoplasmacytic infiltrates of IgG4 positive plasma cells, storiform fibrosis, and often, elevated 
IgG4 levels. Pulmonary arterial hypertension (PAH) in the setting of IgG4 disease has been 
reported in case reports; however, its role in this disease remains unclear.  

Herein we present a case of idiopathic PAH (IPAH) treated with long-term epoprostenol with the 
subsequent development of IgG4-RD. 
A 56-year-old Vietnamese female with IPAH treated with long-term, stable-dose epoprostenol 
presented with unilateral LE edema and was found to have a retroperitoneal mass compressing 
her left ureter and left iliac vein. Biopsy demonstrated fibrosis and a lymphoplasmacytic infiltrate 
of IgG4+ plasma cells. A serum IgG4 was 1,079 mg/dL; rheumatologic testing was negative. 
Treatment of the retroperitoneal fibrosis secondary to IgG4-related disease with rituximab 

resulted in near complete resolution of her retroperitoneal mass and normalization of serum 
IgG4 level. Her PAH remained stable throughout this course. 
Seven cases of IgG4-RD associated with PAH have been reported in the literature, all from Japan, 
of which, five were patients on long-term epoprostenol with a diagnosis of IPAH or hereditary 
PAH as in this case. Epoprostenol has been implicated as a risk factor for IgG4-RD through 
upregulation of the Th2 immune response, though evidence for this is largely circumstantial. 
While pathologic specimens have been limited, both pulmonary arterial and venous 
lymphoplasmatic infiltrates of IgG4 plasma cells have been described, leading to questions 
about the heterogeneity of PAH in IgG4-RD. Treatment of IgG4-RD has only been associated with 
improvement or resolution of the PAH in one of these cases. 
PAH in the setting of IgG4-RD remains a poorly described entity and the role of epoprostenol in 
its development remains unclear.
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PULMONARY ARTERY DILATATION PROGRESS IN PATIENTS WITH PULMONARY HYPERTENSION COEXISTING 
PULMONARY ARTERY ANEURYSM -POSSIBLE INVOLVEMENT OF PROSTAGLANDIN E RECEPTOR TYPE 4 
OVEREXPRESSION-
Satoshi Akagi*[1], Kazufumi Nakamura[1], Utako Yokoyama[2], Shingo Kasahara[3], Toshihiro Sarashina[1], Kentaro Ejiri[1], Hiroshi Ito[1]
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Pulmonary artery (PA) dilatation is usually observed in patients with pulmonary hypertension (PH), 
but the formation of a PA aneurysm (PA diameter > 40mm) is rare in patients with PH. Differences 
in characteristics of patients with and without progression of PA diameter is not well understood. 
Furthermore, the pathological background of PA aneurysm in patients with PH remain poorly 
understood.
To assess the changes in PA diameter in patients with PH and to determine the histological 
characteristics of PA aneurysm using samples from patients with PH in whom PA aneurysm was 
operated.
We investigated the changes of PA diameter by multi-detector computed tomography which 
was performed two times at intervals of one year or longer in 44 patients. 17 patients had a PA 
aneurysm and 27 patients did not have a PA aneurysm at diagnosis of PH. We also investigated 
prostaglandin E receptor type 4 (EP4) expression by immunohistochemistry.

The median follow-up period was 3.6 years. All patients received with medical treatment of PH. 
Mean PA pressure significantly decreased both in patients with a PA aneurysm (from 61±15 
mmHg to 44±11 mmHg, P=0.01) and in patients without a PA aneurysm (from 51±16 mmHg 
to 41±18 mmHg, P=0.01). Main PA diameter significantly increased in patients with a PA 
aneurysm (from 54±14 mm to 65±28 mm, P=0.02), while it did not change in patients without a 
PA aneurysm (from 33±3 mm to 32±3 mm, P=0.10). In histological analysis, moderate to severe 
elastic fiber degradation was observed in the area of the PA aneurysm. Immunohistochemistry 
demonstrated that EP4 expression was enhanced in the area of the PA aneurysm, while EP4 was 
not expressed in normal elastic fibers in PA.
PA dimeter progressively increases in patients with a PA aneurysm at diagnosis of PH. The 
progression of PA diameter might be associated with EP4 overexpression of a PA aneurysm in 
patients with PH.
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DIFFERENTIAL INCREASE IN CIRCULATING PAN VEGF-A AND VEGF-A165B LEVELS AMONG SUBTYPE OF PULMONARY 
HYPERTENSION
Shigetake Shimokata*[1], Ryosuke Kikuchi[2], Shiro Adachi[3], Naoki  Okumura Okumura[3], Fumitaka Tajima[1], Yoshihiro Kamimura[1], Yoshihisa Nakano[1], Takahisa Kondo[3], Toyoaki Murohara[1]
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Pulmonary hypertension (PH) is characterized by morphological and functional dysregulation 
of small pulmonary arteries. Loss of microvessels and plexiform lesion formation are observed 
when disease progresses, and role of vascular endothelial growth factor A (VEGF-A) were 
suggested. However, plasma levels of pan VEGF-A or VEGF-A165b and PH-subtypes are still 
unclear.
We investigated whether circulating levels of pan VEGF and VEGF-A165b are related to PH-
subtypes.
We enrolled 54 patients with pulmonary arterial hypertension (PAH), lung disease associated PH 
or chronic thromboembolic pulmonary hypertension (CTEPH) and 33 control subjects without 
PH at Nagoya University Hospital between July 2015 and September 2016. Circulating pan 
VEGF-A and VEGF-A165b levels were measured using by an enzyme-linked immunosorbent 
assay
There were 40 females (74.1%) and 14 males (25.9%) in PH subjects.  
There were 26 subjects (48.1%) with group 1(PAH), 3 subjects (5.6%) with group 3 (lung disease 

associated PH) and 25 subjects (46.3%) with group 4 (CTEPH), respectively. There were no 
significant differences in other laboratory data between the PH group and the control group 
except for BNP levels, pan VEGF-A and VEGF-A165b. The pan VEGF-A levels and VEGF-A165b 
levels were significantly increased in PH compared to control (p = 0.001, p<0.001, respectively). 
Pan VEGF-A levels and VEGF-A165b levels did not differ between idiopathic pulmonary arterial 
hypertension and control (p = 0.432). However, pan VEGF-A levels and VEGF-A165b levels were 
significantly higher in subjects with connective tissue disease (CTD)-associated PAH and CTEPH 
compared to control subjects (p= 0.017, p = 0.003, respectively). The sub-analysis showed that 
VEGF-A165b in CTD-associated PAH was significantly increased among other etiologies of PH 
(p= 0.018).  

Our data indicated that circulating levels of pan VEGF-A and VEGF-A165b might serve as non-
invasive markers to delineate PH classification.  
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SEVERE PULMONARY ARTERIAL HYPERTENSION IN PATIENTS TREATED BY CHINESE HERB NATURE INDIGO: QING-DAI
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Qing-Dai (also known as indigo naturalis) is traditionally used in Chinese herbal medicine for 
various inflammatory diseases such as refractory inflammatory bowel diseases (IBD). However, 
several cases of pulmonary hypertension (PH) have been recently associated with Qing-Dai use 
in Japan. 
This study aimed to describe the clinical and hemodynamic characteristics in Japanese patients 
with Qing-Dai associated PH. In addition, we studied the effect of Qing-Dai on human pulmonary 
endothelial cell (EC) apoptosis in vitro.
We used the Japanese national survey and PH registry. The effects of the main component of 
Qing-Dai named indirubin on apoptosis of primary cultures of human pulmonary ECs were 
measured using: (i) flow cytometry with Annexin V-FITC coupled propidium iodide (PI) double 
staining; (ii) Western blot with antibodies against cleaved caspase-3. 

From 2010 to 2017, 11 incident PH cases in patients with refractory IBD exposed to Qing-Dai at 

the time of PH diagnosis were identified. At the time of PH diagnosis, mean pulmonary arterial 
pressure (mPAP) was 48.6 ± 11.6 mmHg and pulmonary vascular resistance (PVR) was 1025.5 
± 690.4 dyne sec/cm5. All cases were treated with pulmonary arterial hypertension (PAH) 
specific drugs and 7 cases discontinued taking Qing-Dai. After Qing-Day discontinuation, 7 
cases achieved great improvement of PH (mPAP 48.9 ± 13.4 versus 18.9 ± 5.7 mmHg). On the 
contrary, 4 patients who continued to take Qing-Dai during PH therapy had poorer outcomes 
at follow-up (mPAP 48.3± 9.3 versus 33.8 ± 12.2 mmHg). Furthermore, we found in vitro that 
indirubin treatment induced pulmonary EC apoptosis in a dose-dependent manner.
Our study is the first report documenting that Qing-Dai intake may induce severe precapillary 
PH. Improvement is usually observed after discontinuation of Qing-Dai. Pulmonary EC apoptosis 
induced by indirubin could represent one potential mechanism of vascular toxicity that may be 
associated with Qing-Dai intake. 
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CLINICAL CHARACTERISTICS AND SURVIVAL OF ASIAN PATIENTS WITH PULMONARY ARTERIAL HYPERTENSION
Yap Jonathan*[2], Hoo Teng Yik[2], Teoh Jeremy[2], Chew Benjamin[2], Sewa Duu Wen[1], Phua Ghee Chee[1], Low Andrea[3], Lim Choong Hee[2], Tan Ju Le[2], Wong Maggie[2], Ruan Wen[2]
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Pulmonary arterial hypertension(PAH) encompasses a heterogeneous group of patients. Studies 
from Asia are limited. 
We aim to describe the clinical characteristics and outcomes of Asian PAH patients.
Consecutive patients seen at our multi-ethnic tertiary pulmonary hypertension centre from 
2008 to 2016 were included and categorized as idiopathic PAH (iPAH), congenital PAH and 
PAH related to connective tissue disease (CTD) as per published guidelines. CTD patients were 
further stratified into those with/without interstitial lung disease (ILD). Primary outcome was 
1-year mortality.
158 patients were included (iPAH 30.4%, congenital 39.2%, CTD 30.4% (18.4% with ILD)). 
iPAH group had more patients with RV dilation (100%vs97%vs49%,p<0.001), RV dysfunction 
(54%vs45%vs24%,p=0.033) and pericardial effusion (48%vs23%vs20%,p=0.021) as compared 
to congenital and CTD patients respectively. Congenital patients had higher mean PA 
compared to iPAH and CTD (56vs50vs41mmHg,p<0.001). No significant difference in PVR 
was seen (p=0.064).  Table 1 shows proportions of patients on PAH-specific therapy. 1-year 
mortality was 6.3%, 1.6%, 10.4% in the iPAH, congenital and CTD groups (p=0.220). In the 
CTD group, ILD patients had lower mean PA pressure (37vs50mmHg,p=0.003) and PVR 
(6.7vs11.2Woods,p=0.013). The ILD group showed a trend towards increased mortality at 1 year, 
but this was not significant (17%vs0%,p=0.303)
The various PAH subgroups showed significant clinical heterogeneity. At 1-year, interesting albeit 
non-significant trends in mortality were observed. Longer follow-up may further clarify these 
mortality trends.
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THE STRUCTURAL-FUNCTIONAL STATE OF THE SYSTEMIC CIRCULATION ARTERIES IN PATIENTS WITH PULMONARY 
ARTERIAL HYPERTENSION
Zhyvylo Iryna*, Sirenko Yurii, Radchenko Ganna
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The aim of the research was to study the elastic properties of the systemic circulation arteries in 
patients with pulmonary arterial hypertension (PAH).
111 patients were examined: 30 of them were with idiopathic PAH (IPAH) (1st group), 30 
patients with PAH, associated with congenital heart disease (2nd group), 26 patients with arterial 
hypertension (3rd group) and 25 healthy controls (group 4). Pulse wave velocity was measured 
in the arteries of muscular (PWVm) and elastic types (PWVe), also we measured cardio-ancle 
vascular index (CAVI).
PWVe was 26% higher in patients with AH than in patients with IPAH, and 44% higher than in 
patients with PAH associated with CHD. Right CAVI in patients with IPAH was equal to those in 
AH patients (7,03±0,20 versus 7,19±0,14, p> 0,200) and 16% higher than in the control group. 

Left CAVI in patients with IPAH was similar to that in AH patients (7,22±0,20 versus 7,20±0,20, 
p> 0,200) and 17% higher than in the control group. Patients with reduced (<330m) functional 
abilities (FA) compared with patients with stored (> 330m) FA, had significantly higher arterial 
stiffness: the level of right СAVI was 7,73±0,14 VS 6,78±0,20, p <0,005; the level of left СAVI was 
8,04±0,19 VS 6,92±0,18, p <0,0001.
The method of CAVI, which does not depend on the blood pressure level, helps to detect the 
disturbance of the elastic properties of the systemic circulation arteries in patients with IPAH. 
More significant violations of elastic properties of arteries were observed in patients with IPAH 
with significant decrease of functional abilities compared to patients with preserved FA.
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DEATH OR RESOLUTION: THE NATURAL HISTORY OF PULMONARY HYPERTENSION IN BRONCHOPULMONARY DYSPLASIA
Altit Gabriel*, Bhombal Shazia, Tacy Theresa, Feinstein Jeffrey
Stanford University ~ Palo Alto ~ United States of America

While the association between prematurity and PH has been reported, the natural history of PH 
and outcomes of this population remain unclear.
Objectives: The primary objective was to describe the natural history of pulmonary hypertension 
(PH) in the premature population. The secondary objective was to compare those with PH to a 
PH-free group at 36 weeks post-menstrual age (PMA). 
Retrospective chart review of patients followed at our institution from 2000-2017 with 
echocardiographic (ECHO) evidence of PH at 36 weeks PMA, and born ≤ 32 weeks estimated 
gestational age (GA). A matched cohort of premature patients without PH were obtained for 
comparison. Cox regression was used for survival analysis. 
Sixty-one patients with PH (26.5±1.5 weeks at birth) were included and compared with 79 
without PH (26.4±2.3 weeks) - Table 1. All PH patients had BPD, with 89% considered severe; 
38% were SGA - Table 2. Necrotizing enterocolitis requiring surgery was significantly more 
common in those with PH (25%) compared to 9% in the control population (p=0.01). Male 
status (HR 3.35; p=0.04) and use of post-natal steroids (HR 11.02, p=0.01) were associated with 
mortality in the PH group - Table 3. Pulmonary vein stenosis (PVS) was documented in 26% of 
the PH cohort, but not associated with increased mortality. ECHO estimation of pulmonary artery 
pressure (PAP) in those with PH was felt to be reliable in 84%. PAP was higher in those who died 
(sPAP/sBP ratio 1.09±27 vs 0.83±20 %, p=0.0002). At follow-up (mean 250±186 weeks PMA), 
72% of the PH cohort was alive. Most survivors (66%) had resolution of their PH on their most 
recent ECHO; 31% remained on PH therapy. 
PH resolved in most survivors in this study population. Mortality in those with BPD -PH was 
associated with male sex, post-natal steroid use, and increased severity of PH, but not with PVS. 
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RECEPTOR TYROSINE KINASES AND RELATED LIGANDS PROVIDE NEW PLASMA BIOMARKERS IN PULMONARY ARTERIAL 
HYPERTENSION
Bouzina Habib*
Lunds University ~ Lund ~ Sweden

Pulmonary arterial hypertension (PAH) is a devastating disease, where severe vasoconstriction 
and remodeling in small pulmonary arteries result in high mortality. Novel biomarkers that 
provide earlier diagnosis and evaluate prognosis could improve survival. 
As receptor tyrosine kinases are involved in pulmonary arterial remodeling, the present study 
evaluated 28 proteins related to this molecular domain, to detect new plasma biomarkers in 
PAH. 
Mixed venous plasma from PAH patients was obtained, at baseline and at follow-up after 
treatment debut. Biomarkers were analyzed using proximity extension assays. Venous plasma 
from healthy subjects was used as control. Hemodynamics and other clinical data were extracted 
from patient journals.

PAH patients had elevated plasma amphiregulin (p<2×10-8), TGF-α (p<3×10-7), HGF (p<4×10-
7), PlGF (p<0.00001), FGF-BP1 (p<0.00003), VEGF-D (p<0.00006), EPHA2 (p<0.0003), VEGF-A 
(p<0.0006) and Mer (p<0.002), and decreased EGFR (p<3×10-9), VEGFR-2 (p<2×10-6), Ret 
(p<6×10-6), HER3 (p<0.008) and stem cell factor (SCF) (p<0.006) compared to controls. 
Decreased baseline plasma SCF correlated with worse baseline hemodynamics. Plasma 
SCF increased with PAH therapy after a clinical follow-up (p<0.006), and correlated with 
hemodynamic improvement.
Proteins involved in receptor tyrosine kinase signaling are altered in PAH plasma. Amphiregulin 
and TGF-α, together with their receptor EGFR, are highly altered in PAH versus controls, and 
constitute interesting new potential plasma biomarkers in PAH. 
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NONSYNDROMIC PERIPHERAL PULMONARY ARTERY STENOSIS IS ASSOCIATED WITH HOMOZYGOSITY OF RNF213 
P.ARG4810LYS REGARDLESS OF CO-OCCURRENCE OF MOYAMOYA DISEASE
Chang Sung--A*, Song Ju Sun, Park Taek Kyu, Yang Jung Hoon, Kwon Woo Chan, Kim So Ree, Kim Sung Mok, Cha Jihoon, Jang Shin Yi, Cho Young Seok, Kim Tae Jung, Bang Oh Young, Song Jin Young, 
Ki Chang Seok, Kim Duk--Kyung
Samsung Medical Center, Sungkyunkwan University School of Medicine ~ Seoul ~ Korea, Republic of

Peripheral pulmonary arterial stenosis (PPAS) in childhood is frequently associated with 
other syndromes; however, PPAS in adolescent and adults is rare and its etiology is not well 
understood. 
We report the clinical characteristics of adulthood-onset nonsyndromic PPAS associated with 
p.Arg4810Lys variant of the ring finger protein 213 (RNF213) gene.
We recently encountered an index case of severe pulmonary hypertension with multiple PPAS 
and intra- and extracranial arteriopathy. Due to a family history of Moyamoya disease (MMD), 
genetic analysis was performed, and revealed that this patient was homozygous for RNF213 
p.Arg4810Lys. We searched for PPAS by reviewing the pulmonary hypertension registry as well 
as the MMD registry, and found four more cases of PPAS. Clinical features of the five patients and 
their families were analyzed.

Mean age at diagnosis of pulmonary hypertension was 26 years, and male to female ratio was 
4:1. Genetic analysis of four patients revealed that all these patients were homozygous for the 
RNF213 p.Arg4810Lys variant. Pulmonary angiograms showed a string of beads pattern and/
or diffuse stenosis of peripheral pulmonary arteries. Notably, three patients had MMD and 
two patients did not have MMD. The three MMD patients had multiple stenosis of extracranial 
arteries other than pulmonary artery.
PPAS in segmental or subsegmental arteries in adulthood with multiple extracranial 
vasculopathies was found to be associated with homozygosity for RNF213 p.Arg4810Lys. 
RNF213 variant-associated vasculopathy should be categorized as the discrete disease entity of 
adulthood-onset PPAS regardless of the presence of MMD.
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CLINICAL PROFILING AND PREDICTING CLINICAL DETERIORATION IN IDIOPATHIC PULMONARY ARTERIAL 
HYPERTENSION PATIENTS IN A PULMONARY HYPERTENSION REFERENCE CENTER IN CAMPINAS-BRAZIL
Corso  Pereira Mônica*[1], Whitaker  Wolf Plínio José[2]

[1]Faculty of Medical Sciences of the State University of Campinas (Unicamp) ~ Campinas ~ Brazil, [2]Student of the Faculty of Medicine of Pontifical Catholic University of Campinas (Puccamp) ~ Campinas ~ Brazil

Despite advances in Idiopathic Pulmonary Arterial Hypertension (IPAH) treatment, the time 
between patient-reported onset of symptoms and a definitive diagnosis remains delayed. 
Data of IPAH patients from Latin America remain scarce and it is important to highlight regional 
differences in HAPI patients.  
In a sample of IPAH patients, a)To identify the time span between the symptoms’ onset and the 
definitive diagnosis; 2) To draw a clinical, functional and hemodynamic profile of these patients; 
3) To investigate if there is association among some variables collected and patient’s clinical 
worsening.
This is a retrospective chart analysis of all IPAH patients diagnosed and being followed at the 
Clinics Hospital of State University of Campinas, Brazil, between 2004-2017. Functional class (FC), 
6-minute walk test (6MWT), echocardiographic and right heart catheterization (RHC) variables 
were collected at diagnosis and during follow-up. Clinical worsening after 2 years of follow-up 
was defined by death, change of FC to III or IV, or the addition of other medication for IPAH 
(sildenafil, bosentan or ambrisentan).
29 patients were included in this study; 89% were females, mean age was 38.3±13.1 years; 89% 
had Caucasian ethnicity, 72.4% presented FC II (NYHA). The time between symptoms’ onset and 
diagnosis was 20.5±15 months. Causes for the diagnosis delay were related to patients as well 
to medical professionals and health system. 6MWT, echo and RHC variables are shown in table 
1. There was a positive correlation between clinical worsening and 6MWT variables:  decrease in 
O2 saturation >3% (p=0.0092) and distance covered <332m (p=0.035).
The time span for IPAH diagnosis in our PH center is shorter than in other centers, but it is still too 
long in view of the patient’s worsening. The significant associations found between 6MWT and 
the clinical worsening stress the test’s role in therapeutic management of IPAH patients.. 



Nice February 27-28 / March 1, 2018 116

February 27, 2018
CLINICAL SCIENCE - 05 DIAGNOSIS OF PULMONARY HYPERTENSION 
ABSTRACT A115
INCIDENCE OF PULMONARY HYPERTENSION AND DETERMINING FACTORS IN PATIENTS WITH SYSTEMIC SCLEROSIS 
AFTER NEGATIVE RIGHT HEART CATHETERISATION
Harutyunova Satenik*[2], Coghlan Gerry[1], Wolf Matthias[2], Distler Oliver[3], Denton Christopher P[4], Doelberg Martin[5], Marra Alberto[2], Benjamin Nicola[2], Fischer Christine[6], Grünig Ekkehard[2]

[1]Cardiology Department, Royal Free Hospital, London ~ London ~ United Kingdom, [2]Centre for Pulmonary Hypertension, Thoraxclinic at the University Hospital Heidelberg ~ Heidelberg ~ Germany, [3]Department of 
Rheumatology, Faculty of Medicine, University of Zurich ~ Zürich ~ Switzerland, [4]Centre of Rheumatology, Royal Free Hospital, London ~ London ~ United Kingdom, [5]Actelion Pharmaceuticals Ltd., Gewerbestrasse 16, CH-4123 
Allschwil, Switzerland ~ Allschwil ~ Switzerland, [6]Institute of biostatistics University clinic Heidelberg ~ Heidelberg ~ Germany

Pulmonary hypertension (PH) is a common complication of systemic sclerosis (SSc) which can 
occur at any stage of the disease and has been observed in 15-27% of symptomatic patients 
and 8-12% of asymptomatic patients using right heart catheterization (RHC) for screening. The 
diagnosis of PAH is defined by a mean pulmonary arterial pressure (mPAP) ≥25 mmHg at rest, a 
pulmonary arterial wedge pressure ≤15 mmHg and a pulmonary vascular resistance >3 wood 
units, measured by RHC. According to the current guidelines, the clinical significance of a mPAP 
between 21 and 24 is not known. 
 The objective of this study was to evaluate the incidence of PH and determining factors in 
patients with SSc.  

In this bi-centric, prospective cohort study, patients with SSc were assessed at baseline and after 
3 years clinically including (RHC). Analysis of determining factors for development of PH was 
performed using univariate and multivariate analysis.  

Ninety-six patients with (mPAP) < 25 mmHg at baseline were followed for 2.95±0.7 (median 
3) years, 71 had a second RHC, 18 of the 71 patients (25.3%) developed PH, 5 (7%) a SSc-
associated pulmonary arterial hypertension. Patients with mPAP between 21 and 24 mmHg 
at baseline significantly more often presented PH or “borderline” pressures during follow-up 
(p<0.001). Pulmonary vascular resistance, tricuspid regurgitation velocity, diffusion capacity and 
size of inferior vena cava at baseline were independent predictive for development of PH during 
follow-up.  

In SSc-patients pulmonary pressures appear to rise progressively during follow up. Using RHC 
during follow-up it was possible to identify manifest PH in almost 25% of patients. Therefore, 
regular clinical assessment including RHC might be useful in SSc-patients. This is the first 
prospective study indicating that borderline elevation of mPAP is associated with higher 
incidence of PH in high risk SSc-patients using systematic recatheterization. 
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PULMONARY HYPERTENSION IN ASIA: ESTIMATED PREVALENCE AND PROGNOSIS FROM THE ECHOCARDIOGRAPHY 
COHORT
Hsu Chih--Hsin*[2], Chang Wei--Ting[1], Chang Hsiang--Yuan[3], Liu Wei--Shin[4], Lu Wei--Da[2]

[1]Division of Cardiology, Department of Internal Medicine, Chi-Mei Medical Center, Yungkang Dist ~ Tainan ~ Taiwan, [2]Department of Internal Medicine,National Cheng Kung University ~ Tainan ~ Taiwan, [3]National Cheng Kung 
University Hospital Dou-Liou Branch ~ Dou-Liou ~ Taiwan, [4]Tzu-Chi General Hospital ~ Hualien ~ Taiwan

Pulmonary arterial hypertension is a progressive disease. The rapid progression of the disease 
warrants that patients be identified early and proper care instituted. Diagnosis of PAH is often 
delayed due to non-specific symptom. This adds to the urgency of having a screening program 
to identify patients. Echocardiography was a non-invasive examination for PH evaluation 
suggested by guideline. In this study, data were collected from medical records and results of 
latest echocardiography were reviewed to screen potential PAH patients. 
Through this study, we hope to increase PAH awareness and to establish early referral system for 
PAH care.
The multicenter, retrospective, observational study aimed to identify possible PAH patients. 
The study was conducted in four hospitals to enroll subjects whose echocardiography data are 
available during 2015. The results of echocardiography were reviewed and to identify the patient 
who has high probability of PH according 2015 ESC guideline.  
Descriptive statistics were used to summarize the continuous variables. Frequency and 

proportion were used to summarize the categorical variables. For demographic data and 
baseline characteristics, the descriptive statistics described as above were used to summarize 
both continuous and categorical variables.  

We enrolled 14239 patients from NCKUH and 185 (1.3 %) of them have high probability of PH. 
72 (49.32%) patients were referred to special PH team for further care. Most of them (70.8%) 
belong to group 1 PH. Among the group who were not referred to special PH team, 60.8% was 
belong to group 2. 3.78% mortality was noted in referred group and 17.3% mortality was noted 
in non-referred group. 
Pulmonary hypertension is a progressive and fetal disease. There were significant different in 
mortality between the group received special PH team care or not. Early diagnosis and referred 
to special PH team for advanced treatment are important.  
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PREVALENCE OF PULMONARY HYPERTENSION IN PATIENTS WITH SARCOIDOSIS: A SINGLE CENTER EXPERIENCE
Kaptan  Ozen Deniz*[1], Mutlu Bulent[1], Kepez Alper[1], Kocakaya Derya[2], Ceyhan Berrin[2], Kanar Batur Gonenc[1], Erdogan Okan[1], Atas Halil[1]

[1]Marmara University Medical Faculty Cardiology Department ~ ISTANBUL ~ Turkey, [2]Marmara University Medical Faculty Pneumology Department ~ ISTANBUL ~ Turkey

Sarcoidosis is a systemic granulomatous disease with unknown etiology. Pulmonary 
hypertension (PH) is recognized as a complication of advanced pulmonary sarcoidosis and 
is associated with increasing mortality. However, the exact prevalence of PH in patients with 
sarcoidosis is unclear.
The aim of this study was to assess the prevelance and the predictors of PH in sarcoidosis.
56 patients with biopsy proven sarcoidosis without known sarcoid-related or structural heart 
disease or alternative etiologies of PH were included. All patients were studied prospectively 
by transthoracic echocardiography to evaluate the level of probability of PH according to 
guidelines. In assumed intermediate to high level probability of PH, right heart catheterization 
(RHC) was performed. Clinical data, including functional capacity using New York Heart 
Association class, results of pulmonary function testing were recorded. To assess the functional 
capacity, six-minute walk distance testing (6MWD) used for all patients.
In 8 of the 56 patient (14,3%) had intermediate to high level echocardiographic probability 
for PH. Two patients refused undergoing RHC. Of the six patients investigated with RHC, three 
showed combined pre and postcapillary PH. The prevalance of PH is found 5,4% (3/56). Two 
patient with PH had radiologic stage IV. All three patients with PH had low diffusing capacity 
of the lung for carbon monoxide (DLCO) level (<65%) and low 6MWD (<350 m). Without 
significant systolic and diastolic dysfunction (EF > 50%, E/e’ < 14), three patient with PH had high 
NT-proBNP level (> 125pg/ml) and markedly low right ventricular free wall strain (RV FWS) and 
left ventricular longitudinal strain (LV GLS).
The prevalance of PH was found 5,4% and all patients had postcapillary PH although had 
precapillary components. However known echocardiographic parameters using to assess 
probability of PH, NT-proBNP, DLCO, 6MWD, RV FWS and LV GLS can be useful predictors to 
detect sarcoidosis-related PH earlier.
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EFFICIENT DETECTION OF PULMONARY ARTERIAL HYPERTENSION USING SERUM HAPTOGLOBIN LEVEL AND CARDIAC 
MRI IN PATIENTS WITH CONNECTIVE TISSUE DISEASES
Kato Masaru*[1], Nakamura Hiroyuki[1], Sugawara Eri[1], Fujieda Yuichiro[1], Oku Kenji[1], Bohgaki Toshiyuki[1], Yasuda Shinsuke[1], Ohira Hiroshi[2], Tsujino Ichizo[2], Nishimura Masaharu[2], Atsumi Tatsuya[1]

[1]Department of Rheumatology, Endocrinology and Nephrology, Graduate School of Medicine and Faculty of Medicine, Hokkaido University ~ Sapporo ~ Japan, [2]First Department of Medicine, Hokkaido University Hospital ~ 
Sapporo ~ Japan

Pulmonary arterial hypertension (PAH) develops frequently in patients with connective tissue 
diseases (CTD) with the prevalence of up to 10%. Early and efficient detection of PAH would be 
critical to improve the prognosis of those patients.
In this study, we aimed to establish an algorithm with both high sensitivity and specificity to 
detect PAH using non-invasive tools in CTD patients.
This is a single center retrospective analysis comprising 21 consecutive CTD patients who 
underwent right heart catheterization from July 2010 to November 2016. Median value 
of mean pulmonary artery pressure (mPAP) was 29 [12-56] mmHg. We evaluated the six 
following variables as conventional risk factors of having PAH; presence of anti-U1-RNP or 
-centromere antibodies, plasma BNP level of >18.4 pg/ml, serum urate level of >7.0 mg/dl, 
DLCO/VA of <70%, right axis deviation, and pulmonary artery systolic pressure estimated by 
echocardiography of >40 mmHg. In addition, serum haptoglobin (Hp) level of <19 mg/dl and 

ratio of right to left end-diastolic volume (RVEDV/LVEDV) calculated by cardiac MRI of >1.2 were 
considered as potential risk factors. Discriminatory performance of these variables to distinguish 
patients with and without mPAP of 25 mmHg or greater was expressed as area under ROC curve 
(AUC).
Both Hp and RVEDV/LVEDV significantly correlated with mPAP (r = -0.736, p<0.001 and r = 
0.646, p = 0.003, respectively). AUC obtained by combination of the six conventional risk factors 
was 0.70. AUC increased to 0.80 by the addition of Hp to the conventional risk factors and further 
increased to 0.82 by the addition of both Hp and RVEDV/LVEDV. The sensitivity and specificity 
obtained by the presence of four or more out of these eight risk factors were 91% and 50%, 
respectively.
Our novel algorithm including Hp and cardiac MRI may improve accuracy and efficiency in the 
detection of PAH.
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NAILFOLD VIDEOCAPILLAROSCOPY PARAMETERS AS PREDICTORS OF PULMONARY ARTERIAL HYPERTENSION 
DEVELOPMENT IN PATIENTS WITH SYSTEMIC SCLEROSIS
Klyaus Nataliya*, Simakova Maria, Malikov Kirill, Maslyanskiy Alexey, Moiseeva Olga
Federal State Budgetary Institution “V.A. Almazov National Medical Research Center” of the Ministry of Health of the Russian Federation ~ Saint-Petersburg ~ Russian Federation

Pulmonary arterial hypertension (PAH) is one of the most important complications of systemic 
sclerosis (SSc). The characteristic features of vascular lesions in SSc is obliterating vasculopathy, 
which plays an important role in the PAH pathogenesis. Nailfold videocapillaroscopy (NVC) 
is an established method for the evaluation of the microvasculature in patients with SSc. It is 
determined that the degree of the changes in microvasculature reflects the severity of such 
complications as PAH. NVC may be a useful as non-invasive method for identifying PAH in 
patients with SSc.
The aim of this study was to assess the possibility of using NVC morphological pattern as 
potential predictor of PAH in patients with SSc.
57 patients with SSc were enrolled in the study. To assess the severity of skin changes the 
modified skin score of G. Rodnan was used. The NVC was conducted, the density of the 
capillary loops and the pattern were estimated, and a semi-quantitative evaluation was carried 

out. Echocardiography, right heart catheterization (RHC) were performed as well as the body 
plethysmography and diffusion capacity of the lung for carbon monoxide (DLCO). 
The median age was 57 years (Q25-Q75 48-61, respectively). PAH was detected in 10 (17.5%) 
patients. Patients with verified PAH were significantly older than patients without PAH (61±7 
vs 53±10 years, р=0.036). Patients with PAH had significantly higher score of the number of 
alterations according to NVC. Differences in the other NVC characteristics between patients of 
the two groups have not been established. A negative association between the capillary density 
and the duration of Reynaud’s syndrome was shown (r = -0.468, p = 0.032). The higher PAH risk 
was associated with older age, reduced capillary density and lowered DLCO (р=0.001, р=0.033 
and р=0.024, respectively).
Parameters determined in NVC can be used to predict PAH development and progression in 
patients with SSc.
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ACCURACY AND PRECISION OF MEAN PULMONARY PRESSURE ASSESSED BY ECHOCARDIOGRAPHY AMONG PATIENTS 
WITH PULMONARY HYPERTENSION
Lescano Adrian*, Farina Juan, Gomez  Santa  Maria Hector, Lavalle  Cobo Augusto, Romero Guadalupe, Gonzalez Nicolas, Gonzalez Miguel, Daru Victor, Grancelli Hugo
Finochietto Clinic ~ Buenos Aires ~ Argentina

Non-invasive estimation of pulmonary pressures by Doppler echocardiography (DE) is an 
important management tool for pulmonary hypertension (PH) patients. Previous reports 
suggested that velocity-time integral (VTI) of tricuspid jet can be used to estimate mean 
pulmonary pressure (MPP). However, there is limited information regarding precision and 
accuracy of this method in PH patients.
To estimate the concordance between MPP assessed by DE using tricuspid VTI and right heart 
catheterization (RHC).
Patients with confirmed PH diagnosis that underwent RHC between March 2012 and May 2017 
were included. Non-invasive MPP was obtained by adding the tricuspid jet VTI to the right 
atrial pressure, estimated by the inferior vena cava diameter. Hemodynamic confirmation was 
obtained by RHC. RHC and DE were performed with less than 24 hours of difference between 
them and the physicians were blind to the other method results. MPP obtained by these two 
methods were compared using Lin´s concordance correlation coefficient. MPP was categorized 
in 11 groups by 10 mmHg and quadratic weighted kappa was performed for qualitative 
agreement measures.
A total of 80 patients were included. Mean age was 57.5 years (SD 19) and 73% were women. 
PH group (G) distribution was: GI 64%; GII 16%; GIII 8%; GIV 8% and GV 4%. Mean MPP by RHC 
was 48 mmHg (SD 15). The concordance correlation coefficient resulted in 0.83 (95% CI 0.74-
0.88), with a Pearson r of 0.84 (precision) and a Cb correction factor of 0.97 (accuracy)(Figure 1). 
Although related to a small number of observations, DE underestimated MPP above 70 mmHg. 
The k resulted in 0.80 (95% CI 0.70-0.90).
We observed a moderate to high concordance in MPP assessment between tricuspid VTI 
and RHC among patients with PH. These results support the use of DE as a reliable diagnosis 
measure of MPP. Further research may be needed to assess accuracy in severe PH patients (MPP 
above 70 mmHg).
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RAISING PAH AWARENESS IN SERBIA
Milutinov Senka*, Andrijevic Ilija, Matijasevic Jovan, Andrijevic Ana
Institute for Pulmonary Diseases of Vojvodina ~ Sremska Kamenica ~ Serbia

In most of the Balkan countries, such as Serbia, unrecognition and under-treatment are serious 
problems for patients with pulmonary arterial hypertension (PAH). In the past years a few PAH 
centers were founded in Serbia. All of the diagnostic procedures and general measurements 
according to the current guidelines are now provided in those referral centers. Unfortunately, we 
are still lacking in some of the medicament treatments. 
To analyze data base of patients with PAH diagnosed during past five years, at the Institute for 
Pulmonary Diseases of Vojvodina, University affiliated tertiary care center in Serbia. 
After selection, 39 patients were included in the analysis: 7 (18%) with idiopathic PAH (IPAH), 8 
(20%) associated with PAH due to connective tissue diseases, 2 (5%) due to congenital cardiac 
disease, 19 (49%) with chronic thromboembolic pulmonary hypertension (CTEPH) and three 
patients with sarcoidosis. Basic patients characteristics were observed.  
Twenty five (64%) patients were female and average age at the time of diagnosis was 45,5 

±17,3 with 23,3% under 30 years of age, all associated with IPAH. Patients with PAH and CTEPH 
were mostly recognized at the age of 65±13.3. Time to diagnosis was in average 1.8 year and 
most of the patients visited more than one specialist during that time: cardiologic examination 
at first (67%), rheumatology 12%, pulmonology 11% and other 10%. Most of the patients 
were recognized at NYHA class III (52%) or at the time of right heart decompensation. Mean 
pulmonary arterial pressure (mPAP) measured by right heart catheterization was 53,4±12,50. 
Six minute walking test was 296 meters (IQR 160-380), NT pro BNP value was 1796 ±1499 pg/l. 
Mortality was 29,5% during observational period. 
Number of patients diagnosed with PAH in Serbia is increasing every year due to more 
comprehensive diagnostic approach. Hope is that according to previous data more treatment 
options soon will be available.
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RIGHT HEART CATHETERIZATION FOR THE ASSESSMENT OF PULMONARY HYPERTENSION IN PATIENTS WITH 
INTERSTITIAL LUNG DISEASE
Mogulkoc Nesrin*[1], Kultursay Hakan[2], Akdeniz Bahri[3]

[1]Ege University Hospital Pulmonology Department ~ Izmir ~ Turkey, [2]Ege University Hospital, Cardiology Department ~ Izmir ~ Turkey, [3]Dokuz Eylul University Hospital, Cardiology Department ~ Izmir ~ Turkey

Assessment of pulmonary pressure is of prognostic significance in patients with interstitial lung 
disease (ILD). 

To assess the frequency and prognostic significance of pulmonary hypertension (PH) by right 
heart catheterisation (RHC) in patients with a broad spectrum of ILD.
This study was based on 103 patients with a range of interstitial lung diseases (37 with 
connective tissue disease (CTD-ILD), 43 IPF and 23 with other ILDs) who did not have group 2 
PH.  Pulmonary function tests, composite physiological index (CPI) and Gender, Age, Physiology 
(GAP) stages were compared across the diagnostic categories.
There were 49 men, 54 women. The mean age at RHC was 62 years (range 15 to 81). The mean 
follow up from RHC was 17.4 months (range 0 to 88). The mean FVC %predicted was 67% (range 
22 to 118), mean FEV1 % predicted 70% (range 23 to 119) and mean DLCO % predicted 38% 
(range 13 to 93). The mean CPI was 56 (range 12 to 91). GAP stages were I: 41 patients, II: 46, III: 

16. The mean SPAP was 59 mmHg (range 18 to 120) and the mean MPAP was 33 mmHg (range 
8 to 80). Patients with IPF were older than those with CTD (mean 65 vs 59, p=0.018) with lower 
DLCO (IPF: 35% vs CTD: 44%, p=0.01). The correlation coefficient between SPAP and MPAP was 
0.53. 68 patients had PH  by RHC (CTD: 23, IPF: 29, other: 16), with SPAP > 35 mmHg in 57 of 68. 
GAP and CPI did not correlate with PH. Survival was shorter for IPF than CTD-ILD or other ILDs 
(mean for IPF; 14 months vs CTD; 28 months vs other ILDs; 29 months, p = 0.014). The same 
was true for the subgroups with PH. On Kaplan-Meier survival analysis, PH by RHC fell marginally 
short (p=0.08) of significantly predictıng survival.
SPAP echo is a sensitive screening procedure, selecting patients requiring RHC to confirm PH. 
Survival wıth CTD-ILD is superior to IPF. Although it is well known that the development of PH 
had a significant adverse impact on survival in ILD, our studied marginally lacked the power to 
demonstrate this.



Nice February 27-28 / March 1, 2018 124

February 27, 2018
CLINICAL SCIENCE - 05 DIAGNOSIS OF PULMONARY HYPERTENSION 
ABSTRACT A123
EVALUATION OF CARDIAC FUNCTIONAL ALTERATIONS AND NATRIURETIC PEPTIDE LEVELS  IN PATIENTS WITH SYSTEMIC 
SARCOIDOSIS
Mutlu Bulent*[1], Kaptan  Ozen Deniz[1], Kepez Alper[1], Kocakaya Derya[2], Ceyhan Berrin[2], Erdogan Okan[1], Kanar Batur Gonenc[1], Atas Halil[1]
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Sarcoidosis is a rare multisystem granulomatosis disorder that primarily affects lungs and may be 
associated with pulmonary hypertension. The prevalence of symptomatic cardiac involvement 
has been reported to be approximately 5% and these cases experience decreased overall 
survival. Right ventricular (RV) functions may be altered  not only by cardiac involvement but also 
by coexistent disease related  pulmonary hypertension.
We aimed to investigate cardiac functional alterations, systolic pulmonary artery pressures (sPAB) 
and brain natriuretic peptide levels in patients with sarcoidosis who are free of symptomatic 
cardiac involvement.
56 patients with systemic sarcoidosis were recrıited into the study. 26 age and gender matched 
subjects without symptomatic cardiovascular disease constituted our control group. All study 
subjects  underwent detailed transthoracic echocardiographic examination , 6-min walking 
test and pulmonary function test. Serum NT-proBNP levels were assesed in addition to serum 
hemogram and biochemistry.
Demographic,  clinical and laboratory findings of patients and controls are presented on 
table.  Only 8 patients (14.3%) had peak tricusipid regurgitation velocity ≥ 2.8 m/sec. There 
were no significant differences between groups regarding conventional parameters reflecting 
left ventricular (LV) functions. However, sPAB of patient group was significantly higher and 
RV functions of patients were significantly impaired compared with controls. Serum NT pro-
BNP level of patients was  significantly higher compared with controls.  Only LV E/E’ ratio was 
observed to be an independent predictor of increased  serum NT-proBNP  levels (>125  pg/mL) 
(OR: 1.60 (%95 CI; 1.065-2.403)) in patients with sarcoidosis.
Sarcoidosis patients displayed impaired RV functions and subtle but not apperant alterations in 
LV functions . However, only LV E/E’ ratio was independently predictive of increased NT-proBNP 
levels in patients with sarcoidosis.
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THE CONTRIBUTION OF ENDOTHELIAL CELLS TO THE VOLATOLOMIC SIGNATURE OF PAH
Nakhleh Morad*[1], Khatib Salam[2], Tu Ly[1], Vinhas Maria[1], Girerd Barbara[1], Perros Frederic[1], Montani David[1], Jeries Raneen[2], Dorfmuller Peter[1], Fadel Elie[1], Guignabert Christophe[1], Humbert Marc[1], 
Haick Hossam[2], Cohen--Kaminsky Sylvia[1]

[1]1Univ Paris-Sud, Faculté de Médecine, Université Paris-Saclay, Le Kremlin Bicêtre, France. 2 AP-HP, DHU TORINO, Service de Pneumologie, Hôpital Bicêtre, Le Kremlin Bicêtre, France. 3 Inserm UMR_S 999, LabExLERMIT, Hôpital 
Marie Lannelongue ~ Le Plessis Ro, [2]Department of Chemical Engineering and Russell Berrie Nanotechnology Institute, Technion–Israel Institute of Technology ~ Haifa ~ Israel

The detection of exhaled Volatile Organic Compounds (VOCs) could promote non-invasive 
diagnosis of PAH. However, alteration in exhaled VOCs could also reflect secondary mechanisms 
accompanying PAH, thus negatively affecting their accuracy/specificity as early biomarkers of 
PAH
The aim of this study is to profile VOCs originating on the level of the vascular pathology in 
PAH that are also detectable in exhaled breath, as potential non-invasive biomarkers for early 
diagnosis
Exhaled breath of 24 PAH patients and 22 controls were quantitatively analyzed by Gas 
Chromatography linked to Mass Spectrometry (GC-MS);  Human Microvacsular Endothelial 
cells (HMECs) were isolated from dissected arteries from PAH patients and controls. VOCs were 
collected in culture and analyzed in the same manner like breath samples
In analysis of 46 exhaled breath samples, we found that 11 of the identified VOCs were 
significantly altered in PAH and/or associated with Heritable or Idiopathic cases.  

To determine which of these VOCs originate from the vascular pathology, we profiles the VOCs 
emitted directly from HMECs in culture. We found that 4 of the 11 exhaled biomarkers are 
expressed by HMECs, and that their concentrations in HMECs of PAH patients were significantly 
higher than in controls.  
Finally, to pinpoint the molecular pathways leading to the emission of these VOCs, healthy 
HMECs in culture were subjected to hypoxic stress (CoCl2), oxidative stress (H2O2) or 
inflammation (TNF-α), while monitoring VOCs emission. We found that in response to TNF-α and 
H2O2 healthy HMECs reproduced part of the volatolomic alterations that we have identified 
both on the level of vascular pathology, as well as in exhaled breath of PAH patients  

These results indicate that HMECs of PAH patients produce a distinctive profile of VOCs, in part, 
due to inflammation and oxidative stress. These VOCs are detectable directly in exhaled breath, 
thus suggesting them as potential biomarkers of the early phases of PAH
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CONGENITAL HEART DISEASES: A RARE REASON FOR PULMONARY HYPTERTENSION IN ADULT PATIENTS
Okumus Gulfer*[1], Sumer Celik[1], Bingol Zuleyha[1], Orhan Gokcen[2], Inanc Murat[3], Bilge Ahmet Kaya[4]
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Pulmonary arterial hypertension (PAH) associated with Congenital heart diseases (CHD) is rarely 
detected as a reason in adults. Patients may be asymptomatic until older ages or present with 
dyspnea, fatigue or syncope.
The main goal was to demonstrate that CHD might be found as a reason of PAH in adult patients.
Prospectively data of four adult patients with PAH caused by congenital heart diseases collected 
from Istanbul University’s Pulmonary Hypertension Outpatient Clinic. 
Four adult patients (2 female ,2 male) were included in our study. Mean age  was 55 years and 
mean follow-up period was 31.5 months. Main complaint of patients was long-term progressive 
dyspnea in elderly ages. No cardiac pathology was detected before. On physical examinations 
there wasn’t any cardiac murmur or pathological respiratory sounds. There weren’t any 
rheumatological diseases accompanying. Transthoracic echocardiography showed dilated right 
ventricules and high systolic pulmonary artery pressure (sPAP). On right heart catheterization 

mean sPAPs was 34,5 mmHg and mean pulmonary vasculary resistance was 2,27 Wood. 
Transesophageal echocardiography (TTE) revealed that three patients had partial anomalous 
pulmonary venous return; two of them had ostium secundum type atrial septal defect (ASD) as 
well.  The fourth patient had ostium secundum type ASD with mitral valve prolapsus. Cardiac 
MRI performed to confirm cardiac anomalies. All patients underwent cardiac surgery. At the 
operations it is revealed that two patients with partial anomalous pulmonary venous return 
accompanied with single atrium.  After surgery all functional classes improved I-II, sPAPs  
decreased to normal level.         
Early detection and repair of CHD is the best strategy to prevent the development of PAH. 
However, some patients could be older at presentation of first symptoms or asymptomatic. CHD 
should be considered as a reason for pulmonary arterial hypertension in adult patients.
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TUMOR MARKERS ARE ALTERED IN PLASMA FROM PULMONARY ARTERIAL HYPERTENSION PATIENTS
Rådegran Göran*[1], Bouzina Habib[2]

[1]Lund University ~ Lund ~ Sweden, [2]~ Sweden

Pulmonary arterial hypertension (PAH) is a rare disease, where severe proliferative and anti-
apoptotic cellular phenotypes result in vascular remodeling, leading to diminished quality life 
and poor survival. Many recent findings point towards similarities between PAH and cancer. 
We therefore investigated 30 cancer-related proteins in plasma from PAH patients, to detect 
potential biomarkers in PAH.
Plasma was obtained from PAH patients, at baseline and at a follow-up after treatment start, and 
from healthy controls. Plasma proteins were determined using proximity extension assay and 
PCR analyses. Hemodynamics were collected from medical journals.
In plasma from PAH patients compared to controls, human epididymis protein 4 (HE4) (p<9×10-
12), trefoil factor 3 (TFF3) (p<1×10-6), vimentin (p<3×10-6), carbonic anhydrase 9 (CA-IX) 

(p<5×10-6), folate receptor α (FR-α) (p<0.0001), S100-A11 (p<0.001), nectin-4 (p<0.002), 
kallikrein-11 (p<0.003), mesothelin (p<0.003), midkine (p<0.007) and cystatin-B (p<0.02) were 
increased, and cornulin (p<0.002) and contactin-1 (p<0.02) were decreased. Correlations were, 
among others, found between changes in HE4 and changes in CO (rs = -0.48, p<0.006) as well 
as between baseline FR-α and baseline PVR (rs = -0.6, p<0.0004) and RVSP (rs = -0.5, p<0.004).
The present proteomic study identified several altered cancer-related proteins in plasma from 
PAH patients. HE4 is a new potential biomarker in PAH, which is already in use for ovarian 
cancer. HE4 fluctuations are correlated to changes in CO in PAH. FR-α is increased in PAH and 
correlates to hemodynamics. TFF3, CA-IX, vimentin and S100-A11 are also highly altered in PAH, 
representing new potential biomarkers in PAH.
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PULMONARY HYPERTENSION (PH) DUE TO LEFT HEART DISEASE:  A PREDICTIVE MODEL USING THE NATIONAL ECHO 
DATABASE OF AUSTRALIA (NEDA)
Strange Geoff*[1], Playford David[1], Codde Jim[1], Celermajer David[2], Scalia Gregory[3], Chung Kevin[1]

[1]The University of Notre Dame ~ Fremantle ~ Australia, [2]The University of Sydney ~ Sydney ~ Australia, [3]The University of Queensland ~ Brisbane ~ Australia

PH due to left heart disease (PH-LHD) is common, but may be difficult to diagnose by echo in the 
absence of sufficient tricuspid regurgitation velocity (TRV). 

To create a predictive model using diastolic echo markers to diagnose PH, even in the absence 
of a measurable TR velocity.
302,746 echos (174,229 patients) were analysed.  Univariate analysis was used to establish 
significant diastolic markers of PH in 99,025 patients with sufficient TR (79,268 with PH vs 19,767 
with no PH). The whole cohort (including no measurable TR velocity) was randomized to 2 
groups: Group A (151,373 echos) to perform multivariate regression analysis on the diastolic 
markers and to create a predictive model; Group B to validate the predictive model (151,373 
echos). 

Age, E’, E/e’, E:A and indexed left atrial volume indexed to body surface area (LAVI) were 
identified in group A as markers of PH-LHD. A constant [-6.649  + (0.035 x Age) + (0.072 x E’) + 
(0.077 x E/E’) + (0.509 x E/A) + (0.03 x LAVI)] was developed and applied in group A to predict 
PH-LHD, with AUC of 0.746 (95% CI 0.729-0.762). We then validated this model on Group B, with 
AUC of 0.757 (95% CI 0.741-0.773). 
TR is not measurable in 40% of echos. We have developed a new model that can predict PH-
LHD with 75% accuracy, regardless of measurable TRV, using Age, E’, E/e’, E:A and LAVI. Our 
model may be useful in echo software to automatically calculate a probability of PH-LHD.
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CT FUNCTIONAL PARAMETERS FOCUSING ON RVOT FOR PH
Tsai Yi--Shan*[2], Chih--Hsin Hsu[1]

[1]Department of Cardiology, National Cheng Kung University Hospital, College of Medicine, National Cheng Kung University ~ Tainan ~ Taiwan, [2]Department of Diagnostic Radiology, National Cheng Kung University Hospital, 
College of Medicine, National Cheng Kung University ~ Tainan ~ Taiwan

Chest computed tomography (CT) is used for chronic thromboembolism pulmonary 
hypertension (PH) evaluation. Recently ECG-gated cardiac CT angiography (CTA) provides 
precise anatomic evaluation; however, the functional parameters for PH is scanty.
To investigate the ECG-gated cardiac CT functional parameters for predicting PH. 
From July 2010 to May 2015, 70 patients were enrolled. The severity of PH based on mean 
pulmonary artery pressure (mPAP) was divided as normal (<25), mild (25-40), moderate (41-55) 
and severe (>55). The functional CT parameters focusing on end-systolic (ES) and end-diastolic 
(ED) right ventricular outlet tract (RVOT) wall thickness (WT) and RVOT cross-sectional area (CSA) 
were measured. The section for RVOT measurement was defined as 1cm below the annulus of 
pulmonary valve. Kruskal-Wallis test was performed for different PH severity subgroup analysis. 
The receiver-operating characteristic (ROC) curves were constructed to assess the diagnostic 
accuracy of CT functional parameters in PH.

The control group consisted with 22 patients with normal mPAP (M: F=7:15, mean age: 
45.5±20.9). The disease group were with 48 patients (M: F=28:20, mean age: 47.1±16.0, 
mild:28, moderate:16 and severe:4) with PH. The RVOT-ED-WT (r=0.603, p<0.0001) revealed 
good correlation with mPAP and significant difference (p<0.001, Odds ratio: 16.21) between two 
groups using multivariate logistic regression analysis. ROC analysis demonstrated that the area 
under curve (AUC), sensitivity and specificity for RVOT-ED-WT in predicting PH was 0.88, 79.2% 
and 86.4% by using the optimized cut-off point of > 3.40. The Kruskal–Wallis test disclosed 
significant difference among different severity except the severe one. The cut-off point of RVOT-
ED-WT (> 4.11) can use to differentiate mild and moderate PH with 0.855 of AUC, 80.0% in 
sensitivity and 78.0% in specificity.
In patients with PH, RVOT-ED-WT provided information for diagnosing PH and the PH severity 
evaluation. 
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EFFICACY OF ORAL IRON SUBSTITUTION IN NONANEMIC-IRON DEFICIENT PAH PATIENTS 
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Limited data exist about the clinical relevance of nonanemic iron deficiency (ID) and the 
efficacy of oral iron supplementation in this PAH population.
In this study we aimed to investigate the prevalence of ID in PAH patients and also the 
efficacy of oral iron supplementation in nonanemic iron deficient PAH patients.
In this single center, prospective study, 105 consecutive PAH patients under PAH-specific 
therapy were studied. After a minimum 6 months period of therapy, patients’ iron 
parameters were analyzed. The clinical and laboratory data at that time were recorded 
as baseline parameters. Iron deficiency was defined as serum ferritin levels <100 μg/l 
or transferrin saturation <20%. Female patients with hemoglobin levels (Hb) <12 gr/dl 
and male patients with Hb<13gr/dl were accepted as anemic. Nonanemic-iron deficient 
patients were then randomly assigned either to oral iron substitution (Group 1) or no iron 
therapy (Group 2). After 6 months of oral iron therapy, patients’ clinical-laboratory and 
echocardiographic data were repeated. The change in parameters according to baseline 
values were studied in both groups.
Among 105 patients screened, 66 patients had ID, 34 of which were nonanemic. Among 
these 34 nonanemic patients, baseline parameters of group 1 (oral iron therapy; n=18) 
and group 2 (no iron therapy; n=16) were all similar (Table 1). After 6 months of oral iron 
therapy there was a significant improvement in NYHA functional class, and a significant 
reduction in BNP levels according to baseline values in group 1. Group 2 patients’ follow-
up parameters did not significantly differ according to baseline values (Table 2).
Iron deficiency is frequent in PAH patients; approximately 2/3 of PAH patients had ID 
and 1/3 had nonanemic ID. Oral iron subtstitution revealed significant improvement 
in exercise capacity and significant reduction in BNP levels of these nonanemic-iron 
deficient PAH patients. 
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HOW EFFICACIOUS IS THE GUIDELINE BASED RISK STRATIFICATION IN WHOLE PAH POPULATION IN ROUTINE PRACTICE?
Akdeniz Bahri*, Özpelit Ebru, Sezgin Dilek, Sevinç Can, Baris Nezihi, Sentürk Bihter
No ~ Izmir ~ Turkey

Latest ESC guideline offers a multidimensional approach with really strict target values in 
risk assessment of PAH patients. However the impact of this risk assessment on routine 
practice and its clinical implications in real life in whole PAH population had not been 
studied before.
In this study we investigated whether this risk assessment model is really effective and 
applicable in whole PAH population in real life.
Retrospective analysis of 113 patients with Group 1 PAH was performed. Among 
parameters involved in guideline risk assessment model, the ones regularly assessed 
were used for analysis. These parameters included functional classification (FC), 6-minute 
walking distance (6MWD), BNP, right atrial area (RAA) and pericardial effusion. According 
to the guideline risk model, the cut-off values for low risk definition were as follows: FC≤ 
2, 6MWD >440m, BNP <50ng/L, RAA <18mm2 and no pericardial effusion. Patients were 
divided into two subgroups according to final risk profile: Low risk group (n=27) and 
high risk group (n=86). These two groups were compared and Cox regression analysis 
was performed to analyze the efficacy of each parameter in risk model in predicting 
mortality.
The mortality was significantly lower in low-risk group (7.4% vs 33.7% p:0.008). Treatment 
strategies were not significantly different between groups. In low risk group 28.6% of 
patients received combination therapy whereas in high risk group 37.2% of patients 
received combination therapy (p=0.472). When the risk parameters were involved in Cox 
regression analysis; only the FC>2 and presence of pericardial effusion were significantly 
associated with mortality (Table 1).
The parameters with the defined cut-off values did not predict mortality in whole PAH 
population except for the FC and the pericardial effusion. We think that more validated 
risk models with meticulously determined cut-off values should be defined for the whole 
PAH population.
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RELATIONSHIP BETWEEN BALANCE AND EXERCISE CAPACITY IN PATIENTS WITH PULMONARY ARTERIAL HYPERTENSION
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Assessment of balance performance is important for both diagnostic and therapeutic 
reasons in clinical practice. Balance impairment can be cause to activity restriction and 
exercise intolerance. Decreased exercise capacity and peripheral muscle performance 
have been shown in patients with pulmonary arterial hypertension (PAH) but to our 
knowledge, there has been no study investigating the relationship between balance and 
exercise capacity. 
The aim of this study was to examine the relationship between balance and exercise 
capacity in patients with PAH.
Twenty-three patients with PAH were included in this study. Berg Balance Scale was and 
used in the evaluation of balance. Balance confidence in activities of daily living was 
assessed by Activities-Specific Balance Confidence Scale. Functional exercise capacity 

was determined by the 6-minute walk test (6MWT).
The median age of the patients with PAH were 60.0 years. The Berg Balance Scale 
showed high correlation with activity confidence and functional exercise capacity 
(p<0.05).    High correlation was found between Activities-Specific Balance Confidence 
Scale score and 6MWT distance (p <0.05).
This study showed that there is a relationship between balance and exercise capacity 
in patients with PAH. Measures of exercise tolerance can be important for balance and 
balance confidence impairments in patients with PAH. Balance performance may be 
implemented into pulmonary rehabilitation programs in patients with PAH for exercise 
capacity.
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ROLE OF CARDIAC MAGNETIC RESONANCE IN STRATIFYING THE PROGNOSIS OF PATIENTS WITH PULMONARY ARTERIAL 
HYPERTENSION
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Pulmonary arterial hypertension (PAH) is a rare disease characterised by a complex 
remodelling of heart structures. Cardiac magnetic resonance (CMR) is the gold standard 
for a non-invasive evaluation of right ventricle (RV) volumes and mass.
To define the relationship between clinical, functional, biochemical, haemodynamic and 
CMR parameters and survival in patients with PAH.
Consecutive patients with PAH referred to our centre underwent clinical, functional, NT-
proBNP plasma levels, haemodynamic and CMR evaluation. All patients were treated 
according to current guidelines. Univariate Cox analysis for survival was performed. 
Parameters with a p-value <0.1 at the univariate analysis were included in the multivariate 
analysis.
Sixty-one patients with PAH (mean age 48±17 years, 66% female) were included in the 
study. Etiology of PAH was: idiopathic/heritable (45%), associated with connective tissue 

disease (19%), congenital heart disease (10%), portal hypertension/HIV infection (23%) 
and pulmonary veno-occlusive disease (3%). Nineteen patients died during follow-up. 
Parameters significantly associated with mortality at the univariate analysis were age 
[Hazard Ratio (95% Confidence Interval): 1.043 (1.013-1.073); p= 0.005], six-minute walk 
test (6MWT) [HR: 0.995 (0.992-0.998); p <0.001], pulmonary artery oxygen saturation 
[HR: 0.952 (0.910-0.995); p= 0.030], RV wall thickness/RV end diastolic volume ratio [HR: 
0.965 (0.935-0.996); p= 0.028]. Parameters independently associated with mortality at 
the multivariate analysis were 6MWT [HR: 0.993 (0.990-0.997); p <0.001] and RV wall 
thickness/RV end diastolic volume ratio [HR: 0.956 (0.925-0.988); p= 0.007]. 
The ratio between RV wall thickness and RV end diastolic volume is associated with 
prognosis in patients with PAH independently from 6MWT and haemodynamics. This 
parameter may be used in the overall risk stratification of PAH patients.
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TRANSITION FROM SUBCUTANEOUS TREPROSTINIL TO INTRAVENOUS THERMOSTABLE EPOPROSTENOL IN PATIENTS 
WITH SEVERE PULMONARY ARTERIAL HYPERTENSION 
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Prostacyclin and prostacyclin analogues are recommended for patients with severe 
pulmonary arterial hypertension (PAH). Epoprostenol is a synthetic prostacyclin with a 
short half-life of 3–5 minutes while treprostinil is a prostacyclin analogue with a longer 
half-life of 4.5 hours. 
Presenting our experience for the transition from subcutaneous (SC) treprostinil to 
intravenous (IV) epoprostenol, as there are no established protocols. 
We prospectively studied (January 2015 to December 2016) the transition from SC 
treprostinil to IV thermostable epoprostenol in 5 patients with severe idiopathic PAH. 
The patients were on triple combination therapy with ERA, PD-5I and SC treprostinil. The 
reason for transition from SC treprostinil to IV epoprostenol was disease progression 
(WHO-FC III late) with clinical and hemodynamic deterioration. Additionally, one patient 
had severe site pain.  
Patients with mean age of 45.8 (37-57) years and mean time from PAH diagnosis and SC 

initiation of treprostinil 10.2(3-16) and 5.5 (1.5-9) years respectively, were admitted to the 
intensive care unit for the transition under close hemodynamic monitoring.  

The titration protocol was the same for all patients: down titration 5-7 ng/kg/min every 
4-6 hours for treprostinil and up titration 1-2 ng/kg/min every 2 hours for epoprostenol. 
There were 7 interventions daily, starting at 8 am and ending at 10pm. The mean dose 
of treprostinil at the beginning of transition was 78.2(51-120) ng/kg/min and the mean 
dose of epoprostenol at the end of transition was 52.6(32-80) ng/kg/min. The mean 
duration of transition was 4.3(3-6) days. There were no complications or adverse events. 
The switching ratio from SC treprostinil to IV epoprostenol was between 1.2:1 and 1.8:1.
The transition from SC treprostinil to IV thermostable epoprostenol is a safe procedure 
without complications, using a standard protocol and under close hemodynamic 
monitoring.
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INITIAL TREATMENT STRATEGY AND LONG-TERM SURVIVAL IN PULMONARY ARTERIAL HYPERTENSION (PAH)
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We have recently demonstrated the importance of treatment objectives and 
haemodynamic variables achieved after initial treatment in newly diagnosed patients 
with PAH (Boucly, et al. Eur Respir J 2016). It is not known whether the choice of initial 
mono, dual or triple PAH therapy influences survival in this cohort.
To evaluate the influence of initial monotherapy, dual or triple combination therapy on 
survival in newly diagnosed PAH patients.
We reviewed 1295 incident patients with idiopathic, heritable, or drug-induced PAH 
between 2006-2016 who were in functional class II-IV at diagnosis and were treated with 
PAH-targeted therapies within the first 4 months. Survival in each treatment group (initial 
mono, dual, triple combination) was compared to predicted survival from the French 
registry equation (Humbert, et al. Eur Respir J 2010). Uni- and multivariate Cox regression 
was performed to assess survival according to treatment group.
Patients were treated with monotherapy (n=796, 61%), dual combination (n=424, 

33%) or triple therapy (n=75, 6%). Triple therapy patients were younger with worse 
functional capacity (p<0.01), 6-minute walk distance (6MWD, p=0.03) and more severe 
hemodynamics (cardiac index 1.8±0.5 vs. dual therapy 2.2±0.6 and monotherapy 
2.5±0.7 L/min/m2). Observed three-year survival was better than predicted in all 
treatment groups: monotherapy 73% vs 63%, dual therapy 72% vs. 57%, triple therapy 
90% vs 46%. Adjusting for age, gender, functional class, 6MWD, right atrial pressure, 
and cardiac index, the use of initial triple therapy reduced the risk of death compared to 
mono- or dual therapy (HR 0.50, 95% 0.25-0.997, p=0.049). There was no difference in 
survival between the initial mono or dual therapy groups.
Initial triple therapy may reduce the risk of death in incident patients with PAH. This 
supports the notion of an aggressive early treatment strategy with 3 PAH therapies for 
newly diagnosed patients, irrespective of age or baseline characteristics.
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LONG-TERM OUTCOMES AND PREDICTORS OF SURVIVAL IN PATIENTS WITH PULMONARY ARTERIAL HYPERTENSION 
WITHOUT ACCESS TO PARENTERAL PROSTANOID THERAPY
Dimitrova Elena*[1], Postadzhiyan Arman[2], Finkov Bozhidar[2], Karatancheva Blagorodna[2], Naseva Emilia[3], Velchev Vasil[2]

[1]National Heart Hospital ~ Sofia ~ Bulgaria, [2]University Hospital “Saint Anna” ~ Sofia ~ Bulgaria, [3]Medical University - Sofia ~ Sofia ~ Bulgaria

Despite recent therapeutic advances, mortality associated with pulmonary arterial 
hypertension (PAH) remains high. Current practice guidelines recommend risk 
stratification based on a number of prognostic factors. In high-risk patients a more 
aggressive approach - upfront combination therapy including a parenteral prostanoid, is 
indicated. However, in a number of countries including Bulgaria parenteral therapy is still 
unavailable due to its high cost. 
The aim of the current study was to determine long-term outcomes and to identify 
predictors of survival in a cohort of PAH patients treated with oral PAH-specific therapy 
only.
We included 40 consecutive patients with PAH recruited between January 2011 and 
September 2014 in a single PH expert center in Bulgaria. Treatment and follow-up were 
carried out in accordance with a center-specific algorithm. All patients received initial 
monotherapy as recommended by practice guidelines at the time of the study. In case 

of inadequate clinical response (worsening or lack of improvement) oral combination 
therapy was implemented.
Median follow-up time was 442 days. Most of the patients needed escalation of therapy 
during follow-up. One- and three-year survival rates were 82.5% and 70.7%. Concomitant 
connective tissue disease and male gender were associated with a trend towards higher 
mortality. Prevalent PAH, longer time on therapy, low baseline BNP level, decrease in BNP 
level and increase in 6-minute walk distance during follow-up were predictors of survival. 
Functional class was not associated with survival probably because only 33.3% of the 
deceased patients died due to progressive right heart failure.
Although in Bulgaria treatment options for PAH are limited, long-term outcomes are 
comparable with data from contemporary registries. Our data also confirm that in the 
modern treatment era the proportion of patients dying due to progressive right heart 
failure has decreased.
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IMPROVEMENT OF PULMONARY DIFFUSION CAPACITY AFTER INTRAVENOUS IRON SUBSTITUTION IN PATIENTS WITH 
IRON DEFICIENCY AND PULMONARY HYPERTENSION
Dumitrescu Daniel*, Kramer Tilmann, Hagmanns Henrik, Gerhardt Felix, Viethen Thomas, Baldus Stephan, Rosenkranz Stephan
Herzzentrum der Universitaet zu Koeln ~ Cologne ~ Germany

Iron deficiency is a well-known phenomenon in patients (pts) with heart failure and in 
pts with pulmonary arterial hypertension. Intravenous iron substitution is an effective 
therapy. To date, little is known about the effects of iron substitution on lung function and 
pulmonary diffusion capacity (DLCO). Pathophysiological considerations suggest that 
DLCO may improve by an increase in Hemoglobin concentration (cHB). 
We analyzed whether intravenous iron substitution had a significant influence on DLCO 
in pts with pulmonary hypertension (PH), and whether changes in DLCO were mainly 
dependent on an increase in cHb. 
We analyzed 51 pts (37f, 14m) with confirmed PH (groups I-IV of the NICE classification) 
and iron deficiency, who received intravenous iron due to clinical indication. All pts were 
stable, with unchanged medication for at least 3 months. Relevant laboratory parameters as 
well as a standardized spirometry and DLCO measurement (single breath) were performed 
immediately before, and 2-12 months after iron substitution (mean observation time 182 days). 
Iron substitution was well tolerated in all pts. Ferritin levels, transferrin saturation and cHb 
significantly increased after iron substitution. DLCO also showed a significant increase. 
DLCO corrected for cHb increased, without reaching statistical significance(Figure 1A).  
However, the subgroup of pts who were followed up within 140 days of iron substitution 
(n=19) showed significant increases in DLCO, as well as in DLCO corrected for cHb (Figure 
1B). Alveolar volume and spirometry parameters did not show any significant changes. Pts 
who were followed up within 140 days did not show relevant differences in ferritin levels 
and transferrin saturation, compared to those pts who received a later follow-up.  

Patients with PH and iron deficiency show a significant DLCO improvement, mainly 
driven by an elevated cHb. Within 3 months after iron substitution, a significant cHb-
independent DLCO increase is also visible. 
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ABSTRACT B18
CORRELATES OF WHO FUNCTIONAL CLASS IN PATIENTS WITH PULMONARY ARTERIAL HYPERTENSION ASSOCIATED 
WITH CONGENITAL HEART DISEASE. RESULTS FROM CHALLENGE REGISTRY.
Feloukidis Christos*[1], Giannakoulas George[1], Vasiliadis Konstantinos[2], Frogoudaki Alexandra[3], Ntellos Christos[4], Tzifa Afroditi[10], Brili Styliani[5], Manginas Athanasios[6], Ntiloudi Despina[1], Kolios 
Marios[7], Pitsis Antonios[8], Karvounis Haralambos[1], Tsioufis Konstantinos[5], Rammos Spyridon[9]

[1]Cardiology Department, AHEPA University Hospital ~ Thessaloniki ~ Greece, [2]Cardiology Department, G. Papanikolaou Hospital ~ Thessaloniki ~ Greece, [3]Cardiology Department, Attikon University Hospital ~ Athens ~ 
Greece, [4]Cardiology Department, Tzaneio General Hospital of Piraeus ~ Athens ~ Greece, [5]Cardiology Department, Hippokrateion University Hospital ~ Athens ~ Greece, [6]Cardiology Department, Mediterraneo Hospital ~ 
Athens ~ Greece, [7]Cardiology Department, University Hospital of Ioannina ~ Ioannina ~ Greece, [8]Department of Cardiothoracic Surgery, Saint Luke’s Clinic ~ Thessaloniki ~ Greece, [9]Department of Paediatric Cardiology and 
ACHD, Onassis Cardiac Surgery Centre ~ Athens ~ Greece, [10]Department of Congenital Heart Disease, Mitera Children’s Hospital ~ Athens ~ Greece

The predictive role of WHO functional class in patients with idiopathic pulmonary arterial 
hypertension (PAH) is well known, however, the significance of WHO class in patients 
with PAH related to congenital heart disease (CHD) is yet to be defined as these patients 
are known to underestimate their exercise capacity.   
We aimed to highlight the clinical significance of WHO functional class in PAH-CHD 
patients and its association with disease complications.
Data were obtained from the national registry of adults with CHD in Greece 
(CHALLENGE).
A total of 2086 patients were included in CHALLENGE registry until September 2017 of 
which 52 (2.5%) suffered from PAH-CHD (mean age 44.9±14.3 years, 61.5% females). 
Eisenmenger syndrome was diagnosed in 78.8%, left to right shunt in 9.6%, PAH with a 

small defect in 1.9% and PAH after correction in 9.6%. Of patients, 55.8% were heavily 
symptomatic (NYHA III/IV). In terms of history of complications at baseline assessment, 
arrhythmia was reported in 40.4%, stroke in 5.8%, pulmonary thrombosis in 7.7% and 
hospitalization due to heart failure (HF) in 21.2% of patients. Heavily symptomatic 
patients (WHO class III/IV) were older (p=0.017) and were more frequently hospitalized 
for heart failure (p=0.008), while no correlation was found between advanced WHO class 
and gender, PAH-CHD classification, Down syndrome, administration of combination 
targeted therapy for PAH, arrhythmia, stroke, pulmonary thrombosis and mortality. 
Long term complications are common among patients with PAH-CHD. Advanced WHO 
class was only related to older age and heart failure hospitalization, while there was no 
association with mortality.
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EXERCISE CMR TO EVALUATE RV FUNCTION AND HEMODYNAMICS IN PAH: PILOT STUDY
Franco Veronica*, Pollock Eks Wye, Raman Subha
The Ohio State University ~ Columbus, Ohio ~ United States of America

PAH results in severe RV failure and death. Cardiac magnetic resonance (CMR) is 
considered the gold standard for RV assessment. Prognostication and PAH therapy is 
based on exercise capacity and cardiac hemodynamics. Our CMR lab has combined 
exercise testing and CMR.   
Assess RV reserve using exercise CMR in PAH patients.
Inclusion criteria: ≥ 18 years, clinically-indicated CMR. Exclusion criteria: Inability to 
exercise; atrial fibrillation; parental prostacyclins; allergy to gadolinium; and severe renal 
failure. We used a MRI-compatible in-room treadmill. We collected baseline clinical 
data. The CMR protocol obtained localizers and traditional cardiac cine images. AHA 
standards for exercise testing were followed. Immediately after the stress test, the patient 
was place back on the table and stress CMR was obtained. Subjects then recovered 
on the table and delayed-enhancing imaging was obtained.  Data obtained included 
resting and stress LV and RV end-systolic and end-diastolic volumes. RV resting and stress 

ejection fractions. 

Nine patients completed stress testing, 6 had an adequate stress test (85% of predicted 
heart rate) and 3 patient did not achieve an adequate stress and aborted their study due 
to fatigue.  No patients experienced chest pain or arrhythmia. Of the 9 patients, only 
5 patients’ followed similar CMR protocols. Data obtained included resting and stress 
LV and RV end-systolic and end-diastolic volumes for 4 of the 5 patients. Resting RVEF 
ranged 36-84%.  Stress RVEF ranged 28-67%. For 3 patients, the resting to stress EF 
decreased. One patient had an increase in RVEF and another had relatively no change in 
EF, although RV volumes increased. 
To our knowledge, this is the first attempt at combining exercise testing and CMR. 
Exercise CMR was safe in PAH patients. Although a small sample size, CMR exercise 
studies can evaluate changes in RV function with exercise in patients with PAH.
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INVESTIGATION OF HEPATIC FIBROSIS AS A NOVEL PROGNOSTIC FACTOR IN PATIENTS WITH PULMONARY ARTERIAL 
HYPERTENSION
Furukawa Asuka*, Tamura Yuichi
International University of Health and Welfare Mita Hospital ~ Tokyo ~ Japan

Recently, cardio-hepatic interaction is reported suggesting that irreversible liver fibrosis 
associated with chronic liver congestion is one of the poor prognostic factor in left heart 
failure. On the other hand, there is no report about that in right heart failure. 
We aimed to evaluate the hepatic fibrosis in patients with pulmonary arterial 
hypertension (PAH) and its contribution for prognosis in PAH.
We used real-time Tissue Elastography which can evaluate liver fibrosis noninvasively 
by using ultrasound, and calculated a liver fibrosis index; LF index. We enrolled 17 
consecutive PAH patients and 16 healthy controls, and we also evaluated the relationship 
between LF Index and disease progression. Disease progression was defined as a 
decrease from baseline of at least 15% in the 6-minute walk distance or a worsening 

in WHO functional class, the need for additional treatment of pulmonary arterial 
hypertension, a worsening of right heart catheter findings (mPAP and/or PVR increase, 
CO and/or CI decrease).
LF index in the PAH group was significantly higher than that in the healthy control group 
(1.22±0.34 vs 0.91±0.23: p<0.01). Moreover, patients with disease progression showed 
significantly higher LF Index than those free from progression (1.52±0.14 vs 1.06±0.39: 
p<0.01). And high LF Index (>1.2385) can predict disease progressions (AUC;0.894, 
sensivity;100%, specificity;81.8%).
We investigate that a silent hepatic fibrosis exists in patients with PAH, which significantly 
suggests disease progressions of PAH.
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AUDIT OF DISEASE TARGETED THERAPIES IN ADULT PATIENTS WITH PULMONARY ARTERIAL HYPERTENSION  
Gin--Sing Wendy*[1], Gibbs Simon[1], Howard Luke[1], Davies Rachel[1], Villa George[1], Lau--Walker Margaret[2], Lee Geraldine[2]

[1]Hammersmith Hospital ~ London ~ United Kingdom, [2]King’s College ~ London ~ United Kingdom

The ESC/ERS pulmonary hypertension guidelines recommend reassessing response 
to treatment in all patients commenced on therapy for pulmonary arterial hypertension 
(PAH). One factor in this assessment is WHO Functional Class (FC), with a lack of 
improvement in FC pointing towards the need for an escalation of therapy. 
This audit of current practice in a UK national referral service looks at the use of therapies 
in these patients and attempts to ascertain the reasons why their treatment may or may 
not seem to be in concordance with current guidelines.
Patients with a diagnosis of PAH in WHO FC III/IV on the census date of 31st January 
2017 were identified from data collected in a prospective database, TRIPHIC. The 
medical records for the 242 patients were then accessed to determine the decisions 
regarding therapy.
Of the patients who remained in FC III/IV, 22% were limited by co-morbidities rather than 
PAH. 20% were satisfied with their current status and declined further therapy and 19% 
of patients in whom a prostanoid infusion was clinically indicated refused it following 
informed discussion. 17% of patients had multiple co-morbidities and additional therapy 
was felt to be inappropriate following discussion at our MDT meeting. 

This audit highlighted several patients that are potentially undertreated according to 
WHO FC assessment, however, it also showed the high number of patients that do not 
want an increase to their therapy, in particular more invasive prostanoid therapy.  Further 
research is underway to understand these reasons in more depth.
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SAFETY OF SWITCHING TO RIOCIGUAT FOR THE TREATMENT OF PULMONARY HYPERTENSION: DATA FROM THE EXPERT 
REGISTRY
Grünig Ekkehard*[1], Gall Henning[2], Ghofrani Hossein--Ardeschir[2], Humbert Marc[3], Simonneau Gérald[3], Klose Hans[4], Halank Michael[5], Langleben David[6], Snijder Repke[17], Escribano Pilar[11], 
Mielniczuk Lisa[7], Lange Tobias[10], Vachiéry Jean--Luc[8], Wirtz Hubert[9], Helmersen Douglas[12], Tsangaris Iraklis[14], Barberá Joan Albert[15], Pepke--Zaba Joanna[13], Boonstra Anco[16], Rosenkranz Stephan[25], 
Ulrich Sylvia[26], Mascherbauer Regina[18], Delcroix Marion[19], Jansa Pavel[27], Gómez  Sánchez Miguel Angel[20], Klotsche Jens[21], Meier Christian[22], Pittrow David[23], Hoeper Marius M[24]
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Riociguat is approved for treatment of PAH and CTEPH. The EXPERT registry 
(NCT02092818) is an ongoing international, multicenter, prospective, non-interventional 
study that aims to obtain long-term safety data for riociguat in clinical practice.
The objective of this post hoc analysis was to investigate the safety of riociguat in patients 
who switched from another PAH-targeted therapy.
Patients receiving riociguat for ≥3 months before entry to EXPERT are defined as pretreated. 
Those receiving riociguat for <3 months before entry are newly treated. Switching was 
analyzed in the newly treated cohort. Switched patients were defined as newly treated 
patients with ≤10 days between stopping prior therapy and starting riociguat.
At the June 15, 2017 interim analysis, baseline data were available for 1201 patients 
(301 PAH, 900 CTEPH, 543 newly treated, thereof 438 non-switched, 105 switched). In 
the overall population (median duration of observation 207 days: range 01022), the 

most common study drug-related adverse events (AEs) were dizziness (3%), dyspepsia 
(2%), and hypotension (2%). The most common serious adverse events (SAEs) were right 
ventricular failure (4%), dyspnea (3%), pneumonia (3%), and syncope (2%). There were 
82 deaths overall, including 11 in switched and 26 in non-switched patients. Of switched 
patients, 8% had switched from an endothelin receptor antagonist, 2% from a prostanoid, 
and 90% from a phosphodiesterase-5 inhibitor. In switched patients, the rates of events 
per 100 person-years (adjusted for riociguat exposure during the study) were: AEs, 270 
(drug-related: 51); SAEs, 97 (drug-related: 17); hemoptysis, 2; symptomatic hypotension, 
7. Corresponding rates in non-switched patients were: 275 (67); 87 (10); 5; 6.
AEs and SAEs reported in EXPERT are consistent with the known safety profile of 
riociguat, with no new safety signals identified. Tolerability of riociguat was similar 
between switched and non-switched patients.
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RISK STRATIFICATIONS AND DEATHS IN ADULT UNCORRECTED ATRIAL SEPTAL DEFECT WITH PULMONARY 
HYPERTENSION: AN INDONESIAN EXPERIENCE
Hartopo Anggoro Budi*, Anggrahini Dyah Wulan, Dinarti Lucia Kris
Department of Cardiology and Vascular Medicine Universitas Gadjah Mada/Sardjito General Hospital ~ Yogyakarta ~ Indonesia

Pulmonary Hypertension often results as a complications of congenital heart disease. 
In developing country as Indonesia, there is high burden of congenital heart disease 
in the adults due to the lack of screening in childhood thus those adults are remain 
uncorrected. As a consequences, PH associated with this disease can develop in higher 
prevalence than that in western world. It is known that pretricuspid shunt such as ASD 
may develop PH only in smaller proportion. However, our previous data showed that 
approximately 75% of adult patients with ASD are having PH probability
This study aims to evaluate the risk stratifications and deaths among our ASD population.
We observed data from our adult COngenital HeArt Disease (COHARD)-PH Registry. 
The registry was performed since 2012 and echocardiography is gold standard for the 
diagnosis of ASD. Presence of Pulmonary Hypertension was decided based on Right 

Heart Catheterization. Patients enrolled from 2013-2016 was analysed for this study.
A total of 291 patients underwent right heart catheterization. Among those patients, 186 
(64.3%) had PH and 43 (15%) of them had Eisenmenger. The mean age of PH patients 
was 36.8±0.9 years old and 85% were female. 39 (21%) patients had NYHA fc III-IV. Mean 
PA pressure was 50±1.3 mmHg and PVR was 11.9±0.9 Wood Unit. Fifty nine (35.8%) 
patients were at worse prognosis and 12 (20.8%) were actually died during the study 
follow-up. They were having larger defect, higher PVR, higher mPAP, lower 6MWD, lower 
oxygen saturation, and higher NTproBNP level. 
The mortality rate among PH patients associated with uncorrected ASD in Indonesia is 
still high and this became a burden due their productive age. The early screening for 
CHD and prevention for the development of PH are warranted. 
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INITIAL COMBINATION THERAPY WITH RIOCIGUAT AND AMBRISENTAN IN PULMONARY ARTERIAL HYPERTENSION: A 
PROSPECTIVE OPEN-LABEL STUDY
Hirani Naushad*, Weatherald Jason, Helmersen Doug, Thakrar Mitesh, Varughese Rhea, Lydell Carmen, Fine Nowell
University of Calgary ~ Calgary ~ Canada

Initial combination therapy with ambrisentan and tadalafil improved clinical outcomes 
compared to monotherapy in patients with newly diagnosed pulmonary arterial 
hypertension (PAH). There are little data on the efficacy and tolerability of initial 
combination therapy with an endothelin receptor antagonist and riociguat.
To assess efficacy and tolerability of initial combination therapy with ambrisentan and 
riociguat in newly diagnosed PAH.
This is a prospective open-label study using upfront riociguat and ambrisentan in 20 
patients with newly diagnosed PAH and in functional class III. Patients are re-evaluated 
at 4 and 12 months. The primary outcomes are change in pulmonary vascular resistance 
(PVR) and change in cardiac index (CI). Secondary outcomes are exercise capacity, 
NT-pro-BNP, and right ventricular function on echocardiogram and cardiac magnetic 
resonance imaging.
Since 2016, 8 patients were enrolled and 6 have completed a 4-month evaluation. 

One patient developed pulmonary edema within 1 week suspicious for veno-occlusive 
disease and withdrew from the study. Median age is 47 years, 86% are female, 3 have 
idiopathic PAH, 3 have connective tissue disease-associated PAH and 1 has drug-
induced PAH. At 4 months there were improvements in mean pulmonary arterial 
pressure (53±7.6 vs. 41.5±4 mmHg, p<0.01), CI (2.0±0.63 vs. 3.8±0.63 L/min/m2, 
p<0.01), stroke volume index (27±3 vs. 54±7 mL/m2, p<0.01) and PVR (12.4±3.1 
vs. 4.6±1.2 Wood units, p<0.01). Additionally, 6-minute walking distance improved 
(343±163 vs. 412±166, p=0.03) along with a non-significant decrease in median NT-
proBNP from 1789 (range 236-10299) to 439.5 ng/L (range 52-4523) (p=0.25). All six 
patients had a cardiac index ≥ 2.5 L/min/m2 and four had a SvO2 > 65% by 4 months. 
One patient experienced significant fluid retention secondary to ambrisentan.
Initial combination therapy with riociguat and ambrisentan is well tolerated with dramatic 
improvements in hemodynamics within 4 months of treatement. 
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IMPACT OF AGE AND COMORBIDITY ON OUTCOME IN IDIOPATHIC PULMONARY HYPERTENSION: DATA FROM THE 
SWEDISH PULMONARY ARTERIAL HYPERTENSION REGISTRY
Hjalmarsson Clara*[2], Rådegran Göran[1], Kylhammar David[3], Rundqvist Bengt[2], Multing Jonas[2], Nisell Magnus[4], Kjellström Barbro[4]
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Recent reports from worldwide pulmonary hypertension registries show a new 
demographic picture of the idiopathic pulmonary arterial hypertension (IPAH) 
population. The prevalence among the elderly is increasing, with a mean age of 50 to 65 
years reported at diagnosis. 
The aim of this study was to investigate the effect of age and comorbidity on outcome in 
patients with IPAH.
Two hundred and sixty four patients were included. The study population was 
categorized in four age groups; 18-45, 46-64, 65-74, and ≥ 75 years. In a separate 
analysis, three comorbidity groups were created: 0-1, 2-3 and 4-7 comorbidities. Risk 
assessment was done according to the 2015 ESC/ERS guidelines for the diagnosis and 
treatment of pulmonary hypertension. Change in risk group from baseline to follow-up, 
and five-year survival were compared across age- and comorbidity- groups. 
Older patients were more often treated with single PAH-targeted therapy at baseline. 
In the two youngest age groups, a significantly higher number of patients improved, 

moving to a lower risk group at follow-up (18-45 years; Z = −4.613, p <0.001 and 46-64 
years; Z= −2.125, p=0.034). No significant risk improvement was found in the older 
patients. During the follow-up (median 73, IQR 37-133 months), 114 deaths and 11 lung 
transplants were recorded. Survival was highest in patients 18-45 years (88%), while the 
survival rates were 63%, 56%, and 36% for patients in the groups 46-64, 65-74 and ≥75 
years, respectively (p<0.001).  
Ischemic heart disease (HR 2.14; CI 1.21-3.78; p=0.009) and kidney dysfunction (HR 1.85; 
CI 1.09-3.14; p=0.022), but not the number of comorbidities, independently predicted 
survival in a risk change adjusted analysis.   

These findings highlight the importance of age and specific comorbidities as prognostic 
markers of outcome, suggesting the need of adding these parameters to previously 
established risk assessment algorithms. 
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EFFICACY AND SAFETY OF EARLY SEQUENTIAL COMBINATION THERAPY WITH RIOCIGUAT AND ENDOTHELIN RECEPTOR 
ANTAGONISTS IN PATIENTS WITH PULMONARY ARTERIAL HYPERTENSION: RESULTS FROM PATENT-1 AND PATENT-2
Humbert Marc*[1], Grünig Ekkehard[2], Jansa Pavel[3], Simonneau Gérald[1], Rahaghi Franck[4], Rosenkranz Stephan[5], Busse Dennis[6], Meier Christian[7], Pena Janethe De Oliveira[8], Ghofrani Hossein--
Ardeschir[9]

[1]Université Paris-Sud, Le Kremlin-Bicêtre, Service de Pneumologie, Centre de Référence de l’Hypertension Pulmonaire Sévère, DHU Thorax Innovation, Hôpital Bicêtre ~ Le Kremlin-Bicêtre ~ France, [2]Centre for Pulmonary 
Hypertension, Thoraxclinic at Heidelberg University Hospital ~ Heidelberg ~ Germany, [3]Clinical Department of Cardiology and Angiology, 1st Faculty of Medicine, 2nd Medical Department, Charles University ~ Prague ~ Czech 
Republic, [4]Department of Pulmonary and Critical Care Medicine, Cleveland Clinic Florida, Weston ~ Florida ~ United States of America, [5]Department III of Internal Medicine and Cologne Cardiovascular Research Center (CCRC), 
Cologne University Heart Center ~ Cologne ~ Germany, [6]Chrestos Concept GmbH & Co. KG ~ Essen ~ Germany, [7]Bayer AG, Global Development, Global Medical Affairs ~ Berlin ~ Germany, [8]Bayer HealthCare Pharmaceuticals 
Inc, Whippany ~ New Jersey ~ United States of America, [9]University of Giessen and Marburg Lung Center (UGMLC), Giessen, Germany, member of the German Center for Lung Research (DZL) ~ Giessen ~ Germany

Sequential combination therapy with riociguat (RIO) added to endothelin receptor 
antagonists (ERAs) or non-intravenous prostanoids improved clinical outcomes in 
PATENT-1 and -2.
Upfront combination therapy data for RIO are unavailable, but some patients in 
PATENT-1 received early sequential combination therapy with RIO following 3–6 months 
of ERA treatment before study entry. We report a post hoc analysis of this subgroup.
In the 12-week PATENT-1 trial, patients with PAH received RIO up to 2.5 mg tid (2.5 
mg-max arm), 1.5 mg tid (exploratory arm, not presented), or placebo (PBO). Eligible 
patients who entered PATENT-2 all received RIO up to 2.5 mg tid. The primary endpoint 
was 6-minute walking distance (6MWD); secondary endpoints included WHO functional 
class (WHO FC), clinical worsening, and safety. Observed data are presented as 
mean±standard deviation.
In PATENT-1, 58 patients received early sequential combination therapy of RIO added 

to ERAs: 2.5 mg-max arm, n=38; PBO, n=12. At baseline, 6MWD was 350±80 m and 
364±72 m in the 2.5 mg-max and PBO arms, respectively; all patients were in WHO FC 
II/III (32/68% and 33/67%). At Week 12, 6MWD had increased by +28±53 m with RIO 
and decreased by −13±73 m with PBO; WHO FC improved/stabilized in 24/76% and 
20/80% of patients. Clinical worsening occurred in 1 (3%) RIO and 2 (17%) PBO patients. 
In PATENT-1, 18% of patients in the 2.5 mg-max arm and 42% PBO patients reported 
serious adverse events. In PATENT-2, the incidence of SAEs per 100-person years was 85 
in the early sequential subgroup (n=54) and 70 in all other patients pretreated with ERAs 
(n=113). The effects of RIO on 6MWD and WHO FC were maintained at 2 years and 
estimated 2-year survival in the early sequential subgroup was 96% (95% CI: 85–99%), 
compared with 93% (95% CI: 90–95%) in PATENT-2 overall.
Early sequential combination therapy with RIO added to ERAs in stable patients with PAH 
showed beneficial effects, similar to those seen overall in the PATENT trials.
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HIGH-DENSITY LIPOPROTEIN CHOLESTEROL AND INFLAMMATORY MARKERS IN PREDICTION OF LONG-TERM 
RESPONSIVENESS TO CALCIUM CHANNEL BLOCKERS IN PATIENTS WITH IDIOPATHIC PULMONARY ARTERIAL 
HYPERTENSION
Jonas Kamil*, Waligora Marcin, Magon Wojciech, Stepniewski Jakub, Podolec Piotr, Kopec Grzegorz
Department of Cardiac and Vascular Diseases Jagiellonian University Medical College ~ Krakow ~ Poland

Pulmonary vasoreactivity (VR) is an important prognostic marker in idiopathic pulmonary 
arterial hypertension (IPAH). Metabolic alterations and systemic inflammation can 
influence vascular function and have been associated with increased mortality in IPAH.
To assess the association between alterations in lipid metabolism, inflammation and 
long-term VR of pulmonary vasculature in IPAH patients.
Between 2009 and 2015 we recruited consecutive patients diagnosed with IPAH in a 
single pulmonary hypertension center. Patients were classified as long-term responders 
in case of positive result of acute VR test and if remained stable on calcium channel 
blocker therapy for at least 1 year. We assessed baseline lipid profile, glucose level, high 
sensitive CRP (hsCRP), interleukin-1β  (IL-1β) and interleukin-6 (IL-6). Established IPAH 
severity markers were analyzed: WHO functional class (WHO-FC), 6-minute walk distance 
(6-MWD), N-terminal pro-brain natriuretic peptide (NT-proBNP) serum level, cardiac 

index (CI), right atrial pressure (RAP) and pulmonary vascular resistance (PVR).
We enrolled 66 IPAH patients, aged 49.4±17 years (43 females). Patients classified as 
long-term responders (n=9) were characterized by higher HDL cholesterol (HDL-C), 
lower IL-1β, IL-6 and hsCRP than non-responders (n=57). Non-responders presented 
with more severe disease defined by higher WHO-FC, NT-proBNP level, RAP and PVR, 
lower 6-MWD and CI than long-term responders. In multivariate regression analysis 
higher HDL-C level predicted long-term VR (OR=641; 95%CI=15-26540; p<0.001) 
independently of IPAH severity markers and other laboratory parameters. Higher HDL-C 
was also associated with lower levels of inflammatory markers: IL-1β (R=-0.41, p=0.004), 
IL-6 (R=-0.32, p=0.03) and hsCRP (R=-0.28, p=0.03).
In IPAH patients HDL-C level is inversely correlated with markers of inflammation and can 
predict long-term responsiveness to calcium channel blockers.



Nice February 27-28 / March 1, 2018 148

February 28, 2018
CLINICAL SCIENCE - 06 RISK STRATIFICATION AND MEDICAL THERAPY OF PULMONARY ARTERIAL 
HYPERTENSION 
ABSTRACT B28
OUTCOME OF COMPRESSION OF LEFT CORONANY ARTERY IN PATIENTS WITH SEVERE PULMONARY ARTERIAL 
HYPERTENSION ASSOCIATED WITH CONGENITAL HEART DISEASES
Jung Jo Won*, Lee Sang Eun, Chang Hyuk--Jae, Jung Se Yong, Choi Jae Young, Shin Yu Lim, Park Han Ki, Park Young Hwan
Yonsei University College of Medicine ~ Seoul ~ Korea, Republic of

Pulmonary artery(PA) dilatation is one of  the characteristics of  long-lasting pulmonary 
arterial hypertension(PAH).  The enlarged  PA  may  compress  externally  the left coronary 
artery(LCA), which can leads to potentially left ventricle ischemia and sudden cardiac 
death.  However, such complications of PA enlargement in PAH is not well documented.  

We explored the prevalence of compression of LCA related to the risk of sudden cardiac 
death in patients with PAH, and the value of cardiac computed tomography (CT) for 
the detection.  As its treatment option for complete resolution, we suggest open heart 
surgery including PA angioplasty in PAH-CHD patients with LCA compression. 

From Jan. 2010 to Feb. 2017, medical records had retrospectively reviewed in PAH 
adult patients with PA dilatation in short axis view of transthoracic echocardiography, 
those assessed  with  heart CT angiography and/ or cine-angiography with cardiac 
catheterization.

Total 51 patients (mean age 49±13, 33.3% male) were enrolled. However, complications 
associated with PA dilatation were found in 18 patients (35.1%): LCA compression 
were in 18 of 51(35.1%), almost in patients with CHD (16 of total 18 patients with LCA 
compression); PA dissection, 1 of 51; and thrombus in PA, 4 of 51. Of total 16 patients 
with CHD shown LCA compression in CT, only 4 patients revealed critical compression 
of LCA in coronary angiography. One patient with severe LCA compression underwent 
invasive coronary angiography and received angioplasty with stent placement at the os 
of main LCA. In the others, open heart surgery for angioplasty of PA reduction and had 
done successfully. 

The complications of PA enlargement related to long standing PAH was high mostly in 
PAH-CHD.  As its treatment for risk eradication, we suggest corrective surgery with main 
PA angioplasty in PAH-CHD patients with LCA compression. Evaluation of LCA using CT 
scanning should be considered in PAH patients with dilated PA in regular followup. 
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EARLY EXPERIENCE OF MACITENTAN FOR THE TREATMENT OF PULMONARY ARTERIAL HYPERTENSIONC WITH 
CONGENITAL HEART DISEASES  IN SINGLE CENTER.
Jung Jo Won*, Chang Hyeok Jae, Jung Se Yong, Choi Jae Young
Yonsei University College of Medicine ~ Seoul ~ Korea, Republic of

Macitentan is a novel dual endothelin receptor antagonist recently approved for the 
treatment of symptomatic pulmonary arterial hypertension (PAH). Macitentan has 
improved tissue targeting, a longer duration of action and is available as a once daily 
oral medication. However, there was no study reported for patients with congenital heart 
diseases(CHD). 
We describes the early experience with macitentan for the treatment of PAH with CHD  in 
single center.
Between 2016 and June 2017, patients received with macitentan to treat PAH were 
enrolled retrospectively in single center institution. They were confirmed PAH diagnosis, 
and received with macitentan, and phosphodiesterase type 5 inhibitors, or/and oral or 
inhaled prostanoids in 141 patients. We reviewed medical records to evaluate clinical 
hemodynamic parameters. 

Among 141 patients, 60 patients diagnosed as PAH with  CHD. Those underwent 
transcatheter device closure or previously open heart surgeries or not. Duration of 
followup was 8.96±2.281 months. Of all patients, 106 patients were female(75.1%). 
Unfavorable changes from baseline to followup by WHO functional class were in 
6 patients, and they needed to receive other medications with bocentan or other 
endothelin receptor antagonists. In 22 patients, estimated of systolic pulmonary arterial 
pressure(sPAP) after macitentan treatment were elevated than baseline. The others were 
similar or reduced sPAP. Only 1 patient revealed anemia, and 1 patients was lost after 
macitentan received only 1 month due to aggravated PAH. 
Macitentan was very effective for patients with PAH with CHD, and relatively safe. 
However, even its use for long term has been still unknown, it would be expectable for 
patients with PAH. 
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CLINICAL COURSE OF INITIAL ORAL COMBINATION THERAPY FOR THE TREATMENT OF PAH IN SYSTEMIC SCLEROSIS
Kawaguchi Yasushi*, Ichimura Yuki, Higuchi Tomoaki, Takagi Kae
Institute of Rheumatology, Tokyo Women’s Medical University ~ Tokyo ~ Japan

The mortality of patients with pulmonary arterial hypertension (PAH) has been 
strikingly improved in past decade. This progression of therapy is well known to result 
from the development of several specific PAH drugs. Besides idiopathic PAH (iPAH), 
PAH-associated systemic sclerosis (SSc) has been still a life-threaten disorder, even 
though monotherapy using a PAH specific drug was performed according to the 
recommendation of 5th World Symposium of PH. However, a new recommendation of 
ESC/ERS in 2015 indicated an initial combination therapy as well as monotherapy.
In this study, we retrospectively looked at the clinical courses of patients with SSc-
associated PAH under oral initial combination therapy using endothelin receptor 
antagonist and phosphodiesterase 5 inhibitor.
We consecutively treated 16 patients with SSc-associated PAH using initial oral 
combination therapy between 2010 and 2014. In the WHO Functional Class (FC), three 
patients were FC III, 10 patients were FC II, and 3 patients were FC I. All patients were 

primarily estimated by right heart catheterization and echocardiography. The mean of 
mean pulmonary artery pressure (PAP) was 31 mmHg. The pulmonary artery wedge 
pressure (PAWP) in all patients was less than 13 mmHg. Eight patients with SSc were 
complicated with interstitial lung disease (ILD), but %FVC of them was more than 70%.
All of patients were observed more than 2 years using oral combination therapy. 
The survival was 100% in 2 years. We monitored serum NT-proBNP, estimated right 
ventricular systolic pressure, and WHO FC. All of these indicators were improved in all 
patients for two years. Until now, oral combination therapies have been continued in 15 
patients, and one patient was dead due to cardial dysfunction.
In clinical experiences in Japan, we concluded that oral initial combination therapy for 
SSc-associated PAH could be efficacy and safety. Especially, therapy for early phase of 
PAH (WHO FC I and II) might be more efficient.
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RAPID SEQUENTIAL COMBINATION THERAPY WITH PDE5 INHIBITORS AND ENDOTHELIN RECEPTOR ANTAGONISTS 
SUBSTANTIALLY IMPROVES HEMODYNAMICS AT EARLY FOLLOW-UP
Kramer Tilmann*, Dumitrescu Daniel, Gerhardt Felix, Nattmann Phillip, Hohmann Christopher, Baldus Stephan, Rosenkranz Stephan
Klinik III für Innere Medizin, Herzzentrum der Universität zu Köln, Germany ~ Cologne ~ Germany

Evidence suggests that upfront combination therapy with ERA and PDE5i in patients with 
newly diagnosed PAH is associated with a reduction in morbidity and mortality events. 
No data are available on the impact of this approach on hemodynamics, and it remains 
unclear whether rapid sequential combination therapy – enabling to capture information 
about side effects and responsiveness to either drug – is also effective.
To evaluate the impact of rapid sequential combination therapy on pulmonary 
hemodynamics as assessed by right heart catheterization (RHC) at early follow-up.
26 patients with newly diagnosed PAH were treated with a PD5i or ERA, followed by 
addition of the respective other drug class within 4 weeks. All patients underwent repeat 
RHC during early follow-up. 
At early repeat RHC (8 ± 2 months), there were substantial reductions in mean PAP (48.4 
± 2.8 to 36.5 ± 2.3 mmHg; -24.6%), and PVR (11.6 ± 1.3 to 5.5 ± 0.7 WU; -52.3%), and 

an increase in cardiac index (2.0 ± 0.1 to 2.9 ± 0.1 ml/min/m2; +40.4%) (all p<0.01). 
Hemodynamic improvements correlated with improved clinical parameters including 
6-minute walking distance (320.5 ± 111.7 to 369.9 ± 113.5 m; p<0.05), NTproBNP 
levels (1.536 ± 299 to 534.8 ± 98 ng/l) and WHO-FC, and were found in patients 
without (n=19) and with cardiovascular co-morbidities (BMI > 30 kg/m2, hypertension, 
diabetes, coronary artery disease [≥3]; n=7), albeit baseline PVR in PAH patients with co-
morbidities was lower (7.2 ± 1.1 vs. 13.3 ± 1.4 WU) and PVR reduction less pronounced 
(-34.3% vs. 56.8%) compared to those without comorbidities.  
Rapid sequential combination therapy with PDE5i and ERA substantially improves 
pulmonary hemodynamics at early follow-up in patients without, and to a lesser extent, 
with cardiovascular risk factors. 
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HEMODYNAMIC AND HISTOPATHOLOGIC BENEFITS OF EARLY TREATMENT WITH MACITENTAN IN A RAT MODEL OF 
PULMONARY ARTERIAL HYPERTENSION
Kyung--Hee Kim*[2], Hyung--Kwan Kim[1]

[1]Seoul National University Hospital ~ Seoul ~ Korea, Republic of, [2]Sejong General Hospital ~ Kyunggido ~ Korea, Republic of

Macitentan (MAC) reduces morbidity and mortality among patients with advanced-stage 
pulmonary arterial hypertension (PAH). However, data regarding the histopathologic and 
hemodynamic benefits of MAC treatment at an early stage of PAH is lacking.
In the present study, we used a MCT-induced PAH rat model to explore hemodynamic 
and histopathologic benefits on the early initiation of MAC.
One week after monocrotaline (MCT)injection, rats were randomly assigned to MAC 
(MAC group, n=16), MAC combined with sildenafil (MAC+SIL group, n=16), or 
normal saline (MCT group, n=16). An invasive pressure-volume analysis using a Miller 
conductance catheter was performed 7 weeks after MCT injection.
RV-right atrial pressure gradient on echocardiography was significantly increased 3 weeks 
after MCT injection, but maintained in the sham group. RV-FAC was less deteriorated 
in the MAC group, compared to that in the MCT group (44% vs. 25%, P<0.05), and the 
co-administration of SIL showed no additional benefit (45%, P>0.05 vs. the MAC group). 
The invasive hemodynamic analysis revealed that RV end-systolic (196±78µL) and end-
diastolic volumes (310±86µL), peak pulmonary artery systolic pressure (89±7.2mmHg), 
and end-systolic pressure-volume relationship (-254±25.1) were significantly worse in 
the MCT group vs. in the MAC (101±45µL, 235±55µL, 40±10.5mmHg, and -145±42.1) 
and MAC+SIL groups (109±47µL, 242±46µL, 38±9.2mmHg, and -151±39.2) (all P<0.05). 
However, the MAC and MAC+SIL groups did not differ (all P>0.05). On histopathology, 
both RV and lung fibrosis were significantly reduced in the MAC and MAC+SIL groups vs. 
in the MCT group (all P<0.05); again, the two treatment groups did not differ. 
MAC treatment at an earlier stage significantly attenuated experimental PAH progression 
hemodynamically and histopathologically. In future, it is worthwhile to explore whether 
a single therapy with MAC in the earlier disease course may be adequate to prevent 
human PAH progression. 
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THE PROGNOSTIC VALUE OF DLCO AND PULMONARY BLOOD FLOW IN PATIENTS WITH PULMONARY HYPERTENSION
Lange Tobias*, Mergenthaler Nicoletta
University Medical Center Regensburg ~ Regensburg ~ Germany

Cardiac output (CO) is a prognostic marker in patients with pulmonary arterial 
hypertension. Pulmonary blood flow (PBF) as a surrogate for CO can be measured non-
invasively by inert gas rebreathing (IGR).
We hypothesized that PBF can predict outcome in patients with pulmonary hypertension 
(PH).
From 01/2009 to 01/2012 we measured PBF by IGR using the InnocorTM device in 
consecutive outpatients with known or suspected PH at our clinic as part of the routine 
assessment. PBF and other parameters were retrospectively extracted from the records. 
Patients with PH confirmed by right heart catheterization and a valid IGR maneuver were 
followed until 01/2016. The primary outcome was death, patients were censored at last 
contact, lung transplantation, or pulmonary endarterectomy.
We included 259 patients (mean age 65 ± 13 years, 53% female) with PH group 1 
(n=103), 2 (n=26), 3 (n=80), and 4 (n=50) according to the current PH classification 

system. The mean time between PH diagnosis and IGR was 24 months (median 9 
months). During a mean follow-up time of 44 ± 26 months, 109 patients (42%) died. 
Parameters significantly associated with survival (in order of decreasing statistical 
strength) were diffusion capacity of the lung for carbon monoxide (DLCO; chi-square 
46.9, p<0.001), 6-minute walk distance (6-MWD), age, NT pro-BNP, WHO functional 
class, group 3 PH, and TAPSE, while baseline hemodynamics and PBF were not. On 
multivariable Cox regression analysis, DLCO, age, 6-MWD, and TAPSE remained 
significantly and independently associated with outcome. DLCO as the strongest 
parameter also significantly predicted survival in subgroups of patients according to the 
PH classification system except group 4.
DLCO is strongly and independently associated with survival in patients with PH of 
different etiologies while PBF measured by IGR is not.
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PULMONARY HYPERTENSION IN KOREAN PATIENTS WITH CONNECTIVE TISSUE DISEASE: RESULTS FROM EXTENDED 
FOLLOW-UP OF A NATION-WIDE REGISTRY
Lee Shin--Seok*[2], Jeon Chan Hong[1], Park Han Ki[3]
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Connective tissue disease (CTD) is a major cause of group I pulmonary hypertension 
(PH). A nation-wide cohort of Korean patients with CTD associated PH has been 
established in 2008. 
On the 8-year follow-up of registry, data on survival and risk factors for mortality were analyzed.
Data of demographics, comorbidities, and underlying CTDs were gathered from review 
of medical charts. Predictors of mortality such as functional class (FC), 6-minute walking 
distance, pulmonary function tests, and levels of biomarkers were collected with web-
based registry. Survival rates and risk factors were analyzed with Kaplan-Meyer method 
and Cox proportional hazards regression.
A total of 240 patients were followed up and 173 of them were incident cases. Among 
incident cases, males were 19 and females were 154. The average age at diagnosis of 
PH was 52.9 years. As for underlying CTDs, 29.4% of patients had systemic sclerosis, 
followed by systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), and mixed 
connective tissue disease. Thirty-five mortalities were observed in 8 years and survival 
rates at 1-, 3-, 5-, 7th year were 89.8, 85.5, 75.9, 69.5% respectively (figure). As for 
risk factors, old age at diagnosis (HR 2.65, 95% CI 1.26-5.59, P=0.01), poor baseline 
FC of III or IV (HR 7.35, 3.89-13.9, P<0.01), and pericardial effusion at diagnosis (HR 
3.38, 1.41-8.059, P<0.01) were related with higher risk of mortality. With regard to 
treatment, patients on anticoagulation showed worse survival rate than patients without 
anticoagulation (P=0.07). Use of vasodilator therapies was related with better survival 
probability of patients but failed to show statistical significance (P=0.16).
In this extended follow-up, Korean patients with CTD-PH showed better survival compared 
to previous reports. Old age, poor FC, and pericardial effusion were related with risk of 
mortality and early application of vasodilator therapy will be needed for better outcomes. 
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FUNCTIONAL CAPACITY USING SUBMAXIMAL EXERCISE TEST IS RELIABLE PREDICTOR FOR AGGRAVATION OF 
PULMONARY HYPERTENSION
Lee Byeong--Ju*, Choi Jung Hyun
Pusan national university hospital ~ Busan ~ Korea, Republic of

The pulmonary hypertension patients showed poor functional status because of dyspnea, 
decreased activity, and accompanied muscle weakness.  
Optimal functional evaluation strategy for this patient remains unknown.  

Elucidating the patient characteristics, functional status, exercise capacity, muscle mass, 
muscle strength, and prognostic indicators of pulmonary hypertension (PAH) population.
Analyze 14 pulmonary hypertension patients’ data from Apr 2016 to July 2017. 
Evaluation of background characteristics, comorbidity, exercise capacity, muscle mass, and 
strength of pulmonary hypertension patients were conducted.  
6 minute walk test with gas analysis and body composition analysis were used.  
Comparisons of influencing factors for aggravation (re-admission or transplantation) were 
conducted.  

Epidemiological characteristics of PAH patients did not differ between each category. 
Echocardiography (TTE) findings, brain natriuretic peptide level, 6-Minute walk distance 
(6MWD), peak heart rate, oxygen pulse, and muscle power were analogous between each 
category.  
Patients suffered re-admission or transplantation surgery showed significant decreased 
percent predicted peak oxygen consumption and increased VE/VCO2 slope and muscle 
mass.  

There was no significant difference of heart function, 6MWD, and muscle strength between 
two groups. 
Poor functional status was more significant contributing factor to PAH aggravation than 
heart function.
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CLINICAL EFFICACY OF MACITENTAN IN PATIENTS WITH PULMONARY ARTERIAL HYPERTENSION: OUR EXPERIENCE IN 
ARGENTINA
Lescano Adrian*[1], Atamañuk Nicolas[4], Gregorietti Vanesa[2], Caruso Nicolas[5], Garcia  Brasca Daniela[3], Coronel Maria Lorena[6], Farina Juan[1], Perrone Sergio[2], Bortman Guillermo[5]
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Argentina, [6]Instituto Cabral ~ Corrientes ~ Argentina

Macitentan (M) has demonstrated clinical benefits in morbidity and mortality in a 
randomized trial in pulmonary arterial hypertension (PAH) patients (p). However, there is 
limited information about the clinical efficacy of this drug in real-world populations.
To evaluate the clinical efficacy of treatment with M in our PAH population in Argentina.
We performed a prospective cohort of p with PAH who started treatment with M in 
Argentina, from March 2015 to July 2016. We included those p who received M for at 
least 12 months. Functional class (FC) and 6-minute walk test distance (6MWD) were 
determined at baseline, 6 and 12 months. Clinical efficacy was defined as an improvement 
in FC from III-IV (advanced) to FC I-II (not advanced) or an increase in 6MWD > 15%. The 
data was analyzed with STATA program. T test or Chi2 were used for quantitative variables 
and Wilcoxon and McNemar test for paired variables. A p value <0.05 was defined as a 

significant difference between baseline, 6 and 12 months.
We included 221 p, 82% women, with a mean age of 47 years (SD 19). At baseline, FC 
evaluation presented the following distribution: I 2.7%, II 20.7%, III 68.4% and IV 8.2% 
(advanced FC 76.6%). At 6 and 12 months FC distribution was: I 15-17%, II 63-64%, III 
21-18% and IV 1-1 % (advanced FC 22% and 19%), with a significant statistical benefit at 
6 and 12 months (p <0.01). The mean baseline 6MWD was 304 meters (m) (SD 117). The 
mean 6MWD was 359.6 m (SD 121) at 6 months and 371 m (SD 171) at 12 months, with a 
significant increase of 18% at 6 months and 22% at 12 months (p <0.01).
In our PH cohort, administration of M was associated with a significant clinical benefit at 6 
and 12 months. This information is consistent with SERAPHIN trial results but it represents 
one of the first contributions of data on the use of this drug in a real-world scenario.
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ABSTRACT B37
MEDICATION ADHERENCE AND RISK OF HOSPITALIZATION IN PULMONARY ARTERIAL HYPERTENSION (PAH) PATIENTS 
TREATED WITH ENDOTHELIN RECEPTOR ANTAGONISTS (ERAS) OR PHOSPHODIESTERASE TYPE 5 INHIBITORS (PDE5IS)
Lickert Cassandra*[1], Hill Jerrold[2], Cole Michele[1], Wade Rolin[2], Tsang Yuen[1], Drake William[1]

[1]Actelion Pharmaceutical ~ South San Francisco ~ United States of America, [2]QuintilesIMS ~ Plymouth Meeting ~ United States of America

A previous study examined patients with pulmonary arterial hypertension (PAH)and 
reported higher medication adherence among patients treated with an ERA vs. patients 
treated with a PDE-5i.     
This study evaluated the relationship between adherence in PAH patients treated with 
ERAs or PDE5is and hospitalization risk
Using the PharMetrics Plus claims database, the patient’s most recent PAH therapy 
was identified between 1/1/2009-6/30/2015. Therapies included ERAs: ambrisentan, 
bosentan, and macitentan, and PDE5is: sildenafil and tadalafil.  Patients had continuous 
healthplan enrollment ≥3 months pre- and ≥6 months post-index.  Relationships between 
medication adherence  measured by proportion of days covered (PDC) and  percent 
hospitalized, re-hospitalized within 30 days post-discharge, and mean hospitalizations 
were analyzed with descriptive statistics and modified Cox regression using a time-varying 
measure of PDC

Among 755 ERA and 1,578 PDE5i patients, hospitalizations declined as PDC increased 
from  >20% to ≥80%.  As PDC increased from 40-59% to ≥ 80%, hospitalizations  
decreased  from 45% to 23% for ERA and from 49% to 28% for PDE-5i; and mean hospital 
admissions  per 1,000 patients declined from 714 to 352 for ERA and from 1,115 to 459 for 
PDE-5i.  For patients with PDC ≥ 80%, ERA had a lower percent hospitalized (p=0.02) and 
fewer hospital admissions (p=0.02) versus  PDE-5i.  The rate of rehospitalizations was lower 
for patients with PDC ≥ 80%  PDC < 20% (21% vs. 67% for ERA and 23% vs. 57% for PDE-
5i). Higher PDC reduced the risk of hospitalization for  ERA patients and PDE-5i patients 
(as estimated by the modified Cox model) (HR=0.549 for PDC, p=0.018 and HR=0.321 
for interaction of PDC with ERA therapy, p=0.013).  An increase in PDC from 0.50 to 1.00 
reduced risk by 58% for ERA and 26% for PDE-5i patients. 
Higher adherence to PAH medications was associated with lower risk and fewer 
hospitalizations. Reduction in risk was greater for ERA compared to PDE-5i.   
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SURVIVAL OF PATIENTS WITH PULMONARY HYPERTENSION –A SINGLE CENTER EXPERIENCE IN JAPAN-
Matsubara Hiromi*, Ogawa Aiko
National Hospital Organization Okayama Medical Center ~ Okayama ~ Japan

Pulmonary hypertension is still a progressive disease with a poor prognosis despite 
the development of various therapeutic options. We have previously reported a good 
survival of Japanese patients with idiopathic/heritable pulmonary arterial hypertension 
(PAH). However, survival of Japanese patients with other subgroups in the modern era is 
unknown. 
The aim of this study is to investigate long-term transplant-free survival and its 
determinants in Japanese patients with pulmonary hypertension.
We retrospectively reviewed data of patients with pulmonary hypertension (PAH, 
pulmonary veno-occlusive disease/pulmonary capillary hemangiomatosis, and chronic 
thromboembolic pulmonary hypertension [CTEPH]), who were treated at a single 
pulmonary hypertension center in Okayama, Japan.
A total of 570 patients (177 patients with PAH [31.0%]; 21 patients with pulmonary veno-
occlusive disease/pulmonary capillary hemangiomatosis [3.7%]; 372 patients [65.3%] 

with CTEPH) were included. Overall survival time was 13.7±0.5 years (95% CI, 12.7-14.7 
years), with 1-, 2-, 3-, 5- and 10-year survival rates of 93.7, 90.7, 88.0, 81.7 and 71.3%, 
respectively. The survival was significantly different among disease entity (log-rank, 
P<0.001). The longest survival was observed in patients with CTEPH (12.5±0.3 years [95% 
CI, 11.9-13.2 years]). Patients with pulmonary veno-occlusive disease/pulmonary capillary 
hemangiomatosis demonstrated the shortest survival (3.0±0.6 years [95% CI, 1.9-4.1 
years]). Survival for patients with PAH was 12.4±0.7 years (95% CI, 11.1-13.7 years). Survival 
depends on World Health Organization functional class at baseline for patients with PAH 
and CTEPH (P<0.001). 
Long-term transplant-free survival was investigated in patients with pulmonary 
hypertension at a single referral center in Japan. The results indicate a good survival of 
Japanese patients with PAH and CTEPH.
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MORTALITY IN PULMONARY ARTERIAL HYPERTENSION TRIALS: A COMPARISON BETWEEN META-ANALYSES
Monti Enrico*, Palazzini Massimiliano, Gotti Enrico, Dardi Fabio, Rinaldi Andrea, Albini Alesandra, Zuffa Elisa, Guarino Daniele, Pasca Filippo, Tanese Nikita, Colangelo Antonio, Rotunno Mariangela, 
Manes Alessandra, Galiè Nazzareno
University of Bologna, Department of Specialized, Diagnosticand Experimental Medicine – DIMES - Bologna/IT ~ Bologna ~ Italy

The assessment of mortality in pulmonary arterial hypertension (PAH) randomized 
controlled trials (RCT) has been performed with meta-analyses (MA) focusing either on 
monotherapy (MT) RCTs or on combination therapy (CT) RCTs.
The aim of the study is to compare the survival observed in PAH patients included in 
control arms and in treatment arms of a MA on predominantly MT-RCTs and a MA on CT-
RCTs.
The MT-MA included 3839 patients from 25 RCTs, which were followed for an average 
of 14.2 weeks. The MT-MA included 4538 patients from 16 RCTs which were followed 
for an average of 36.9 weeks. The mortality was assessed as per cent mortality per 
week calculated according to the total number of deaths in each RCT arm and the total 
treatment exposure in weeks of each RCT arm included in the two MA. For this analysis, 
disaggregated data of patients on CT only were available for EARLY, PATENT, PHIRST and 
SERAPHIN studies.
The results are shown in the Figure. The highest mortality is detected in treatment naïve 
patients randomized to placebo in the MT-MA. A large reduction of mortality is observed 
in the treated group of the MT-MA (-56%). The control group of the CT-MA has a very 
similar mortality as compared to the treated group of the MT-MA. The further reduction of 
mortality in the treated group of the CT-MA is smaller (-11%). 
The medications approved for PAH patients reduce mortality either in MT or CT. The 
reduction observed with CT in prevalent patients already on background therapy is 
detectable but small. Future CT-RCTs in PAH should continue to focus on composite 
outcome primary end-points.
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PROGNOSTIC VALUE OF 12-LEAD ECG IN PATIENTS WITH PRECAPILLARY PULMONARY HYPERTENSION
Nguyen Thomas*, Vachiéry Jean--Luc, Casado--Arroyo Rubén
Erasme University Hospital, Department of Cardiology ~ Brussels ~ Belgium

Precapillary pulmonary hypertension is defined by a mean PAP ≥ 25mmHg and a PCWP ≤ 
15mmHg, measured by right heart catheterization. Typical electrocardiography changes, 
by right ventricular overload, help with the differential diagnosis. However, the prognostic 
value given by the ECG does not alter the management of patients with precapillary 
pulmonary hypertension. 
Our study aims at confirming the prognostic value of already described ECG signs and at 
identifying new prognostic signs.
Retrospective study in the Cardiology department of the Erasme Hospital between July 
1995 and February 2017. All patients with precapillary pulmonary hypertension followed 

by the PH clinic with a recording of ECG were included.  The ECG recorded at the time of 
diagnosis and one ECG by 3 years were analyzed.
141 patients with 450 ECGs were analyzed. The median follow-up length was 6,9 years. 
All-cause mortality was 14,8%. The cumulative incidence of atrial fibrillation/flutter was 
10,6%. At baseline, 31,9% of patients had a normal ECG. In our multivariate analysis, atrial 
fibrillation/flutter during follow-up (OR 5,9 ;95% CI 1,2-28,8) and the qR complex in lead 
V1 (OR 15,6 ; 2-119,7)  were significantly associated with mortality.
In patients with precapillary pulmonary hypertension, atrial fibrillation and a qR complex in 
V1 are associated with mortality.”
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ALLERGIC TO ONE DOES NOT MEAN TO ALL
Ongen Zeki*, Kilickiran  Avci Burcak, Ongen Hurrem Gul
Cerrahpasa Medical Faculty ~ Istanbul ~ Turkey

Skin reactions are not seldom with PAH specific therapies especially with prostacyclin 
analogs.
Adverse events might not be seen with a different molecule of the same class.
A case with vasculitic skin rushes under iloprost inhaled therapy is presented
A 69 years old woman, who had a secumdum atrial septal defect closure operation at 
the age of 37, was admitted to our hospital with shortness of breath, with functional 
capacity IV.  After a thorough examination according to the current guidelines she was 
diagnosed as pulmonary arterial hypertension associated with congenital heart disease 
(PAH after defect correction). Upfront combination therapy including macitentan and 
inhaled iloprost was initiated. On the second week of her drug therapy severe vasculitic 
rushes developed on her lower limbs and trunk. After reviewing the literature and 
consulting with the dermatologists it was thought that it was due to iloprost. On the 5th 
day of stopping iloprost inhalation all of the rushes disappeared. Since the patient was still 
severely symptomatic sildenafil was added on macitentan therapy. Although there were 
no adverse reactions with the later combination therapy no improvement was observed in 
her symptoms (22 m of 6MWT). Keeping in mind that it is from the same class with iloprost, 
in accordance with the guidelines I.V epoprostenol therapy was initiated.   Currently it has 
been a month of İ.V epoprostenol therapy without any skin reactions but improvement in 
symptoms. 
It has to be kept in mind that whenever an adverse reaction of a drug is observed in order 
not to avoid the benefits of the class, it is worth to re-challenge with another molecule of 
the class. This has a paramount importance when it is epoprostenol, the only PAH specific 
drug with survival benefit. 
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CARDIOPULMONARY EXCERCISE TEST IN PULMONARY ARTERIAL HYPERTENSION PATIENTS: LONGITUDINAL CHANGES 
IN THE MODERN MANAGEMENT ERA
Panagiotidou Evangelia*[1], Pitsiou Georgia[1], Sourla Evdokia[1], Akritidou Sofia[1], Bagalas Vasileios[1], Boutou Afroditi[2], Stanopoulos Ioannis[1]

[1]Respiratory Failure Clinic, General Hospital of Thessaloniki “G.Papanikolaou”, Aristotle University of Thessaloniki ~ THESSALONIKI ~ Greece, [2]Respiratory Clinic,General Hospital of Thessaloniki “G.Papanikolaou”, Aristotle 
University of Thessaloniki ~ THESSALONIKI ~ Macedonia, Former Yugoslav Republic of

Cardiopulmonary exercise test (CPET) is a well-accepted modality used to identify 
pulmonary vascular disease and evaluate the response to treatment in pulmonary arterial 
hypertension (PAH) patients. Disproportion between pulmonary ventilation and perfusion 
is expressed by two variables: the ratio of minute ventilation to CO2 production (VE/VCO2) 
and the end-tidal carbon dioxide pressure (PETCO2). 
The study aims to examine the value of CPET in the evaluation of PAH patients.
Data from serial CPETs were collected for 26 PAH patients, which have undergone CPET 
at least twice, before treatment initiation and then at 6 month to 1 year follow up visits at 
our clinic, since 2003. 8 patients with idiopathic PAH, 10 patients with PAH associated with 
connective tissue disease, 6 CTEPH patients with persistent PH after endarterectomy, and 2 
patients with Eisenmenger syndrome were included. Treatment of patients was recorded:   
9 patients received monotherapy (sildenafil or riociguat), 13 received double combination 

therapy (PDE-5i and ERA), 3 received triple therapy (PDE-5i, ERA and prostanoids) and 
1 patient (responder) was treated with high dose amlodipine. The following variables 
were analyzed: oxygen consumption (VO2), VE/VCO2 ratio and PETCO2, all at anaerobic 
threshold (AT) and at peak exercise. Average values before treatment initiation were 
compared to the average of best values after treatment initiation. Comparisons of normally 
distributed average values were made with paired samples T-test.
Peak VO2 and VE/VCO2 at AT were significantly improved by 16.9% (p<0.001) and 6.8% 
(p<0.003) respectively. PETCO2 at AT improved by 5% (p<0.087). VO2 at AT improved by 
8% (p<0.069) and VE/VCO2 peak improved by 4.2% (p<0.193).
In the majority of patients CPET variables improved after treatment reflecting the 
amelioration of prognosis in the modern treatment era. CPET offers the ability to evaluate 
non-invasively the response to treatment in a safe and cost-effective manner.
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TREATMENT PATTERNS AND MEDICATION ADHERENCE AND PERSISTENCE AMONG PATIENTS WITH PULMONARY 
ARTERIAL HYPERTENSION IN REAL-WORLD DATABASE REPRESENTING A LARGE US HEALTH PLAN
Pruett Janis*[2], Hull Michael[1], Koep Eleena[1], Tsang Yuen[2], Drake William[2]

[1]Optum ~ Eden Prairie ~ United States of America, [2]Actelion Pharmaceuticals, US ~ South San Francisco ~ United States of America

Pulmonary arterial hypertension (PAH) is a chronic progressive disease with high pressure 
in pulmonary arterioles and increased pulmonary vascular resistance that can result in right 
heart failure and premature mortality. 
With several new medications since 2013, more information is needed regarding 
treatment patterns, persistence, and adherence. Initial and subsequent treatment 
regimens, persistence in months to discontinuation/modification and adherence as 
proportion of days covered (PDC) were examined.
Patients with a pulmonary hypertension diagnosis code treated with an approved 
medication (ERAs, PDE-5is, prostacyclins, sGCs) were identified by pharmacy claims 
(01/2010-03/2015). Patients ≥18 years old with medical and pharmacy coverage in a 
large US health plan and enrollment 6 mos. prior (with no PAH medication claim) and ≥1 
year after initiating a PAH medication were followed until plan disenrollment or study end 
(March 2016).  

1637 patients were included. 93.8% of patients initiated treatment with monotherapy 
(PDE-5is 70.0% and ERAs 26.8%). Of patients who discontinued (n=443) or modified 
(n=581) initial regimen, 78.9% did so within 1 yr. (mean±SD 7.6±9.0 months, median 4.0). 
Combination therapies comprised 42.7% (248/581) of 2nd regimens. 55.4% of patients 
initiating combination therapy did so within 6 mos. ERAs were associated with higher 
PDC (0.8±0.4 vs 0.6±0.4, p<0.001) and persistence (9.5±10.8 vs 7.5±8.6 months, p<0.01) 
than PDE-5is. Combination therapies were associated with greater persistence than 
monotherapies (11.7±11.1 vs 7.4±8.8 months, p<0.01). 

PAH patients most often initiated treatment with monotherapy, commonly PDE-5is with 
lower adherence and persistence than ERAs. Therapy adjustments to initial regimens 
occurred early and in the majority of patients. 
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HEMODYNAMIC AND EXERCISE EFFECTS OF DIFFERENT TYPES OF INITIAL ORAL COMBINATION THERAPY IN 
PULMONARY ARTERIAL HYPERTENSION
Rinaldi Andrea*, Palazzini Massimiliano, Gotti Enrico, Dardi Fabio, Albini Alessandra, Monti Enrico, Zuffa Elisa, Guarino Daniele, Pasca Filippo, Tanese Nikita, Rotunno Mariangela, Colangelo Antonio, 
Manes Alessandra, Galiè Nazzareno
University of Bologna, Department of Specialized Diagnostic and Experimental Medicine – DIMES - Bologna/IT ~ Bologna ~ Italy

Pulmonary arterial hypertension (PAH) is a severe disease for which different therapeutic 
strategies are available.
The aim of the study is to compare functional and haemodynamic changes after 3-6 
months of first line combination therapy or monotherapy with different endothelin 
receptor antagonists (ERA) and phosphodiesterase 5 inhibitors (PDE5-I) in a single centre.
Thirty consecutive naïve patients with World Health Organization (WHO) functional class 
II-III PAH were randomized to recieve monotherapy (Ambrisentan or Tadalafil) or first line 
combination therapy (Ambrisentan+Tadalafil), while we retrospectively analyzed the data 
of 153 patients with PAH in WHO functional class I-III who received monotherapy (ERA or 
PDE5-I) or first line combination therapy (Bosentan+Sildenafil or Macitentan+Sildenafil). 
At baseline and after 3-6 months of treatment, 6-minute walk distance (6MWD) and right-
heart catheterization were performed. Statistical analysis was performed using Student’s 
t-test for the analysis of baseline data versus 3-6 months within each group and for the 
comparison of the absolute changes between the groups.
Results are shown in the Table.
Monotherapy and first line combination therapy both improve hemodynamic profile and 
exercise capacity in patients with PAH; however, first line combination therapy is associated 
with larger improvements as compared with monotherapy. Monotherapy with ERAs 
and PDE5-Is showed similar results. Also combination therapy with Bosentan+Sildenafil, 
Ambrisentan+Tadalafil and Macitentan+Sildenafil had similar efficacy.
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INITIAL CLINICAL RESULTS WITH MACITENTAN IN CONGENITAL HEART DISEASE PATIENTS WITH PULMONARY ARTERIAL 
HYPERTENSION
Rueda--Soriano Joaquín*[1], Melero--Ferrer Josep Lluís[2], Chamorro--Fernández Carlos Israel[3], Buendia--Fuentes Francisco[4], Osa--Sáez Ana[1], Martínez--Dolz Luis[1]

[1]Servicio de Cardiología. Hospital Universitari i Politècnic La Fe, Valencia ~ Valencia ~ Spain, [2]Servicio de Cardiología. Hospital de Manises. ~ Manises ~ Spain, [3]Servicio de Cardiología. Hospital Virgen de los Lirios. ~ Alcoi ~ 
Spain, [4]Servicio de Cardiología. Hospital Arnau de Vilanova. ~ Valencia ~ Spain

Several congenital heart diseases (CHD) develop pulmonary arterial hypertension (PAH) 
as an evolving complication. Treatment with pulmonary vasodilators offers those patients a 
symptomatic and prognostic improvement. 
The aim of the present work is to describe the effects of macitentan treatment, regarding 
its safety and tolerability, in patients with PAH related to CHD.
All those PAH-CHD patients treated with macitentan in our hospital were included. 
Macitentan could have been added as a second vasodilator drug in patients under 
sildenafil therapy or could have replaced bosentan (withdrawn due to poor tolerance, 
clinical worsening or liver damage). Follow up period was up to 6 months. Initial and final 
assessment was performed with blood analysis, 6 minutes walking test (6MWW) and 
echocardiogram. 
Sixteen consecutive patients were included (69% female, mean age 45 ± 12 years). Seven 
patients had postoperative PAH and nine had Eisenmenger’s syndrome. Six patients 

had prior treatment with sildenafil and 5 with bosentan. Half of the patients presented 
functional class (FC) III-IV at the time of inclusion. The average 6MWW was 408 ±77 meters. 
Basal oxygen saturation (SaO2) was 90±7%, decreasing during effort to 79±10%. NT-
proBNP was, on average, 580±575 pg/dl. TAPSE could only be assessed in 12 patients, 
with a mean of value was 15±4 mm. In the follow-up, two patients developed drug 
intolerance due to hypotension, and another one presented a significant side effect. At the 
end of the follow-up period, 87% of patients remained in FC I-II. The average 6MWW was 
436±71 meters. No changes detected in SaO2 (91±7% basal and 80±10% effort). NT-
proBNP was slightly lower 504±640 pg/dl. On echo assessment TAPSE increased to 17±4 
mm. Differences achieved statistical signification in functional class (p=.03), 6MWW (p=.03) 
and TAPSE (p=.01).
In conclusion, our findings suggest that macicentan is an effective, safe and well-tolerated 
drug, improving FC of PAH-CHD patients.
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SAFETY AND EFFICACY OF SUBCUTANEOUS TREPROSTINIL IN CONGENITAL HEART DISEASE- RELATED PULMONARY 
ARTERIAL HYPERTENSION
Skoro--Sajer Nika*[1], Gerges Christian[1], Balint Olga Hajnalka[2], Kaldararova Monika[3], Simkova Iveta[3], Jakowitsch Johannes[1], Gabriel Harald[1], Baumgartner Helmut[4], Gerges Mario[1], Sadushi--Kolici 
Roela[1], Celermajer David[5], Lang Irene[1]

[1]Cardiology, Medical University of Vienna ~ Vienna ~ Austria, [2]György Gottsegen, Hungarian Institute of Cardiology ~ Budapest ~ Hungary, [3]Department of Cardiology and Angiology, Slovak Medical University and National 
Institute of Cardiovascular Diseases ~ Bratislava ~ Slovakia, [4]Division of Adult Congenital and Valvular Heart Disease, Department of Cardiovascular Medicine, University Hospital Muenster, ~ Münster ~ Germany, [5]Sydney 
Medical School, University of Sydney, ~ Sydney ~ Australia

The treatment of congenital heart disease (CHD)-associated pulmonary arterial 
hypertension (PAH) is difficult, because of a poor evidence base and the heterogeneity 
and generally poor prognosis of this patient group. Subcutaneous (SC) treprostinil therapy 
avoids complications related to the use of continuous intravenous epoprostenol, including 
embolism and line infections.
To assess the efficacy and safety of SC treprostinil in adult patients with CHD-associated 
PAH, after 12 months of treatment.
Consecutive adult CHD-PAH patients received SC treprostinil to maximum tolerated doses, 
in an observational study. 
Advanced CHD-PAH patients with WHO Class III or IV disease (n=32, age 40 ± 10 years, 
20 females) received treprostinil for suboptimal response to bosentan (n=12), WHO 
functional class IV disease (FC, n=7) or prior to bosentan approval (n=13).  The mean 
increase in 6-MWD from baseline to 12 months was 114 m (interquartile response range 

76; 152) (p<0.001).  WHO FC improved significantly (p<0.001) and BNP decreased 
from 1259 [375; 2368] pg/mL to 380 [144; 1468] pg/mL (p=0.009).  Maximum achieved 
treprostinil dose was significantly associated with improvements in 6-MWD after 6 months 
and showed a trend in significance after 12 months (r=0.536, p=0.002; r=0.375, p=0.059).  
In those 14 patients who had haemodynamic data before and after initiation of treprostinil, 
pulmonary vascular resistance decreased significantly (from 18.4±11.1 to 12.6±7.9 Wood 
Units, p<0.001).  The most common adverse events were infusion site erythema and pain. 
One patient stopped treatment because of intolerable infusion site pain after 8 months of 
treatment. No other major treatment-related complications were observed.  Five patients 
died during early follow up, having experienced a decrease in their 6-MWD prior.  

SC treprostinil therapy is a generally safe and effective treatment for Class III and IV CHD-
related PAH, for at least 12 months.  
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PARENTERAL USE OF PROSTANOIDS IN PATIENTS WITH PULMONARY ARTERIAL HYPERTENSION (PAH) IN A TERTIARY 
REFERRAL UNIVERSITY HOSPITAL
Stagaki Eleni*, Papaioannou Andriana, Pappas Athanasios, Rallidis Loukianos, Konstantonis Dimitrios, Frantzeskaki Frantzeska, Tsagkaris Iraklis, Lekakis John, Papiris Spyros, Armaganidis Apostolos, 
Orfanos Stylianos, Anthi Anastasia
Pulmonary Hypertension Clinic, University of Athens, “Attikon” Hospital ~ Athens ~ Greece

Current guidelines recommend treatment with parenteral prostanoids in patients with 
severe PAH. However, many patients die without receiving such treatment.
To evaluate the frequency of parenteral prostanoid use and the outcome of patients with 
severe PAH, treated in our hospital.
We studied retrospectively the medical records of PAH patients who were deceased 
between 2009- 2016 and compared clinical, echocardiographic and hemodynamic 
characteristics between patients treated with parenteral prostanoids and those who were 
not. Comparisons were performed taken into account the time point of the prostanoids 
initiation in patients treated with prostanoids and the time of the worst clinical condition in 
all other patients. 
50 patients were included in the analysis of whom 14 (28%) were treated with parenteral 
prostanoids. Patients treated with prostanoids had higher mean, systolic and diastolic 
PAP(mmHg) [52.0(42.8, 67.3) vs 41.0(31.5, 54), p=0.014, 77.0(68.3, 98.0) vs 64.0(53.0, 

88.0), p=0.049, and 35.5(30.8, 46.5) vs 27(18.3,36.5), p=0.006 respectively], higher 
PVR(WU), [10.3(8.0, 13,3) vs 6.3(4.6, 11.1), p=0.045], larger dimensions of the RV 
[44.0(41.0, 53.5) vs 38.0(34.5, 45.0) p=0.010], greater TVRmax (m/sec) [4.5(4.2, 5.0) vs 
4.0(3.5, 4.6) p=0.033], lower  TDI(cm/sec) [10.0(8.0, 11.0) vs 11(8.6, 14.0), p=0.039] and 
greater duration from disease deterioration to death(months) [11.0(2.0, 28.8) vs 2.0(1.0, 
8.8), p=0.007]. Kaplan Meier curve showed that patients who did not receive parenteral 
prostanoids were deceased earlier compared to patients who received such therapy 
(p=0.003, Log Rank Test). 
In our hospital all severe PAH patients were evaluated for parenteral prostanoid 
treatment. Despite the fact that patients who received parenteral prostanoids had worse 
echocardiographic and hemodynamic measurements, they had better survival compared 
to those that did not receive such therapy.
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THE GOAL OF LONG-TERM OXYGEN THERAPY TO AVOID TISSUE HYPOXIA IN PATIENTS WITH PULMONARY 
HYPERTENSION
Suda Rika*, Tanabe Nobuhiro, Naito Akira, Nishimura Rintaro, Jujo Takayuki, Sugiura Toshihiko, Sakao Seiichiro, Tatsumi Koichiro
Department of Respirology, Graduate School of Medicine, Chiba University ~ Chiba ~ Japan

Long-term oxygen therapy (LTOT) is recommended for patients with pulmonary 
hypertension (PH). However, the goal for LTOT in PH patients is not clear. 
We investigated the appropriate PaO2 to avoid tissue hypoxia, which could cause poor 
prognosis.
We retrospectively evaluated right heart catheterizations between 1983 and 2013 at Chiba 
University Hospital. We excluded the examinations with missing data or those in patients 
with shunts, and 1576 examinations were enrolled. We analyzed relationship between 
PaO2 and PvO2 and calculated the estimated value of PaO2 which was equivalent to 35 
mmHg of PvO2 (estimated-PaO2 (PvO2 35 mmHg)) based on the regression line in all 
patients, in each group classified by mPAP and/or CI and in patients with lung diseases, 

PAH or CTEPH.
The estimated-PaO2 (PvO2 35 mmHg) was higher in low-CI group (<2.5 L/min/m2) than 
that in high-CI group. This result is true in the analysis of all patients (81.6 mmHg vs. 55.1 
mmHg), non-PH patients, mild-PH patients, severe-PH patients, patients with lung diseases, 
PAH patients and CTEPH patients. These findings indicate that the goal for LTOT in low-
CI patients should be set higher than that in high-CI patients, and that the conventional 
oxygen supplementation might be insufficient in low-CI patients.
PH patients with low CI (<2.5 L/min/m2) need higher PaO2 to avoid tissue hypoxia. The 
goal of LTOT should be set above at least 80 mmHg for these patients, and medical 
treatment that could increase CI is also important for tissue oxygenation.
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DIVERSITY OF BORDERLINE PULMONARY ARTERIAL PRESSURE ASSOCIATED WITH SYSTEMIC SCLEROSIS: 4 CASE SERIES
Sugawara Eri*[1], Kato Masaru[1], Hisada Ryo[1], Nakamura Hiroyuki[1], Yuichiro Fujieda[1], Oku Kenji[1], Bohgaki Toshiyuki[1], Yasuda Shinsuke[1], Ohira Hiroshi[2], Tsujino Ichizo[2], Nishimura Masaharu[2], Atsumi 
Tatsuya[1]
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Mean pulmonary arterial pressure (mPAP) of 21 to 24 mmHg, called borderline 
pulmonary arterial pressure (BoPAP), may represent a condition of pre-pulmonary arterial 
hypertension (PAH) but has not so far been indicated for specific PAH therapy. Despite the 
recent progress in PAH-specific therapy, the outcome of patients with systemic sclerosis 
(SSc)-associated PAH still remains poor. One of the possible strategies to improve the 
prognosis of those patients would be the early detection and therapeutic intervention of 
pre-PAH conditions.
To clarify the characteristics of pre-PAH conditions in SSc patients by evaluating the clinical 
courses of BoPAP.
A retrospective chart review of 25 consecutive SSc cases who underwent right heart 
catheterization in our department between 2008 to 2017 was conducted. 
Out of 25 SSc patients, four had BoPAP, 11 had pulmonary hypertension, and 10 
had normal pulmonary arterial pressure. Case 1, a 34-year-old man with mPAP of 24 

mmHg and digital ulcer concomitantly had a diagnosis of rheumatoid arthritis and was 
successfully treated with bosentan and tocilizumab. Case 2, a 58-year-old woman with 
mPAP of 23 mmHg and interstitial lung disease had a decrease of pulmonary arterial 
pressure following the treatment with cyclophosphamide. Case 3, a 76-year-old woman 
with mPAP of 21mmHg and interstitial lung disease developed PAH during the treatment 
with cyclophosphamide and experienced severe pulmonary edema following the 
treatment with vasodilators, indicating the presence of pulmonary veno-occlusive disease. 
Case 4, a 66-year-old woman with mPAP of 23 mmHg spontaneously developed fatal PAH. 
Autopsy revealed severe medial hypertrophy and intimal thickening of pulmonary artery, 
right ventricular hypertrophy, and edematous thickening of pulmonary veins.
We present four different clinical courses of BoPAP associated with SSc, suggesting the 
diversity of BoPAP and the efficacy of frequent follow-up examinations.
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REAL LIFE EXPERIENCE WITH REVEAL RISK SCORE FOR PATIENTS WITH PULMONARY ARTERIAL HYPERTENSION
Sumer Celik*[1], Bilge Ahmet Kaya[2], Inanc Murat[4], Issever Halim[3], Okumus Gulfer[1]
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Approaches for assessing risk in PAH patients include the use of risk variables, as 
recommended in the 2015 European Society of Cardiology/European Respiratory Society 
pulmonary hypertension guidelines, and the application of risk equations and scores, such 
as REVEAL risk score
The aim of the study was to compare REVEAL estimated survival rates with our clinical 
experience.
Patients with Pulmonary arterial hypertension (PAH) followed in last 5 years in Istanbul 
Medical Faculty Pulmonary Hypertension Clinic were included in the study. Patients without 
right heart catheterization were excluded. Reveal Registry Risk Scores were compared with 
our clinics survival rates which analyzed by Kaplan Meier estimator.
Mean age of 90 patients (63 female, 37 male) was 54,4 ± 16 years, mean follow-up period 
was 35,7 ± 14  months, mean 6MWD was  313 ± 102 m, median pro-BNP level was 

443,5 pg/ml. Most of patients were functional class III (78%) and %9 were IV. Of 17.7% 
the patients had connective tissue disease, 6.6% had congenital heart disease and 75.7% 
had Idiopathic PAH.  According to REVEAL risk score the 1-year survival rates in the low 
(predicted survival ≥ 95),average (90% to < 95%), moderate (85% to < 90%), high (70% to 
< 85%), and very high (< 70%) group were 100%, 93%, 87%, 76%, and 64% respectively. 
The 1-, 3-, and 5-year survival rate is %90, %76 and %67 respectively among overall 
patients in Kaplan Meier estimator. Kaplan Meier’s 1 year survival analysis correlated with 
REVEAL’s predicted model(r=0.38 P < 0.001).
The Kaplan Meier’s 1 year survival analysis was found correlated with REVEAL’s predicted 
model(r=0.38 P < 0.001)in our study. The REVEAL risk score might be used to estimate 
survival rates in patients with PAH. 
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INFLUENCE OF INITIAL RIOCIGUAT MONOTHERAPY AND TRANSITION FROM SILDENAFIL TO RIOCIGUAT THERAPY 
IN PATIENTS WITH IDIOPATHIC PULMONARY ARTERIAL HYPERTENSION ON RIGHT HEART REMODELING AND RIGHT 
VENTRICULAR – PULMONARY ARTERIAL COUPLING 
Taran Irina*[1], Belevskaya Anna[4], Saidova Marina[2], Martynyuk Tamila[3], Chazova Irina[5]
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The influence of riociguat on right heart remodeling and right ventricular-pulmonary 
arterial coupling (RVPAC) has not previously been studied in idiopathic pulmonary arterial 
hypertension (IPAH) patients (pts).
To evaluate the influence of riociguat on functional class (FC), parameters of transthoracic 
Echo in naive pts with IPAH and in those who have failed to achieve treatment goals with 
sildenafil.
22 IPAH pts were enrolled in the study: 14 pts were treatment-naïve and 8 failed to achieve 
treatment goals with sildenafil. Riociguat was initiated for all pts at baseline with a gradual 
dose increase according to the dose titration algorithm. After 24 weeks of riociguat 
treatment all pts were assessed for FC (6 – minute walking test (6MWT), cardiopulmonary 
exercise testing (CPET) with peak oxygen uptake (Vo2 peak) and ventilatory equivalents 
for carbon dioxide (VE/Vco2 slope) determination), right heart remodeling parameters, 
interventricular (IV) interaction, and RVPAC by 2D and 3 D Echo. The RVPAC was calculated 

as Ea/Emax ratio, where Ea is the effective arterial elastance and Emax is the ventricular 
end-systolic elastance.
In both groups of pts 24 weeks of riociguat treatment resulted in significant improvement 
in 6MWT of 27% (p=0,001); increase in Vo2 peak (p=0,01) and decrease in VE/Vco2 
slope (р=0,02); FC (WHO) improvement to I in 25 % of pts. Echo demonstrated significant 
increase in RV fractional area change (p=0,03) and IV interaction improvement (p=0,03); 
an increase of RV ejection fraction of 35 % (p=0,03). The RVPAC decreased (p=0,009) as a 
result of PA Ea decrease (p=0,006) and RV Emax increase (p=0,03). A comparative analysis 
of the achieved dynamics of all the above parameters did not show differences between 
the groups.
Riociguat monotherapy and transition from sildenafil to riociguat appeared equally 
effective on IPAH pts with a pronounced improvement in right heart remodeling and 
RVPAC.
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THE VALUE OF CARDIOPULMONARY EXERCISE TESTING IN ASSESSMENT OF THE SEVERITY OF PULMONARY ARTERIAL 
HYPERTENSION PATIENTS 
Taran Irina*[1], Valieva Zarina[2], Martynyuk Tamila[3], Chazova Irina[4]

[1]Postgraduate student of Department of Pulmonary Hypertension and Heart Diseases, Scientific Research Institute of Clinical Cardiology of A. L. Myasnikov, Russian Cardiology Research and Production Complex of the Ministry of 
Health of the Russian Federatio, [2]PhD of Department of Pulmonary Hypertension and Heart Diseases, Scientific Research Institute of Clinical Cardiology of A. L. Myasnikov, Russian Cardiology Research and Production Complex of 
the Ministry of Health of the Russian Federation ~ Moscow ~ Russ, [3]Dr. Med. Sci., Head of Department of Pulmonary Hypertension and Heart Diseases, Scientific Research Institute of Clinical Cardiology of A. L. Myasnikov, Russian 
Cardiology Research and Production Complex of the Ministry of Health of the Russian Federation, [4]RAS Academician, Prof., Dr. Med. Sci., Director of Scientific Research Institute of Clinical Cardiology of A. L. Myasnikov, Head of 
Department of Hypertension, Scientific Research Institute of Clinical Cardiology of A. L. Myasnikov, Russian Cardiology Res

The parameters of cardiopulmonary exercise test (CPET) are very important tool for 
severity and prognosis assessment in patients with pulmonary arterial hypertension (PAH), 
also as for making decisions about pathogenic therapy escalation or time to additional 
therapy, such as lung transplantation. 
To evaluate the impact of CPET results on fatal events risk stratification in pts with PAH. 
55 pts with PAH (mean age 43,4+10,73 years) were underwent CPET on cycle ergometry. 
Oxygen uptake (VO2), carbon dioxide output (VCO2), minute ventilation (VE) were 
measured breath-by- breath. 
At baseline 19 pts had III functional class (FC) (WHO) with the distance in 6MWT 412 [350;488] m. 
By ECHO the mean values of right atrial area (RAa) and right ventricular basal diameter were 22,2 
+7,7sm2 and 4,57+0,35sm. The values of mean pulmonary arterial pressure and mean right atrial 
pressure (mRAP) were 53,6+12,9 / 6,9+5,3mmHg, cardiac index was 2,1+0,6 l/min/m2 according 
to the right heart catheterization. By CPET the mean values of Vo2peak and VE/Vco2slope were 
11,4+4,8ml/kg/min and 46,2+18,2. 29 pts had high risk of fatal events, 17 pts had intermediate 
risk, 9 pts had low risk. Howewer, with CPET we got the results showing, that additional 10 pts, 
who had been earlier in intermediate risk, had a high risk of mortality during 1 year. The significant 
negative correlation between Vo2peak and FC (WHO) was found (r=-0,68;p<0,0001). The 
significant positive correlation between Vo2peak and distance in 6MWT was revealed (r=0,68;p 
<0,0001). The VE/Vco2 value had significant positive correlation with pulmonary vascular 
resistance level (r=0,69;p<0,0001), RAa (r=0,5;p<0,003), mRAP (r=0,57;p<0,001).
For the assessment of achieving therapy goals CPET is one of the reliable markers to reflect the 
PAH progression. The critical role of CPET in risk stratification in PAH pts should be emphasized. 
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ENHANCED GLUCOSE METABOLISM IN THE RIGHT VENTRICULAR WALL PREDICTS A PROGNOSTIC IMPACT IN PATIENTS 
WITH PULMONARY HYPERTENSION
Tomohisa Nakamura*, Nobuhiro Tahara, Yoichi Sugiyama, Munehisa Bekki, Atsuko Tahara, Akihiro Honda, Eita Kumagai, Sachiyo Igata, Yoshihiro Fukumoto
Department of Internal Medicine, Division of Cardiovascular Medicine, Kurume University School of Medicine ~ Fukuoka ~ Japan

The myocardium changes its energy substrate from fatty acid oxidation to glycolysis under 
increased workload. 18F-fluorodeoxyglucose (FDG)-positron emission tomography (PET) can 
provide clinical information about myocardial glucose metabolism.
We aimed to examine whether enhanced right ventricular (RV) glucose metabolism evaluated 
FDG-PET has an impact for mortality/morbidity events in patients with pulmonary hypertension 
(PH).
We studied 50 patients with pre-capillary PH (41 females; mean age 55 ± 16 years; pulmonary 
arterial hypertension n=35, chronic thromboembolic PH n=5 and PH associated with chronic 
lung disease n=10), who underwent FDG-PET. FDG uptake in the RV was measured by 
maximum standardized uptake values (SUVRV). To examine the impact for mortality/morbidity 
events, endpoint was defined as clinical worsening, including all-cause mortality, hospitalization 
for the right heart failure caused by PH, and deterioration of WHO functional class and/or >15% 
reduction in 6MWD during the follow-up period.
During a mean follow-up of 28.9 months, 21 of 50 patients showed clinical worsening and 2 
died. Kaplan-Meier analysis demonstrated that the patients with SUVRV ≥ 2.0 had a higher 
mortality/morbidity events than those with SUVRV < 2.0 (95% confidence interval 1.50-11.47, 
P<0.01) (Figure).
Our results indicate that enhanced FDG uptake in the RV wall is of prognostic importance in 
patients with PH.
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HEMODYNAMIC EFFECTS OF THE ORAL PROSTACYCLIN (IP) RECEPTOR AGONIST RALINEPAG IN PULMONARY ARTERIAL 
HYPERTENSION (PAH)
Torres Fernando*[9], Farber Harrison[1], Ristic Arsen D[2], Mclaughlin Vallerie[3], Adams John[4], Turner Stewart[4], Klassen Preston[4], Escribano--Subias Pilar[5], Sood Namita[6], Keogh Anne M[7], Rubin Lewis[8]

[1]Professor of Medicine and Director of the Pulmonary Hypertension Center, Boston University School of Medicine ~ Boston, MA ~ United States of America, [2]Professor of Internal Medicine and Cardiology, Belgrade University 
School of Medicine, Assistant Director, Department of Cardiology of the Clinical Center of Serbia, Coordinator of the National Registry on Pulmonary Hypertension ~ Belgrade ~ Serbia, [3]Kim A. Eagle, MD Endowed Professor of 
Cardiovascular Medicine, Director of Pulmonary Hypertension Program, University of Michigan ~ Ann Arbor, MI ~ United States of America, [4]Arena Pharmaceuticals ~ San Diego, CA ~ United States of America, [5]Departamento 
de Cardiologia, Hospital 12 de Octubre ~ Madrid ~ Spain, [6]University of Texas Health Science Center of Houston ~ Houston, TX ~ United States of America, [7]Department of Cardiology, St Vincent’s Hospital ~ Sydney ~ Australia, 
[8]Emeritus Professor of Medicine, University of California, San Diego School of Medicine, La Jolla, CA; Adjunct Professor of Medicine, Columbia University College of Physicians and Surgeons ~ New York, NY ~ United States of 
America, [9]Medical Director of Lung Transplantation, Head of Pulmonary Hypertension Program, UT Southwestern Medical Center, ~ Dallas, TX ~ United States of America

Ralinepag is an oral, non-prostanoid, IP receptor agonist with optimized receptor activation and 
a half-life of ~24 hours. Ralinepag has antiproliferative and vasodilatory activities on pulmonary 
smooth muscle cells and pulmonary arteries. 
We evaluated the efficacy, safety, and tolerability of ralinepag in a multinational double-blind 
Phase 2 study. 
Adults with stable functional class (FC) II–IV PAH and 6-minute walk distance (6MWD) of 100–
500 m, on single or dual background PAH treatment, were randomized 2:1 to receive ralinepag 
(n=40) or placebo (n=21) for 9 weeks of titration, then 13-week maintenance. Treatment was 
initiated at 10 µg twice daily (bid) and titrated weekly up to 300 µg bid, as tolerated. Right heart 
catheterization was performed at baseline (BL) and at 22 weeks. The primary efficacy endpoint 
was change in pulmonary vascular resistance (PVR) from BL to Week 22. Additional analyses 
included changes in 6MWD, hemodynamics, safety and tolerability. 

Subjects were FC II/III/IV (56%/42%/2%) with mean 6MWD of 378±104 m (SD). BL median 
PVR was 705 (ralinepag) and 480 (placebo) dyn·s·cm^–5. 35% of ralinepag subjects and 52% 
of placebo subjects were receiving background monotherapy; 65% and 48%, respectively, 
were receiving dual therapy. Ralinepag reduced median PVR by 163.9 dyn·s·cm^–5 from BL, 
compared with a 0.7 dyn·s·cm^–5 increase on placebo (P=0.02). Subjects receiving ralinepag 
had a 29.8% reduction in PVR compared with placebo (P=0.03), and a 20.1% reduction from 
BL. 6MWD increased by 36.2 m in the ralinepag group, which was not significantly different 
from placebo. There were two deaths, both in the placebo group. Serious adverse events (AEs) 
occurred in 10% of ralinepag subjects and 28.6% of placebo subjects. The most common 
treatment-emergent AEs were as expected for prostacyclin receptor agonists.
Ralinepag significantly reduced PVR compared with placebo in subjects with FC II–IV PAH on 
single or dual background therapy.
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IS REDUCED SYSTEMIC ARTERIAL STIFFNESS A NOVEL SURROGATE INDEX OF SEVERITY IN PATIENTS WITH GROUP 1 
PULMONARY ARTERIAL HYPERTENSION?
Triantafyllidi Helen*[1], Apostolopoulou Olympia[2], Dimitris Benas[1], Palaiodimos Leonidas[1], Varoudi Mary[1], Pavlidis George[1], Anthi Anastasia[2], Rallidis Loukianos[1], Stylianos Orfanos[2], Tsagkaris 
Hraklis[2], Ikonomidis Ignatios[1], Armaganidis Apostolos[2], Lekakis John[1]

[1]2nd Department of Cardiology, Medical School, University of Athens, ATTIKON Hospital ~ Athens ~ Greece, [2]2nd Department of Critical Care, Medical School, University of Athens, ATTIKON Hospital ~ Athens ~ Greece

Increased arterial stiffness (AS) is an important determinant of cardiovascular risk. Recent data 
show evidence of impaired systemic circulation in patients with pulmonary arterial hypertension 
(PAH). 
We aimed to explore any existing relationship between AS and echocardiographic/
hemodynamic indices of severity in patients with Group 1 PAH.
77 patients with Group 1 PAH, (21 naïve/56 treated, mean age 56+15 years, 63 females)were 
diagnosed as idiopathic PAH (IPAH, n=35), scleroderma (n=29) and other connective tissue 
diseases (n=8), portopulmonary hypertension (n=2) and congenital tissue disease (n=3). All 
patients were evaluated with echocardiogram and right heart catheterization. AS was estimated 
by carotid-femoral pulse wave velocity (PWV).
The whole population was divided in two groups regarding pulmonary vascular resistance 
(PVR) tertiles. In Group A patients PVR was > 8.9 woods units (upper tertile) while in Group B 
patients PVR < 8.9 woods units (lower tertiles). Group B patients were older (51+15 vs. 59+16 

years, p<0.05) with increased systolic blood pressure (115+17 vs. 131+21 mmHg, p<0.05). 
PWV was decreased in Group A (9.8+3 vs. 11.2+4 m/sec, p<0.05). In the whole population, 
PWV was related positively with age (p<0.001) and systolic BP (p<0.01) and inversely with 
right ventricular and pulmonary artery diameter, peak and mean pulmonary artery pressure, 
transpulmonary gradient and PVR (p<0.05). In a multiple regression analysis model using age, 
systolic blood pressure and mean PAP as independent variables, PWV was independently 
related with age and BP. 
Hemodynamic and echocardiographic indices of severity in Group 1 PAH patients were related 
with reduced systemic AS. This peripheral circulation protective remodeling might be due to 
the increased PVR and subsequent low cardiac output. PWV could play a role as a surrogate 
non-invasive index of PAH severity during patients’ diagnostic work up and subsequent re-
evaluation after treatment initiation.
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THE ROLE OF SYSTEMIC ENDOTHELIAL GLYCOCALYX IN PATIENTS WITH GROUP 1 PULMONARY ARTERIAL 
HYPERTENSION
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The integrity of endothelial glycocalyx (EG) plays a vital role in vascular permeability, 
inflammation and elasticity and finally to cardiovascular disease. 
Since there is evidence of systemic circulation participation, we aimed to investigate any 
differences regarding EG dimensions in patients with Group 1 pulmonary arterial hypertension 
(PAH). 
59 patients with Group 1 PAH (15 naïve/44 under treatment, mean age 57+14 years, 49 
females) were evaluated with echocardiogram and right heart catheterization. Increased 
perfusion boundary region (PBR) of the sublingual arterial microvessels (ranged 5-25 
micrometers) using Sideview Darkfield imaging (Microscan, Glycocheck) was measured as a 
non-invasive accurate index of reduced EG thickness.
The whole population was divided in two groups, in Group A patients had idiopathic PAH 
(IPAH, n=33, 7 naïve/26 under treatment, mean age 54+16 years, 26 females) while in Group 

B patients had scleroderma related PAH (Sclero PAH, n=26, 8 naïve/18 under treatment, mean 
age 60+12 years, 23 females). No differences were found within groups regarding age, blood 
pressure, PBR levels while peak and pulmonary artery pressure (pPA, mPA) transpulmonary 
gradient (TPG) and pulmonary vascular resistance (PVR) were increased in IPAH patients 
(p<0.05). Only in Sclero PAH patients, PBR 5-25 was positively related with cardiac index 
(r=0.41, p<0.05) and negatively with the echocardiographic indices RVSP (r= -0.36, p<0.05) and 
TR velocity (r= -0.34, p<0.05).  
Endothelium in systematic circulation seems better protected in more severe cases of 
scleroderma related PAH, maybe due to increased PVR and subsequent low cardiac output. 
EG might play a role as a surrogate non-invasive index of PAH severity in scleroderma patients 
during both initial diagnostic work up and subsequent re-evaluation after treatment initiation.
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RIGHT ATRIUM ENLARGEMENT PREDICTS CLINICALLY SIGNIFICANT SUPRAVENTRICULAR ARRHYTHMIAS IN PULMONARY 
ARTERIAL HYPERTENSION.
Waligóra Marcin*, Tyrka Anna, Stepniewski Jakub, Magon Wojciech, Podolec Piotr, Kopec Grzegorz
Department of Cardiac and Vascular Diseases, Jagiellonian University Medical College at John Paul II Hospital ~ Krakow ~ Poland

Right atrial (RA) enlargement is a common finding in patients with pulmonary arterial 
hypertension (PAH) and an important predictor of mortality, however its relation to the risk of 
atrial arrhythmias has not been assessed.
To assess whether RA enlargement is associated with supraventricular arrhythmias(SVA) and 
whether it predicts new clinically significant SVA (csSVA).
Patients with PAH were recruited between January 2010 and December 2014 and followed 
until January 2017. csSVA was diagnosed if it resulted in hospitalization. To assess predictors 
of new csSVA, only patients without history of supraventricular arrhythmias at baseline were 
analyzed.
Among 97 patients, any SVA were observed in 45 (46.4%) and included permanent atrial 
fibrillation(AF, n=8), paroxysmal AF (n=10), permanent atrial flutter (AFl, n=1), paroxysmal AFl 
(n=2) or other types of supraventricular tachycardia (n=24). Patients with SVA as compared to 

patients without SVA were characterized by older age, lower 6MWD, higher NT-proBNP, higher 
RA area index (RAai), left atrial area index, mean right atrial pressure (mRAP) and were more 
commonly treated with β-blocker.  
Eighty five patients who were in sinus rhythm at baseline assessment and had no history of 
significant SVA were observed for 37±19.9 months. During that time csSVA occurred in 15.3%. 
In univariate models, the occurrence of csSVA were predicted by age, right ventricular ejection 
fraction, right ventricular end diastolic index, RAai and mRAP, but in multivariate model only 
RAai remained significant predictor for csSVA (HR of 1.23, 95%CI: 1.11-1.36, p<0.001). The 
optimal threshold for RA enlargement as discriminator of csSVA was 21.7 cm2/m2.  

In PAH patients RA enlargement is associated with increased prevalence of supraventricular 
tachyarrhythmias.  RAai is  an independent predictor of hospitalization due to SVA.
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ELECTROCARDIOGRAPHIC CRITERIA OF RIGHT VENTRICULAR HYPERTROPHY REFLECT HEMODYNAMIC IMPROVEMENT 
IN PULMONARY HYPERTENSION.
Waligóra Marcin*, Tyrka Anna, Stepniewski Jakub, Podolec Piotr, Kopec Grzegorz
Department of Cardiac and Vascular Diseases, Jagiellonian University Medical College at John Paul II Hospital ~ Krakow ~ Poland

Several diagnostic tests have been recommended for risk assessment in pulmonary arterial 
hypertension(PAH), but till now the role of ECG in monitoring of PAH patients due to lack of 
evidence is considered of less importance.
The aim of the study was to evaluate which ECG patterns characteristic for pulmonary 
hypertension(PH) can predict hemodynamic improvement in patients treated with targeted 
therapies.
Patients with PAH or chronic thromboembolic PH(CTEPH) recruited between June 2009 and 
December 2015 and followed until April 2017. Patients were eligible to be included if they had 
had performed two consecutive right heart catheterization(RHC) before and after addition of 
PAH specific therapy. Twenty four ECG patterns of right ventricular hypertrophy were assessed.
The analyzed group included 80 patients with PAH and 11 patients with inoperable CTEPH. 
The follow-up RHC was performed in 12.6±10.0 months, and based on median change of 

pulmonary vascular resistance of -17%, patients were divided into two groups: with significant 
hemodynamic improvement and without significant hemodynamic improvement. Changes in 
the following ECG parameters differed between groups:  R in V1, maxR in V1,2 + maxS in I,aVL 
– S in V1 and P in II, and they correlated with several hemodynamic parameters including ΔPVR, 
ΔmPAP and ΔCI. Electrocardiographic determinants of hemodynamic improvement were: ΔR 
in V1 (OR: 0.74, 95%CI: 0.6-0.9;p=0.004), ΔmaxR in V1,2 + maxS in I,aVL – S in V1 (OR: 0.87, 
95%CI: 0.79-0.95;p=0.003), and ΔPII (OR: 0.41, 95%CI: 0.22-0.76;p=0.005). In Cox regression 
only ΔR in V1  remained significant mortality predictor (HR: 1.12, 95% CI: 1.01-1.24, p=0.02).
Electrocardiogram may be useful in predicting hemodynamic effect of targeted therapy in 
precapillary pulmonary hypertension. Decrease R in V1, maxR in V1,2 +max S in I,aVL –S in V1 
and P in II correspond with hemodynamic improvement after treatment. Of these changes a 
decrease of R in V1 is associated with better survival.
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STRUCTURAL AND FUNCTIONAL STATUS OF THE SYSTEMIC CIRCULATION ARTERIES IN PATIENTS WITH IDIOPATHIC 
PULMONARY ARTERIAL HYPERTENSION WITH DIFFERENT FUNCTIONAL ABILITIES AND ENDPOINTS
Zhyvylo Iryna*, Titov Yevhen, Radchenko Ganna, Sirenko Yurii
National Scientific Centre «M. D. Strazhesko Institute of Cardiology» of NAMS of Ukraine» ~ Kyiv ~ Ukraine  

Pulmonary arterial hypertension is a progressive disease which characterized by proliferation 
and remodeling of the vessel wall in the small arteries of the pulmonary circulation.
The aim of the research was to study the elastic properties of the systemic circulation arteries in 
patients with idiopathic pulmonary arterial hypertension (IPAH) with different functional abilities 
and endpoints.
77 patients were examined: 45 of them were with IPAH (1st group),  32 patients with arterial 
hypertension (AH) (2rd group). We measured cardio-ankle vascular index (CAVI).
Patients with IPAH with reduced (<330m) functional abilities (FA) compared with patients 
with stored (>330m) FA, have significantly higher arterial stiffness: the level of right CAVI was 
8,18±0,27 VS 7,02±0,23 (p<0,005); the level of left - 8,43±0,30 VS 7,07±0,21 (p<0,005).  
When comparing the results of CAVI measurements of patients with reduced FA and of patients 
with AH, it was higher among patients with IPAH (the level of right 8,18±0,27 VS 7,53±0,21, 

p<0,08 and the level of left 8,43±0,30 VS 7,39±0,20, p<0,006).   
The CAVI of patients with IPAH who died during the observation period was significantly 
higher compared to the results of surviving patients: the level of right 8,60±0,42 VS 7,01±0,20 
(p<0,001); the level of left - 8,53±0,46 VS 7,03±0,17 (p<0,001).  
Patients with IPAH who died during the observation period have the result of CAVI that was 
significantly higher compared with patients with AH: the level of right 8,60±0,42 VS 7,53±0,21, 
p<0,05 and the level of left 8,53±0,46 VS 7,39±0,20, p<0,05

Consequently, in addition to all known risk factors for complication and 1 year mortality among 
patients with IPAH, it may be possible to use CAVI as an indicator of arterial lesions of the 
systemic circulation.
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PROGNOSTIC VALUE OF ELECTROCARDIOGRAM IN PATIENTS WITH IDIOPATHIC/HEREDITARY PULMONARY ARTERIAL 
HYPERTENSION
Zuffa Elisa*, Dardi Fabio, Tanese Nikita, Palazzini Massimiliano, Gotti Enrico, Rinaldi Andrea, Monti Enrico, Albini Alessandra, Guarino Daniele, Pasca Filippo, Rotunno Mariangela, Colangelo Antonio, 
Manes Alessandra, Galiè Nazzareno
University of Bologna, Department of Specialized Diagnostic and Experimental Medicine – DIMES - Bologna/IT ~ Bologna ~ Italy

Pulmonary arterial hypertension (PAH) prognosis is related to right ventricular function; 
anyway, among parameters that describe right ventricular adaptation, the predictive value of 
electrocardiogram is conflicting.
The aim of this study is to evaluate the predictive value of electrocardiographic parameters 
together with clinical, haemodynamic and echocardiographic characteristics in patients with 
idiopathic/hereditary PAH.
Incident patients with idiopathic/hereditary PAH referred to our centre underwent clinical, 
functional, haemodynamic and electrocardiographic evaluation. All patients were treated 
according with current guidelines. Univariate Cox analysis for survival was performed. 
Parameters significant at the univariate analysis with a p-value <0.1 were included in the 
multivariate analysis.
From October 1993 to July 2015, 333 patients [mean age: 48 years old, WHO functional class 

(FC) III/IV: 67%, female: 60%] were enrolled. Predictors of death at the univariate analysis were: 
age, gender, WHO-FC, six minute walking test, right atrial pressure, cardiac index, pulmonary 
vascular resistance, pulmonary arterial oxygen saturation, right atrial and ventricular area index, 
tricuspid regurgitation, Tei index, heart rate, PR interval, QRS width and axis, right bundle 
branch block (RBBB), T axis and QTc length. At the multivariate analysis only gender, age, six 
minute walking test, right atrial area index, heart rate and right bundle branch block were 
independently associated to prognosis.
The only electrocardiographic parameter independently associated to prognosis in patients 
with PAH is RBBB. These data outline the importance of intraventricular conduction in the 
remodelling of right ventricle and suggest the role of the electrocardiogram in the prognostic 
stratification of patients with PAH.
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PERCUTANEOUS ATRIAL SEPTOSTOMY WITH PERIPHERAL STENT IN A PATIENT WITH SYNCOPE AND REFRACTORY 
PULMONARY ARTERIAL HYPERTENSION AND MILD HYPOXIA
Velchev Vasil*
St. Anna Hospital ~ Sofia ~ Bulgaria

Syncope is frightening symptom associated with poor prognosis in patients with pulmonary 
hypertension. Atrial septostomy improves cardiac index and functional class in appropriately 
patients with pulmonary hypertension and preserved oxygen arterial saturation, and has been 
shown to improve syncope. Major challenges are to achieve predictable right to left shunting 
and to maintain long term septostomy patency.
We report the case of stent support atrial septostomy in a man with severe pulmonary 
hypertension and syncope and arterial hypoxia.
Case report

Percutaneous iliac stent (5/12) deployment across the interatrial septum using fluoroscopy. 
Stepwise postdilation guided by arterial desaturation and left ventricular end-diastolic pressure.
The patient improved in all clinical parameters (BNP, six-minute walk test, dyspnoea score), and 
was free of syncope up to 1 year of follow-up. Stent was patient till the end of the follow-up. 

Atrial septostomy using peripheral stents to maintain patency may play a role in the treatment 
of patients with advanced pulmonary hypertension who do not respond to targeted therapy.
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POTENCY, SELECTIVITY, AND COMPARATIVE PLATELET AND VASCULAR ACTIVITY OF RALINEPAG ACTING ON IP 
RECEPTORS IN HUMAN TISSUES
Adams John*[3], Whittle Brendan[1], Shen Lei[2], Patel Jigisha[2], Clapp Lucie H[2]

[1]William Harvey Research Institute, Barts and the London School of Medicine, Queen Mary University of London ~ London ~ United Kingdom, [2]Institute of Cardiovascular Science, University College London ~ London ~ United 
Kingdom, [3]Arena Pharmaceuticals ~ San Diego, CA ~ United States of America

Ralinepag is a novel, oral, selective, potent prostacyclin receptor (IP) agonist in development for 
pulmonary arterial hypertension (PAH). In Phase 2, ralinepag significantly improved pulmonary 
vascular resistance in patients with functional class II–IV PAH on single or dual background 
therapy.
To examine human IP binding affinity and selectivity of ralinepag and compare its functional 
receptor activation to that of selexipag and iloprost on human platelets, pulmonary artery 
smooth muscle cells (PASMCs), and pulmonary arteries (PAs).
Potency, selectivity, and functional assays, including cAMP accumulation and cell proliferation, 
were conducted in human prostanoid-receptor-expressing Chinese hamster ovary (CHO) cells 
and human PASMCs from patients with PAH. Human platelet responses were measured by light 
transmittance aggregometry. Distal PAs were mounted in a myograph and preconstricted with 
U46619.

Ralinepag had high binding affinity (Ki=3.4 nM) and selectivity (42- to >2,900-fold greater vs 
related prostanoid receptors) at the human IP. Iloprost, ralinepag, and MRE-269 (selexipag 
metabolite) increased cAMP in IP-expressing CHO cells (EC50 3.3, 24, and 151 nM, 
respectively), and ralinepag and MRE-269 had a lower EMax (67% and 48%) relative to iloprost. 
Ralinepag inhibited PASMC proliferation (IC50 14 vs 155 nM) and human ADP-stimulated 
platelet aggregation (IC50 40 vs 288 nM) more potently than MRE-269. In PAs, ralinepag 
caused greater relaxation (EMax 98%) than iloprost and MRE-296 (EMax 84% and 59%), being 
more potent than MRE-269 (EC50 449 vs 1579 nM).
Ralinepag is a potent IP partial agonist with robust pharmacological responses in human 
platelets, PAs, and PASMCs. Ralinepag had greater functional potency and efficacy than the 
active selexipag metabolite, MRE-269, and a favorable vasorelaxant profile compared with 
iloprost and MRE-269, providing rationale for further investigation of ralinepag in PAH.
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SILDENAFIL ADDED TO PIRFENIDONE IN PATIENTS WITH ADVANCED IDIOPATHIC PULMONARY FIBROSIS (IPF) AND 
PULMONARY HYPERTENSION (PH): A PHASE IIB, RANDOMIZED, DOUBLE-BLIND, PLACEBO-CONTROLLED STUDY
Behr Jürgen*[1], Nathan Steven D[2], Harari Sergio[3], Wuyts Wim[4], Kirchgaessler Klaus--Uwe[5], Bengus Monica[5], Gilberg Frank[5], Wells Athol U[6]

[1]Department of Internal Medicine V, LMU and Asklepios Fachkliniken Gauting, Comprehensive Pneumology Center ~ Munich ~ Germany, [2]INOVA Heart and Vascular Institute, Inova Fairfax Hospital ~ Vienna, VA ~ United 
States of America, [3]U.O. di Pneumologia e Terapia Semi-Intensiva Respiratoria, Servizio di Fisiopatologia Respiratoria ed Emodinamica Polmonare, Ospedale San Giuseppe, MultiMedica IRCCS ~ Milan ~ Italy, [4]Department of 
Pulmonary Medicine, Unit for Interstitial Lung Diseases, University of Leuven ~ Leuven ~ Belgium, [5]F Hoffmann-La Roche, Ltd. ~ Basel ~ Switzerland, [6]Interstitial Lung Disease Unit, Royal Brompton Hospital ~ London ~ United 
Kingdom

Pirfenidone (PFD), an oral antifibrotic drug, is one of two treatments approved for IPF, a 
progressive and fatal interstitial lung disease (ILD). Pulmonary vascular disease is part of IPF 
pathobiology and PH is common in patients with advanced disease. Studies of bosentan, 
ambrisentan, macitentan and riociguat in IPF, and sildenafil (SIL) in PH in the context of IPF, have 
borne inconclusive results. In a substudy of STEP-IPF, SIL had beneficial effects in patients with 
right ventricular systolic dysfunction compared with placebo;1 studies of SIL in IPF revealed no 
safety signals. 
This Phase IIb study (NCT02951429) will assess the efficacy, safety and tolerability of SIL (20mg) 
or matched placebo in 176 patients with advanced IPF and PH who are tolerating PFD at stable 
dose. 
Patients with advanced IPF (diffusing capacity for CO [DLCO] ≤40% pred) and risk of Group 
3 PH (mean pulmonary arterial pressure [mPAP] ≥20mmHg with pulmonary arterial wedge 
pressure ≤15mmHg on a previous right-heart catheterization [RHC], OR intermediate/high 
probability Group 3 PH per the 2015 ESC/ERS guidelines, ie. peak tricuspid valve regurgitation 

velocity ≥2.9m/s) are eligible. In patients with advanced IPF, mPAP >17mmHg, and in those 
undergoing RHC for any reason, mPAP ≥19 mmHg is associated with increased mortality.2,3 
Thus, an inclusion criterion of mPAP ≥20 mmHg was chosen based on RHC. The composite 
primary endpoint will consider ≥15% decline in 6MWD, respiratory-related non-elective 
hospitalizations and all-cause mortality, and was expanded from the primary endpoint of 
6MWD used in earlier SIL studies. 
N/A
PH therapies are unlikely to address the underlying fibrotic changes in IPF, whilst antifibrotics 
are unlikely to affect perfusion abnormalities in patients with ILD. Combination treatment with 
SIL and PFD may address unmet needs in patients with IPF and PH.  
1Han et al. Chest. 2013  
2Hamada et al. Chest. 2007  
3Maron et al. Circulation. 2016  
Funding: F. Hoffmann-La Roche Ltd.  
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INDIVIDUALIZED HOME-BASED EXERCISE PROGRAM FOR THE IDIOPATHIC PULMONARY ARTERIAL HYPERTENSION 
PATIENTS: MULTIPLE CASE STUDY
Butane Lina*, Šmite Daina, Skride Andris
Latvian ~ Riga ~ Latvia

Exercise-based rehabilitation has been proved as a benefical additional non-pharmacological 
treatment in patients with stable PAH. Majority of studies include hospital-based supervised 
programs. Home-based self and telemonitored exercises could be safe and effective to 
increase excercise capacity and HRQoL.
To analyse the applicability and results of the individualized home-based exercise program for 
the iPAH patients.
Analysable phenomenon – individualized home-based exercise program for the iPAH patients. 
Analysable units: The applicability of the individualized home-based exercise program; 
Results of the individualized home-based exercise program. 6 patients were analysed. In the 
descriptive data analysis the inductive strategy method was used.
By all participants the study program was completed in ≥40 days from the 60 predicted 
activity days. 4 patients completed program in >50 days. None of the participants was forced 

to interrupt the execution of the exercises, for none of the patients any of the critical signs 
reached ”risk zone”, and  for none of the participants the aggravation of the symptoms in 
regard with the program was observed. The 6MWD improved for the 5 of the 6 participants, 
and by increasing the excursions of the thorax at the level of the lower part of the rib cage, 
the breathing stereotype for all participants changed. The SF36v2 indicator – the influence of 
the physical functional status on the involvement in work and other daily activities – showed 
positive dynamics for the 5 participants and the self-evaluation marks of the emotional status for 
participants stayed high (>70%) throughout the study.
Our home-based exercise programme included in patients daily activities with self and 
telemonitoring in clinically stable iPAH patients shows good adherence and gains in physical 
functions and HRQoL. This study hypothese support the need for RCT for further investigation 
and approval of the results.
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UDENAFIL FOR THE TREATMENT OF PULMONARY ARTERIAL HYPERTENSION
Chang Hyuk Jae*[1], Song Shin--Jeong[1], Chang Sung--A[2], Kim Hyung Kwan[3], Kim Duk--Kyung[2]

[1]Division of Cardiology, Severance Cardiovascular Hospital, Yonsei University Health System, Seoul ~ Seoul ~ Korea, Republic of, [2]Division of Cardiology, Department of Medicine, Heart Vascular Stroke Institute, Samsung Medical 
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Udenafil is an oral phosphodiesterase-5 inhibitor approved for erectile dysfunction treatment.
In the multicenter,placebo controlled,randomized,DA8159 PAH IIa study,the reduction rate of 
PVRI compared to baseline of Udenafil 50mg was greater than Udenafil 100mg and cardiac 
index(CI)did not decrease at most points and safety was excellent,suggesting that 50mg is 
adequate for the phase progress of PAH clinical trials.
The aim of this study was to evaluate the efficacy and safety of Udenafil and the durability of 
efficacy and long-term safety of Udenafil for pulmonary arterial hypertension.
Eligible patients for DA8159 PAH IIb received twice-daily Udenafil 50mg or placebo (n=63)
for 16weeks in the double-blind,randomized study.Then,59 patients who completed phase 
IIb study enrolled in single-arm, open-label,extension study( DA8159 PAH EX)and received 
Udenafil 50mg,twice-daily for 48 weeks;55 patients completed extension study.The efficacy 
was explored using the 6MWD test.BORG dyspnea score and time to clinical worsening were 

evaluated.
The change from baseline of 6MWDs achieved in DA8159 PAH IIb patients receiving Udenafil 
50mg and placebo were(46.39m [n=31] and 21.04m [n=32]at week 16,respectively).The 
difference between the treatment groups (Udenafil group vs placebo group)was 25.34m,which 
was statistically significant(p = 0.0437).The improvement in 6MWD were maintained at DA8159 
PAH EX completion (week 64).But there were no significant difference in BORG dyspnea score 
and time to clinical worsening in DA8159 PAH IIb study.The long-term safety profile of Udenafil 
was similar with typical phosphodiesterase-5 inhibitor’s adverse events in previous studies. 
Long-term treatment with Udenafil was well tolerated in patients with PAH.In patients receiving 
Udenafil 50mg, the improvements in 6MWD demonstrated in the 16-week DA8159 PAH II 
study appeared sustained for up to 48 additional weeks of treatment in DA8159 PAH EX.
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ACUTE HEMODYNAMIC CHANGES AFTER SINGLE ADMINISTRATION OF UDENAFIL IN PULMONARY ARTERIAL 
HYPERTENSION (PHASE IIA STUDY)
Chang Sung--A*[3], Kim Hyung--Kwan[1], Chang Hyuk Jae[2], Kim Duk--Kyung[3]

[1]Seoul National University Hospital ~ Seoul ~ Korea, Republic of, [2]Yonsei Severance Hospital ~ Seoul ~ Korea, Republic of, [3]Division of Cardiology, Department of Medicine, Heart Vascular Stroke Institute, Samsung Medical 
Center, Sungkyunkwan University School of Medicine ~ Seoul ~ Korea, Republic of

Udenafil, a new phosphodiesterase-5 inhibitor(PDE5i), is used to treat erectile dysfunction. Its 
rapid onset of action (peak plasma concentration after 1 to 2 hours) and prolonged half-life(10 
to 13 hours) allow once-daily administration.
Given the proven benefit of PDE5i in pulmonary arterial hypertension(PAH), we evaluated 
serial hemodynamic changes after single udenafil administration with two different dosage to 
determine the appropriate therapeutic dose and administrative interval for PAH treatment.
18 patients were randomly allocated into one of the three groups; placebo, udenafil 
50mg(U50), and 100mg(U100). Patients > 18 years were included. Diagnosis was idiopathic 
or heritable PAH, or CTD-associated PAH. Patients with hypotension, any contraindication to 
PDE5i, or PDE5i treatment for the last 1 month were excluded. Continuous hemodynamic 
monitoring was done with the placement of Swan-Ganz catheter. Information on cardiac index 
(CI), mean PA pressure (mPAP), mean systemic arterial pressure (mSAP), pulmonary artery 
wedge pressure (PAWP), and pulmonary vascular resistance index (PVRI) were serially obtained 
for 4 hours.
mSAP did not change in the U50(Δ=-8.5mmHg), however it was decreased in the U100(Δ=-
13.0mmHg). Although PVRI decreased in both groups, statistical significance was only 
achieved in the U50(P<0.05 in the U50, P>0.05 in the U100)(Figure). CI increased in the U50, 
but decreased in the U100(Figure). mPAP significantly decreased in both the U50 and U100(-
11 mmHg and -8 mmHg from baseline, P<0.05). PAWP did not change in all groups. Udenafil 
50mg took effect >4 hour after administration. Mild or moderate adverse events developed 
only in the U100(n=2) and placebo(n=4).
We demonstrated acute hemodynamic changes and by udenafil. Udenafil 50mg is safe and 
can be considered an appropriate dose for PAH treatment with at least 4 hours of treatment 
effect. This study lays a cornerstone for clinical trial with udenafil for PAH treatment.
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BASELINE AND DEMOGRAPHIC DATA ON THE FIRST 150 PATIENTS FROM SPHERE (UPTRAVI® [SELEXIPAG]: THE USERS 
DRUG REGISTRY)
Chin Kelly*[1], Highland Kristin[2], Kim Nick H[3], Chakinala Murali[4], Hemnes Anna[5], Farber Harrison[6], Zhao Carol[7], Keating Mike[8], Hartline Brian[7], Colvin Johanna[7], Mclaughlin Vallerie[9]
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Uptravi® (selexipag) is a prostacyclin receptor agonist for the treatment of pulmonary arterial 
hypertension (PAH) to delay disease progression and reduce the risk of hospitalization. 
The main objectives of SPHERE are to describe: 1) dosing regimens and titration schemes; 2) 
disease characteristics; and 3) the clinical course of patients being treated with selexipag.
Approximately 500 patients currently being treated with selexipag and with a documented 
titration regimen will be enrolled from sites across the US. Patients previously initiated on 
selexipag are eligible for the registry. A total of 46 sites enrolled the first 150 patients within 6 
months of commencement of the registry. The baseline information was analyzed for these 150 
patients.
At enrollment, the mean age of the patient population was 59 years, the majority were women 
(72%), and approximately 50% were WHO functional class (FC) III. The mean 6MWD was 327 
meters and the mean duration of PAH was 6.7 years. Fifty percent of the patients had iPAH and 

28% had APAH (25% connective tissue disease and 3% congenital heart disease). Ninety-three 
percent had initiated selexipag prior to enrollment. At the time of selexipag initiation, 27% of 
patients were on monotherapy and 44% were on dual therapy (ERA + PDE5i or sGC). Thirty-
three patients (24%) were on a prostanoid at selexipag initiation (28 transitions to selexipag and 
5 combined with selexipag). The median selexipag dose at the time of data cut-off was 1200 
µg BID with 38% reaching the maximum approved dose of 1600 µg BID. Adverse events were 
similar to those observed in the phase III GRIPHON trial. 

Of the first 150 patients enrolled in SPHERE, most were women with iPAH and in WHO FC 
III. Nearly 45% of patients were on combination therapy with an ERA and a PDE5i; half of the 
cohort reached a dose of 1200 µg BID and nearly 40% titrated to 1600 µg BID.
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ERS TASK FORCE: EXERCISE TRAINING AND REHABILITATION IN PATIENTS WITH SEVERE CHRONIC PULMONARY 
HYPERTENSION
Grünig Ekkehard*[1], Eichstaedt Christina[1], Barberà Joan--Albert[2], Blanco Isabel[2], Bossone Eduardo[3], Cittadini Antonio[3], Delcroix Marion[4], Gaine Sean[5], Ghio Stefano[6], Gumbiene Lina[7], Handoko  
De  Man Frances[8], Johnson Martin[9], Kiely David[11], Kovacs Gabor[12], Mackenzie Alison[9], Naeije Robert[10], Ulrich Silvia[13], Olschewski Horst[12], Reis Abílio[14], Santos Mário[14], Vonk  Noordegraaf Anton[8], 
Peacock Andrew[9]
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Specialised rehabilitation programmes for patients with pulmonary hypertension (PH) as add-
on to medical treatment are offered only in few countries and are not yet standardised.
This task force aimed to increase the number of centers who offer a specialised rehabilitation 
programmes for PH in Europe, enhance knowledge and awareness among patients, healthcare 
providers and payers and to coordinate research activities investigating the effects of exercise 
training.
A thorough literature review covering different aspects of exercise training in PH was 
performed. The main chapters of the statement included clinical effects of exercise training, 
training modalities and setting, implementation and pathophysiologic mechanisms. Practical 
experiences in the implementation of exercise training in PH were also gathered by the Task 
Force centers throughout Europe.
Exercise training has shown to improve exercise capacity, muscle strength, quality of life, and 
probably hemodynamics in patients with different types of PH. Due to the prognostic relevance 

of these parameters exercise training might also have an impact on disease progression and 
prognosis.  
Most of the data are available for a closely supervised training initiated as in-hospital with 
carefully selected patients and is monitored by PH and rehabilitation specialists. To implement 
a specific training programme in further countries, both the needs of the different healthcare 
systems and the patients have to be met.
Exercise training has shown to be a very efficient treatment to improve prognostically important 
parameters in patients with PH.  
The task force statement summarized the current knowledge about pathophysiology, training 
mechanisms and clinical effects of exercise training. It shows that an international cooperation 
is necessary to address further research questions and to create the infrastructure in different 
European health care systems to allow access for PH patients to this specialized add-on therapy.
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ADVANCED CORRECTIVE TREATMENT USING PULMONARY VASOREACTIVITY TESTING IN  PATIENTS WITH EISENMENGER 
SYNDROME WITH CONGENITAL HEART DISEASES; RETROSPECTIVE STUDY IN SINGLE CENTER
Jung Jo Won*, Jung Se Yong, Choi Jae Young, Shin Yu Lim, Park Han Ki, Park Young Hwan
Yonsei University College of Medicine ~ Seoul ~ Korea, Republic of

Eisenmenger syndrome(ES) is the most severe form of PAH in adult congenital heart 
diseases(CHD), and surgical or percutaneous intervention is contraindicated.  However, the 
targeting medical treatment of selective pulmonary vasodilator in a few patients with ES, would 
be expected a favorable outcome. A specific treatment algorithm has needed for well tolerable 
patients with ES. 

This study aimed to evaluate the clinical application of the pulmonary vasoreactivity testing in 
ES with CHD , and propose the treatment option of medical therapy , open heart surgery or 
transcather defect closure in patients with ES with CHD.  

This retrospective study in patients with severe PAH and CHD was performed using 
medical records.  They had undergone one more right heart catheterization and pulmonary 
vasoreactivity test with inhaled iloprost plus oxygen. 

Total 41 patients were enrolled. The mean of systolic pulmonary artery pressure (sPAP) and 
mean pulmonary artery pressure (mPAP) was 90.0 ± 22.0 mmHg and 58.9 ± 17.0 mmHg, 
respectively. The median pulmonary vascular resistance index (PVRi) was 11 (5.0-30.0) Wood 
units .  After pulmonary vasoreactivity test in initial RHC, 17 (41.5%) patients were reduced 
below PVRi 8 WU m2 considered as tolerable group.  The mean PVRi was also significantly 
decreased in tolerable group (9.6 to 5.6 vs 12.3 to 11.0 Wood units m2).  After RHC with 
pulmonary vasoreactivity testing, 8 patients had undertaken complete corrective procedure, 
19 patients had received corrective procedure with either fenestration or banding, 4 patients 
had undertaken one more procedure after re-catheterization, and in only 1 patient, palliative 
coronary stenting was done. The others were treated with combined pulmonary vasodilators 
without any procedure.
In ES patients with CHD, the pulmonary vasoreactivity testing during RHC is an essential tool  to 
determine the treatment option including advanced medical,  surgical  or transcatheter therapy.  
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CONTINUOUS S.C. DIURETIC THERAPY AT HOME IMPROVES QUALITY 
OF LIFE IN END-STAGE PAH
Kap Miriam*
Erasmus MC ~ Rotterdam ~ Netherlands

For patients with end stage PH, therapy options are sparse. We tried continuous sc therapy with diuretics at home 
with a very good result. 
To improve quality of life and prevent from hospital admissions. 
In this case, we tried continuous sc therapy with diuretics at home for several months. 
In 6 months. quality of life improved and hospital admissions were not needed. 
With this new therapy, quality of life improves and hospital admissions are not needed. 
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BENEFICIAL EFFECTS OF FERRIC CARBOXYMALTOSE IN PATIENTS WITH PULMONARY ARTERIAL HYPERTENSION AND 
IRON DEFICIENCY: A LONG-TERM PILOT STUDY
Kramer Tilmann*, Natsina Kristiana, Viethen Thomas, Gerhardt Felix, Dumitrescu Daniel, Baldus Stephan, Rosenkranz Stephan
Klinik III für Innere Medizin, Herzzentrum der Universität zu Köln, Germany ~ Köln ~ Germany

Pulmonary arterial hypertension (PAH) is a progressive disease with limited prognosis. 
Iron deficiency (ID) correlates in PAH patients with disease severity and mortality. Oral iron 
resorption is impaired in PAH. In a previous pilot study, we showed a short-term benefit of 
intravenous (i.v.) iron substitution on exercise tolerance and quality of life.
Here, we examined the effects of i.v. ferric carboxymaltose (FCM) in patients with PAH and ID for 
a period of 15 months. We hypothesized that there are beneficial long-term effects on exercise 
tolerance and right heart function.
20 patients with PAH and ID (serum iron < 10 µmol/L, ferritin <150 μg/L and transferrin 
saturation [TSAT] <15%), who were on a stable PAH therapy for ≥3 months, received ≤1000 mg 
FCM; 20 PAH patients without ID who did not receive FCM, served as matched controls. Follow-
up included iron status, WHO functional class (WHO-FC), 6-minute walk distance (6MWD), 
echocardiography and NTproBNP levels.

In patients with ID, a single FCM infusion resulted in a sustained improvement of iron status at 2 
and 15 months (serum iron, ferritin, TSAT, all p<0.01). 4 patients in the FCM group and 1 patient 
in the control group received repetitive FCM infusion due to reduced serum iron, ferritin and 
TSAT values. At 2 months after FCM, the 6MWD improved from 346.5±28.3 to 374.0±25.5 m 
(p=0.007), which was maintained at 15 months (415.0±24.1 m). Also WHO-FC and tricuspid 
annular plane systolic excursion improved. Furthermore, NTproBNP levels declined from 
1679.4±633.9 to 668.1±135.4 ng/L at 15 months (p<0.05). No significant changes were 
observed in the control group. Treatment with FCM was associated with minimal side effects.
Parenteral iron substitution with FCM was well tolerated in addition to targeted PAH therapy 
and led to a significant long-term benefit in PAH patients with ID. The results provide a 
promising basis for future, controlled studies on the long-term effect of supportive iron 
supplementation in PAH.
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IDENTIFICATION OF CELASTRAMYCIN AS A NOVEL THERAPEUTIC AGENT FOR PULMONARY ARTERIAL HYPERTENSION
Kurosawa Ryo*, Kimio Satoh, Kikuchi Nobuhiro, Satoh Taijyu, Omura Junichi, Nogi Masamichi, Sunamura Shinichiro, Otshuki Tomohiro, Yaoita Nobuhiro, Siddique Mohammad Abdul Hai, Al--Mamun 
Elias, Shimizu Toru, Shimokawa Hiroaki
Tohoku University ~ Sendai ~ Japan

Pulmonary arterial hypertension (PAH) is characterized by enhanced proliferation of pulmonary 
artery smooth muscle cells (PASMCs) accompanying increased production of inflammatory 
factors and adaptation of the mitochondrial metabolism to a hyperproliferative state.  However, 
all the drugs in clinical use target pulmonary vascular dilatation, which may not be effective for 
patients with advanced PAH. 
 We aimed to discover a novel drug for PAH that inhibits PASMC proliferation. 
We screened 5,562 compounds from original library using high-throughput screening (HTS) 
system. 
HTS of 5,562 compounds identified that celastramycin (CEL), a benzoyl pyrrole-type compound 
originally found in a bacteria extract, inhibited the proliferation of PASMCs from patients with 
PAH (PAH-PASMCs) in a dose-dependent manner with minimal effects on PASMCs from healthy 
donors. Moreover, cell toxicity assays showed that CEL inhibited cell proliferation without any 

cell death in PAH-PASMCs.  Mechanistic analysis demonstrated that CEL reduced the protein 
levels of hypoxia-inducible factor-1α, which is abnormally activated in PAH-PASMCs and impairs 
aerobic metabolism, and nuclear factor-κB, which induces pro-inflammatory signals, in PAH-
PASMCs compared with vehicle controls.  Importantly, CEL treatment reduced reactive oxygen 
species (ROS) levels in PAH-PASMCs with increased protein levels of NF-E2-related factor 2, 
a master regulator of cellular response against oxidative stress. Furthermore, CEL recovered 
mitochondrial respiratory function with improved mitochondrial morphology in PAH-PASMCs. 
Indeed, metabolome analysis showed that CEL increased metabolites in TCA cycle in PAH-
PASMCs. Finally, CEL ameliorated pulmonary hypertension in three experimental animal 
models, accompanied by reduced inflammatory changes in the lungs.
CEL is a potential novel drug for the treatment of PAH that targets anti-proliferative effects on 
PAH-PASMCs.
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CHRONIC TRANSFUSION EXCHANGES IN THE MANAGEMENT OF SICKLE CELL DISEASE-ASSOCIATED PRECAPILLARY 
PULMONARY HYPERTENSION: A PILOT STUDY
Matthieu Turpin*, Florence Parent, Xavier Jais, David Montani, Olivier Sitbon, Marc Humbert, Gerald Simonneau, Laurent Savale
Service de pneumologie - CHU Bicêtre ~ Le Kremlin Bicêtre ~ France

Precapillary pulmonary hypertension (PH) is a devastating complication of sickle cell disease 
(SCD). The long-term effects of chronic exchange transfusions on SCD-associated PH have not 
been studied. 

To assess the effect of chronic exchange transfusion on SCD-associated PH
Thirteen SCD patients suffering from precapillary PH and treated by chronic transfusion 
exchanges were retrospectively evaluated. Assessments included hemodynamics, New York 
Heart Association Functional Class (NYHA-FC), 6-min walk distances (6MWD) and blood tests.   

Before initiating chronic exchange transfusions , all patients were in NYHA-FC III or IV, median 
6-MWD was 223 m (min-maw, 0-501) and median pulmonary vascular resistance (PVR) 
was 3.7 Wood Units (min-max, 2-12.5). Nine patients were already treated by hydroxyurea. 
Manual exchanges were performed in 3 patients and erythrocythapheresis in 10 patients. 

After a median number of 4 exchange sessions, all patients had improved to NYHA-FC II or 
III. Significant improvements in hemodynamics were observed including a decrease in PVR 
assessed by right heart catheterization (p=0.006). There was a trend to higher 6-MWD (p=0.06). 
Mean follow-up time after initiation of a chronic exchange transfusion program was 25 months 
(min-max, 3-53). During this period, two patients decided to stop chronic exchange transfusions 
. One of them died from acute right heart failure and the other experienced worseing severe 
PH. Two other patients died during follow-up at 25 and 54 months after exchange transfusion 
initiation, respectively. 

Chronic exchange transfusions may be a potential therapeutic option in SCD-associated 
precapillary PH, leading to significant clinical and hemodynamic improvements. These data 
must be confirmed in a prospective study  
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SAFETY AND EFFICACY OF IMMUNOADSORPTION AS AN ADD-ON TO MEDICAL TREATMENT IN PATIENTS WITH SEVERE 
IDIOPATHIC PULMONARY ARTERIAL HYPERTENSION (IPAH)
Nagel Christian*[2], Egenlauf Benjamin[1], Ewert Ralf[3], Lehmkuhl Hans[4], Rosenkranz Stephan[5], Benjamin Nicola[1], Schwenger Vedat[6], Herth Felix[7], Grünig Ekkehard[1]

[1]Centre for Pulmonary Hypertension, Thorax Clinic at the University Hospital Heidelberg ~ Heidelberg ~ Germany, [2]Lung Centre, Klinikum Mittelbaden ~ Baden-Baden ~ Germany, [3]Clinic for Internal Medicine, Greifswald 
University Hospital ~ Greifswald ~ Germany, [4]Medical Practice for Cardiology, Augustenburger Platz 1 ~ Berlin ~ Germany, [5]Department of Cardiology, Heart Center at the University Hospital Cologne and Cologne 
Cardiovascular Research Center ~ Cologne ~ Germany, [6]Department of Nephrology, Klinikum Stuttgart ~ Stuttgart ~ Germany, [7]Department of Internal Medicine, Pulmonology and Critical Care Medicine, Thorax Clinic at the 
University Hospital Heidelberg ~ Heidelberg ~ Germany

Despite optimized medical therapy, severe idiopathic pulmonary arterial hypertension (IPAH) is 
a devastating disease with poor outcome. Autoantibodies have been detected in IPAH that can 
contribute to the worsening of the disease.
The objective of this prospective, open-label, single-arm, multicenter trial was to evaluate safety 
and efficacy of immunoadsorption (IA) as an add-on to optimized medical treatment in patients 
with idiopathic pulmonary arterial hypertension (IPAH).
10 IPAH-patients received IA over 5 days. Clinical parameters including hemodynamics 
measured by right heart catheter were assessed at baseline and after three and six months. 
Primary end point was the change in pulmonary vascular resistance (PVR). Secondary endpoints 
included the change of six-minute walking distance (6MWD), quality of life, safety and plasma 
levels of IgG and autoantibodies.

Evaluation of 10 IPAH-patients (75% female, 51±12 years, 166±10cm, WHO-FC III, 53% on 
combination therapy) revealed that IA was a safe procedure that efficiently removed IgG and 
autoantibodies from the circulation. After three months, mean PVR significantly improved 
by 13.2% (p=0.03), cardiac index improved by 13.1%, no significant changes were found in 
6MWD. The quality of life subscale physical functioning significantly improved after 6 months. 
Serious adverse events in 3 patients were possibly related to IA and included pneumonia, 
temporary disturbance in attention and thrombocytopenia.
IA as add-on to targeted medical treatment in IPAH is a safe procedure with beneficial effects 
on hemodynamics, especially in patients with high levels of autoantibodies. Larger scaled 
controlled studies are needed to assess efficacy in IPAH and to identify responders.
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PRECLINICAL AND PHASE 1 CLINICAL CHARACTERIZATION OF LIQ861, A NEW DRY POWDER FORMULATION OF 
TREPROSTINIL
Royal Mike*[1], Roscigno Robert[1], Vaughn Toby[1], Anderson Stephanie[1], Wargin William[2], Williams Rex[1], Forsythe Clint[3], Hunt Thomas[3], Normand Patrick[5], Hantash Manal[5], Dillberger John[4]

[1]Liquidia Technologies ~ RTP ~ United States of America, [2]Nuventra, Inc. ~ Durham, NC ~ United States of America, [3]PPD Development, LLC ~ Austin, TX ~ United States of America, [4]J. Dillberger LLC ~ Nashville, IN ~ United 
States of America, [5]ITR Laboratories ~ Montreal, Quebec ~ Canada

Inhalational drug delivery to treat pulmonary hypertension is attractive due to enhanced 
pulmonary specificity and reduced systemic adverse effects. Current approved agents require 
frequent administration and have tolerability issues. Liquidia is developing LIQ861, an inhaled 
dry powder formulation of Treprostinil (Tre) particles of precise size (2 µm) and trefoil shape 
using Liquidia’s PRINT® Technology (Particle Replication in Nonwetting Templates). LIQ861 is 
designed for inhalation using an approved handheld dry powder inhaler (DPI).
To support clinical testing, single-dose pharmacokinetic (PK) studies in rats and dogs and 
14-day and 26-week repeat-dose toxicity studies in rats were conducted. LIQ861 was also 
evaluated in a Phase 1 single ascending dose study to characterize safety, tolerability and PK.
Anesthetized dogs administered single doses of LIQ861 or Tre solution via a cuffed 
endotracheal tube and controlled ventilation.  Rats administered single doses of LIQ861 or 
Tre solution by nose-only inhalation. LIQ861 was evaluated clinically in a Phase I double-blind, 
placebo-controlled study at doses of 25-150μg.  Assessments were performed through 8h post 

inhalation.  
In dogs, LIQ861 and Tre solution produced similar PK profiles.  In rats, PK profiles at the end of 
14 days treatment were nearly identical.  Following 26 weeks of daily dosing, Tre exposure was 
slightly higher in LIQ861-treated rats. 
LIQ861 inhalation in healthy volunteers produced a dose proportional Tre PK profile similar 
to that reported for Tyvaso. LIQ861 was well-tolerated across the entire dose range with only 
mild (severity) adverse events (AEs) and no serious or unexpected AEs. The most commonly 
reported related AEs were cough, throat irritation, inspiratory tightness, lightheadedness, and 
headache.    

Tre PK profiles were generally similar with LIQ861 dry powder or nebulized solution. LIQ861 
formulation is well-tolerated and has a PK profile that is similar to that reported for Tyvaso. 
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IDENTIFICATION OF EMETINE AS A NOVEL THERAPEUTIC AGENT FOR PULMONARY HYPERTENSION IN RATS -HIGH-
THROUGHPUT SCREENING OF 5,562 COMPOUNDS-
Siddique Mohammad Abdul Hai*, Satoh Kimio, Kurosawa Ryo, Al--  Mamun Md Elias, Kikuchi Nobuhiro, Omura Junichi, Satoh Taijyu, Nogi Masamichi, Sunamura Shinichiro, Shimokawa Hiroaki
Department of Cardiovascular Medicine ~ Sendai ~ Japan

Pulmonary arterial hypertension (PAH) is characterized by enhanced proliferation and reduced 
apoptosis of pulmonary artery smooth muscle cells (PASMCs).
To discover a novel drug for PAH patients from the original library in Tohoku University (5,562 
compounds). 
We performed high-throughput screening with PASMCs from PAH patients (PAH-PASMCs). We 
performed functional tests for emetine in vivo.  Six-week-old male SD rats were used for the two 
experimental PH models; monocrotaline-induced PH model and SU5416/hypoxia-induced PH 
model.
Emetine treatment significantly reduced inflammatory cytokines/chemokines and growth 
factors in PAH-PASMCs.  Moreover, emetine-mediated HIF-1α inhibition downregulated 
PDK1 and DRP-1, recovered mitochondrial networks, and improved mitochondrial function 
in PAH-PASMCs. In the monocrotaline-induced PH model (prevention protocol), the animals 

were assigned to treatment with emetine (0.05 mg/kg/day) or vehicle for 3 weeks.  Emetine 
significantly reduced right ventricular systolic pressure (RVSP) (57±3 vs. 77±4 mmHg), RV 
hypertrophy (0.40±0.02 vs. 0.50±0.02), and PA remodeling compared with controls (all P<0.01, 
n=14~15). In the SU5416/hypoxia-induced PH model (treatment protocol), after establishment 
of PH with SU5416 (20 mg/kg) and hypoxia (10% O2) for 3 weeks followed by normoxia for 
6 weeks, the animals were assigned to treatment with emetine (0.05 mg/kg/day) or vehicle 
for additional 4 weeks.  Emetine significantly reduced RVSP (59±4 vs. 93±5 mmHg), RV 
hypertrophy (0.36±0.02 vs. 0.53±0.04), and PA remodeling compared with controls (all P<0.01, 
n=11). Importantly, emetine significantly reduced serum levels of TNF-α and MCP-1 compared 
with vehicle controls, suggesting an anti-inflammatory effect.  
We identified that emetine is a novel promising drug for the treatment of PAH.
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PYRIDOXAMINE ATTENUATED THE SMOOTH MUSCLE CELL PROLIFERATION AND HEMODYNAMIC AGGRAVATION IN THE 
PULMONARY ARTERY HYPERTENSION ANIMAL MODEL
Son Kuk Hui*[1], Oh Seyeon[1], Choi Seungbum[1], Kim Kyung--Hee[2], Kim Minsu[1], Choi Hanul[1], Ryu Jeongwon[3], Byun Kyunghee[1], Chung Wook--Jin[1]

[1]Gachon Cardiovascular Research Institute, Gachon University ~ Incheon ~ Korea, Republic of, [2]Departement of Cardiology, Sejong General Hospital ~ Bucheon ~ Korea, Republic of, [3]Advanced Medical Technology Laboratory 
Healcerion Co., Ltd ~ Seoul ~ Korea, Republic of

It is known that receptor for advanced glycation end products (RAGE) is up-regulated in 
pulmonary arterial smooth muscle cells (SMC) of pulmonary artery hypertension (PAH) 
patients and in PAH animal models. In addition, several RAGE ligands such as HMGB1, S100, 
and advanced glycation end products (AGE) lead to SMC proliferation. Pyridoxamine is an 
antiglycating agent which decrease AGE level. 
In present study, we evaluated RAGE ligands accumulation and RAGE expression level in 
the various PAH animal model. We also evaluated whether pyridoxamine attenuate the SMC 
proliferation by decreasing RAGE expression in the PAH.
We made both of monocrotaline (MCT) induced and sugen5416/hypoxia–induced PAH models 
with C57BL/6J mice. Then, pyridoxamine (1kg/day) was administered per oral for 2 weeks. The 
echocardiographic measurement and lung tissue harvest was done when the pyridoxamine 
administration finished. 

The RAGE ligands such as AGE, HMGB1, and S100 accumulation and the expression of RAGE 
in the lung were increased in the both of MCT and hypoxia induced PAH models comparing 
with control group and those were decreased by pyridoxamine. The mRNA level of IL-1β, 
IL-6, and TNF-alpha was increased in the both of PAH models and those were decreased by 
pyridoxamine. The intimal wall thickness of PA were increased in the both of PAH models 
and those were decreased by pyridoxamine. The deteriorated right heart hemodynamic 
parameters and RV pressure in the MCT model were improved by pyridoxamine, however 
those improvement was not prominent in the hypoxia model. 
Pyridoxamine attenuated intimal wall thickness of PA and deteriorated RV pressure by 
decreasing RAGE ligand accumulation and RAGE expression which upregulate the 
inflammatory cytokine such as IL-1β, IL-6, and TNF-alpha.
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THE MOTION STUDY: A RESPONDER ANALYSIS OF RIOCIGUAT 
Sood Namita*[1], Aranda Alvaro[2], Platt David[3], Anneliese Larose[3], Kleinjung Frank[4], O’brien Gerald[3]

[1]The Ohio State University ~ Colombus ~ United States of America, [2]CardioPulmonary Research Center ~ San Juan ~ Puerto Rico, [3]Bayer Pharmaceuticals, Inc. ~ Whippany ~ United States of America, [4]Bayer Pharmaceuticals, 
Inc. ~ Berlin ~ Germany

The MOTION study evaluated the impact of riociguat in treatment-naïve patients with 
pulmonary arterial hypertension (PAH), utilizing patient-reported outcomes (PROs) as the 
primary efficacy endpoint.1 
Here we present responder analyses of MOTION based on minimal clinically important 
differences (MCID) in the Living with Pulmonary Hypertension (LPH) questionnaire, a validated, 
disease-specific HRQoL assessment tool.
MOTION was a 24-week, prospective, single-arm, open-label, phase 4 study to assess riociguat 
monotherapy in patients with PAH who were not on active treatment.1 The intent-to-treat (ITT) 
analysis set included all patients who received ≥1 dose of study drug.1 The primary endpoint 
was the change in total score from baseline (BL) to Week 24 in the LPH questionnaire.1 The 
MCID was considered a ≥7 point, and a ≥3 point decrease from BL for the LPH total score, and 
physical and emotional dimension scores, respectively. 

The ITT analysis set included 75 patients.1 At Week 24 (n=66), the mean (SD) LPH total score 
was 37.17 (24.61), a mean (SD) change from BL of -10.99 (22.51). At last visit, with Week 24 
imputed, the mean (SD) total score was 40.63 (28.38), a mean (SD) change from BL of -5.40 
(27.8) (n=75; p=0.0484). After 24 weeks, 57.6% of patients achieved the MCID for LPH total 
score. Additionally, 64.6% and 40.9% of patients achieved the MCID for LPH physical dimension 
and emotional dimension scores, respectively.  A similar response pattern was seen when 
using an analysis of MCID of ≥11 points for LPH total score and ≥4 points for the physical and 
emotional dimension scores.
Treatment with riociguat had a positive impact on PROs for those with PAH not currently on 
treatment. The percentage of patients in the ITT set with a MCID from BL in LPH scores was 
highest for the physical dimension score and lower for the emotional dimension scores, and 
was greatest at Week 24 for the total and physical dimension scores.
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HEMODYNAMIC PREDICTORS OF ACUTE RIGHT HEART FAILURE AFTER HEART TRANSPLANTATION (HT). EMERGING ROLE 
OF PULMONARY ARTERY COMPLIANCE (PAC)
Oscar Aguirre-Zurita*, David Galvez, Walter Alarco, Oscar Guerrero, Miguel Lescano, Christian Soplopuco, Ruth Villarroel, Ana Sihuayro
Heart Failure, Heart Transplant and Pulmonary Hypertension Program. Instituto Nacional Cardiovascular - INCOR. Essalud. Lima – Perú 
(*)Universidad Nacional Mayor de San Marcos. Lima – Perú 

The presence of Pulmonary hypertension(PH) and concomitant Right Ventricular(RV) 
dysfunction is associated with worse outcomes in advanced heart failure(HF). RV 
dysfunction is accounted for an abnormal RV-pulmonary vascular interaction because 
of the presence of high RV afterload. Pulmonary vascular resistance(PVR) is historically 
described as the hemodynamic goal in acute vasoreactivity test(AVT) before HT to 
assess risk of acute RV failure post-HT. However, a pulsatile component of afterload: PAC 
has gained recognition for its strong independent predictive power of mortality in HF 
patients(pts)
AIM: To identify the predictive value of PAC and traditional hemodynamic criteria in pts 
with advanced HF awaiting HT.
METHODS: Single-center, prospective cohort study. From 71 pts on waiting list, 54 were 
successfully transplanted. End point(EP): Acute RV failure post-HT. Pts were compared 
according they either have or not the EP.
RESULTS: Age 41.6±15. Male:67%. Pts who presented the EP, had more severely 
depressed EF and most of them underwent AVT. Regarding hemodynamic data: 
MPAP,PCWP,TPG and PAC were higher among who developed acute RV failure than 
who did not. Unlike, PVR and DPG were similar. ROC curve showed that a PAC<1.5 is 
related to acute RV failure post-HT, specificity:78%, sensibility:67%. Pts with PAC < 1.5 
had worse outcome at follow up.  
Conclusion: Hemodynamic data is related to complications post-HT. Unlike classical 
parameters, PAC emerge as a novel predictive marker of acute RV failure

 Even t  f ree  
pa t i en t s  

Adverse  e ven t   
pa t i en t s  

P  

N 40 14  
Age 41.2 ± 16 43.2 ± 12 0.65 
Male 71.5 % 58.3% 0.49 
Left Ventricular Ejection Fraction 
(LVEF) 

   0 .24  ±  0 . 14  0 . 18  ±  0 .04 0.013  

Mitral Regurgitation Mod – Severe 71.4 % 83.3 0.41 
Laboratory Test    

Serum Sodium                    (mEq/l) 132  ±  6.3 130  ±  4.6 0.33 
Serum Creatinine               (mg/dl) 1.21  ±  0.3 1.7  ±  0.3 0.37 

Red blood cell transfusion 6.1 ± 9.1 3.3 ± 2.3 0.17 
Vasoreactivity test 26.2  % 63.6  % 0.031  
Hemodynamic data    
    Heart rate 80.2 ± 13 83.2 ± 16 0.16 
    Right atrial pressure (RAP) 13.2 ± 6.6 16.3 ± 5.9 0.15 
    Mean Pulmonary pressure (MPAP) 33.5  ±  1 1  44 .3  ±  6 .5  0 .001  
    Pulmonary Capilar wedge 
pressure (CWP) 

24.3  ±  8 . 1  32 . 1  ±  5 .6  0 .001  

    RAP/CWP 0.57 ± 0.3 0.5 ± 0.2 0.31 
    Cardiac index 2.2 ± 0.7 2.4 ± 1.8 0.76 
    Transpulmonary gradient (TPG) 9.2  ±  5 .8  12 .3  ±  3 .9  0 .045 
    Diastolic pulmonary gradient 1.27 ± 4.8 0.7 ± 3.8 0.65 
    Pulmonary artery capacitance 
(PAC) ml/mmHg 

2.9  ±  2 .3  1 .6  ±  1 .3  0 .020 

    Pulmonary vascular resistance 2.6 ± 1.7 4.3 ± 2.7 0.051 
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PDE-5 INHIBITORS FOR PULMONARY HYPERTENSION DUE TO LEFT HEART DISEASE: POTENTIAL BENEFIT?
Barnes Hayley*[1], Brown Zoe[2], Burns Andrew[3], Williams Trevor[1]

[1]Alfred Hospital ~ Melbourne ~ Australia, [2]Royal Adelaide Hospital ~ Adelaide ~ Australia, [3]Department of Cardiology, St Vincent’s Hospital ~ Melbourne ~ Australia

Pulmonary hypertension due to left heart disease (PH-LHD) is common, and when present, 
results in reduced exercise tolerance, worse quality of life, and increased mortality. Beyond 
appropriate treatment for left heart disease, the role of PH-specific therapy is unclear. 
As part of a larger Cochrane review: PDE-5 inhibitors for Pulmonary Hypertension, we sought to 
determine whether PDE-5 inhibitors (PDE5i) improved outcomes in PH-LHD. 
Searches for randomised controlled studies on CENTRAL, MEDLINE, EMBASE, CINAHL, and 
Web of Science to August 2017 were performed.
Four trials with 194 participants comparing sildenafil with placebo were identified. One 
additional trial was terminated early. Treatment duration was on average 12 weeks; one to 6 

months. There was low risk of bias.  
There was a significant improvement in six minute walk distance in one trial (MD 29m, p=0.047), 
and a significant improvement in mean PAP, TPG, PASP, and dyspnoea. There was no difference 
in WHO functional class, mortality, cardiac index, or clinical worsening, including heart failure. 
This data suggests there may be a cautious role for PDE5i in PH-LHD. The conclusions are 
limited by the small number of trials and participants, and short term treatment duration. 
Further large, multicentred trials should assess PDE5i in terms of functional and patient centred 
outcomes, haemodynamics, and adverse events including risk of heart failure. 
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CLINICAL PHENOTYPES, VENTILATORY RESPONSES TO EXERCISE AND OUTCOMES OF PULMONARY HYPERTENSION DUE 
TO LEFT HEART DISEASE: ROLE OF THE PRE-CAPILLARY COMPONENT
Caravita Sergio*[3], Faini Andrea[1], Carolino  D’’Araujo Sandy[2], Dewachter Céline[2], Chomette Laura[2], Bondue Antoine[2], Naeije Robert[2], Parati Gianfranco[1], Vachiéry Jean--Luc[2]

[1]Dept of Cardiovascular, Neural, and Metabolic Sciences, San Luca Hospital IRCCS Istituto Auxologico Italiano ~ Milano ~ Italy, [2]Dept of Cardiology, Cliniques Universitaires de Bruxelles, Hôpital Académique Erasme ~ Bruxelles 
~ Belgium, [3]Dept of Cardiovascular, Neural, and Metabolic Sciences, San Luca Hospital IRCCS Istituto Auxologico Italiano; Dept of Cardiology, Cliniques Universitaires de Bruxelles, Hôpital Académique Erasme ~ Milano ~ Italy

In pulmonary hypertension (PH), both wedge pressure elevation and a precapillary component 
may affect right ventricular (RV) afterload. These changes may contribute to RV failure, exercise 
intolerance, and prognosis.
To characterize the impact of pulmonary haemodynamics on the RV, exercise pathophysiology, 
and outcome in patients with PH.
We compared patients with PH due to left heart disease (LHD) with treatment-naïve idiopathic/
heritable pulmonary arterial hypertension (PAH, n=35). We subdivided PH-LHD in Isolated 
post-capillary PH (IpcPH: diastolic pressure gradient, DPG<7 mmHg and pulmonary vascular 
resistance, PVR≤3 WU, n=37), Combined post- and pre-capillary PH (CpcPH: DPG≥7 and 
PVR>3, n=27), and “intermediate” PH-LHD (either DPG≥7 or PVR>3, n=29).
PAWP elevation was similar between the PH-LHD subgroups. However, haemodynamic 
severity (pulmonary artery pressures, PVR, pulmonary vascular gradients), prevalence of 
echocardiographic signs of RV failure (RV dilation + dysfunction), and exercise hyperventilation 
linearly increased from IpcPH, to “intermediate”, CpcPH and PAH (p<0.001), while peak oxygen 
consumption and prevalence of exercise oscillatory breathing showed an opposite behavior, 
being higher in IpcPH. Pulmonary artery compliance (Ca) was linearly related with TAPSE/
systolic pulmonary pressure, and did not differ between CpcPH and “intermediate” PH-LHD.  
Survival did not differ between PH-LHD and PAH; however, CpcPH had worse prognosis 
than IpcPH and PAH, but similar to “intermediate” patients (figure). Only NTproBNP and Ca 
independently predicted survival in PH-LHD.
Haemodynamic characterization of PH-LHD according to DPG and PVR is associated with 
disease severity, exercise pathophysiology, predisposition to RV failure and prognosis. The 
CpcPH phenotype appear to have haemodynamic profile closer to PAH but with worse 
outcome. In PH-LHD, Ca and NTproBNP were independent predictors of survival.
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DYSREGULATION OF WNT-RELATED SIGNALING PATHWAY CORRELATES WITH THE DEVELOPMENT OF PH SECONDARY 
TO LEFT VENTRICULAR DYSFUNCTION
Dai Zen--Kong*, Chen I--Chen, Hsu Jong--Hau
Dept. of Pediatrics, Kaohsiung Medical University Hospital, Kaohsiung Medical University ~ Kaohsiung ~ Taiwan

Pulmonary hypertension (PH) is a progressive pulmonary vascular disorder characterized 
by increased pulmonary vascular resistance and pulmonary arteriolar remodeling. The Wnt 
signaling controls the cellular functions during the embryonic development and the injury of 
acquired tissues. β-catenin is a central mediator of the Wnt signaling pathway and controls 
the transcription of genes during both normal and malignant development. Recently, a gene 
expression analysis of pulmonary arterial resistance vessels revealed differentially regulated 
canonical and noncanonical WNT genes in PAH. 
In this study, we tried to investigate the altered expression of Wnt. Wnt-related proteins of lungs 
of rats with PH secondary to left ventricular dysfunction by aortic banding, so called group II PH.
Utilizing the PH rat model created by ascending aortic banding for 42 days (6 weeks), we study 
altered expressions of  β-catenin, mRNA and protein expression of canonical Wnt ligands 
(Wnt3a, Wnt 7a) and non-canonical Wnt ligands  (Wnt5a and Wnt11) lungs of 6 week-aorta-

banded rats compared to the sham-operated rats. In addition, the immunohistological staining 
of  β-catenin of lungs  is also performed in both groups.
In lungs of aorta-banded rats, there are significantly increased protein expressions of 
Wnt5a,Wnt11 and Wnt5a, and significantly decreased protein expression of β-catenin. In 
contrast, there are increased mRNA expressions of Wnt 2, FZD5 and Ltb, and decreased mRNA 
expressions of Wnt3a, Wnt7a, Wif, sFRP1, sFRP2. Very interestingly, there is decreased β-catenin 
staining of endothelium in lungs of aorta-banded rats. 
In group 2 PH secondary to left ventricular dysfunction, the development of PH is closely related 
to the non-canonical Wnt pathway prominently, instead of canonical Wnt pathway. The results 
are compatible with the up-regulated Rho expression of lungs of aorta-banded rats in our 
previous study.
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A NEW SCORE TO DIFFERENTIATE IDIOPATHIC PULMONARY ARTERIAL HYPERTENSION FROM PULMONARY 
HYPERTENSION DUE TO HEART FAILURE WITH PRESERVED EJECTION FRACTION
Dardi Fabio*[1], Tanese Nikita[1], Caravita Sergio[2], Rinaldi Andrea[1], Dewachter Celine[3], Gotti Enrico[1], Nguyen Thomas[3], Monti Enrico[1], Albini Alessandra[1], Palazzini Massimiliano[1], Manes Alessandra[1], 
Vachiery Jean Luc[3], Galiè Nazzareno[1]

[1]University of Bologna, Department of Specialized Diagnostic and Experimental Medicine – DIMES - Bologna/IT ~ Bologna ~ Italy, [2]IRCCS Ospedale S. Luca ~ Milano ~ Italy, [3]Pulmonary Hypertension and Heart Failure Clinic - 
CUB Hop Erasme ~ Brussels ~ Belgium

The distinction between pulmonary hypertension (PH) due to heart failure with preserved 
ejection fraction (PH-HFpEF) and idiopathic pulmonary arterial hypertension (IPAH) is mainly 
based on a pulmonary artery wedge pressure (PAWP) >15 mmHg in the former. However, 
normalization of PAWP cannot be excluded in selected PH-HFpEF patients.
The aim of the study is to elaborate a composite clinical score to identify HFpEF as the cause of 
PH in patients with a borderline-low PAWP (13 to 15 mmHg).
Baseline data were derived from the retrospective analysis of the prospective PH registries of 
Bologna (Derivation cohort) and Brussels (Validation cohort). Consecutive incident and PAH 
approved drugs-naïve patients with IPAH or PH-HFpEF were included from 2003 to July 2016. 
The final correct diagnosis of IPAH and PH-HFpEF was also based on follow-up data. Univariate 
and multivariate logistic regression analysis of Derivation cohort baseline data was performed. 
Using the regression coefficients of this model a score was generated, as described by Sullivan 

et al.
The Derivation cohort included 408 patients (322 IPAH, 86 PH-HFpEF). At the multivariate 
logistic regression analysis age, body mass index (BMI), history of high blood pressure or atrial 
fibrillation, pulmonary arterial compliance, QRS and T axes and ECG criteria for left ventricular 
hypertrophy were identified as predictors of PH-HFpEF. The score derived from this model 
was tested in the 26 patients with borderline-low PAWP of the Derivation cohort: a cut-off ≥13 
points yielded a specificity of 95% and a sensitivity of 100% for the diagnosis of PH-HFpEF. 
The same score cut-off tested in the Validation cohort of 30 patients with borderline-low PAWP 
yielded a specificity and a sensitivity of 100% for the diagnosis of PH-HFpEF.
A predictive score incorporating age, BMI, cardiovascular history, electrocardiographic and 
haemodynamic data can be utilized in differentiating IPAH patients from PH-HFpEF with 
borderline-low PAWP.
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PATHOPHYSIOLOGY OF PULMONARY HYPERTENSION DUE TO LEFT HEART DISEASE – A HEMODYNAMIC STUDY
Gerges Christian*[1], Gerges Mario[1], Fesler Pierre[2], Pistritto Anna--Maria[3], Celermajer David[4], Lang Irene[1]

[1]Department of Internal Medicine II, Division of Cardiology, Vienna General Hospital, Medical University of Vienna ~ Vienna ~ Austria, [2]PhyMedExp, University of Montpellier, INSERM U1046, CNRS UMR 9214, and Department 
of Internal Medicine, Lapeyronie Hospital ~ Montpellier ~ France, [3]Division of Cardiology, Ferrarotto Hospital, University of Catania ~ Catania ~ Italy, [4]Department of Cardiology, Sydney Medical School, University of Sydney ~ 
Sydney ~ Australia

Left heart disease (LHD) is the commonest cause of pulmonary hypertension (PH).  
Pathophysiological insight in the two phenotypes of PH-LHD, i.e. isolated post-capillary PH (Ipc-
PH) and combined post- and pre-capillary PH (Cpc-PH) is limited.
Using the pulmonary artery occlusion technique and inhaled nitric oxide (iNO) testing, we 
aimed to elucidate the level of the pulmonary circulation that is most abnormal in Ipc-PH and 
Cpc-PH, with a view to pointing the way to potential treatment targets.
Pulmonary artery occlusion waveform analysis allows for the calculation of small artery and 
capillary pressure (Pc’).  Based on Pc’ we assessed upstream resistance (Rup), the proportion of 
resistance at the level of the larger versus the smaller pulmonary vessels.
Pulmonary vascular resistance (PVR) was significantly higher in Cpc-PH (n=35) compared 
with Ipc-PH (n=20) and “Non-PH” (n=6).  Only patients with Cpc-PH and iPAH (n=31) 

showed significant improvements in RV afterload during NO inhalation.  Pc’ was significantly 
higher in Cpc-PH (31.3±8.2mmHg) than Ipc-PH (26.0±8.5mmHg, p=0.026) and “Non-PH” 
(12.8±2.0mmHg, p<0.001) but similar to iPAH (29.3±9.5mmHg, p=0.365).  Cpc-PH showed 
similar Rup (66.8±10.8%) as iPAH (65.0±12.2%, p=0.530) and “Non-PH” (62.4±4.6%, p=0.385).  
By contrast, Rup was significantly higher in Ipc-PH (96.5±4.5%, p<0.001); these patients showed 
an isolated increase in mPAWP after NO.
Small pulmonary vessels account for increased PVR in Cpc-PH and iPAH.  Cpc-PH and iPAH 
show responsiveness to iNO.  By contrast, Ipc-PH originates from passive upstream transmission 
of elevated left heart filling pressures.  Our data emphasize the need for careful hemodynamic 
phenotyping of PH-LHD patients.
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EFFECTS OF CONTINUOUS-FLOW LEFT VENTRICULAR ASSIST DEVICE IMPLANTATION ON PULMONARY 
HAEMODYNAMICS IN ADVANCED HEART FAILURE PATIENTS
Giglio Ada Francesca*[1], D’’Angelo Luciana[1], Perna Enrico[1], Ammirati Enrico[1], Macera Francesca[1], Cipriani Manlio Gianni[1], Oliva Fabrizio[2], Garascia Andrea[1], Russo Claudio[2], Frigerio Maria[1]

[1]2nd Section of Cardiology-Heart Failure and Transplantation, De Gasperis CardioCenter, Niguarda Hospital, Milan, Italy. ~ Milano ~ Italy, [2]De Gasperis Cardio Center, ASST Grande Ospedale Metropolitano Niguarda Ca’ Granda, 
Milan, Italy ~ Milano ~ Italy

Pulmonary hypertension (PH) due to left heart disease (LHD), or type II PH, is the most common 
form of PH, affecting up to 80% of patients with LHD. Patients with advanced heart failure 
developing PH have a worse prognosis; fixed PH with elevated pulmonary vascular resistance 
(PVR) is a major contraindication to heart transplantation. Continuous-flow left ventricular assist 
device (cf-LVAD) implantation can reduce pulmonary pressures in patients with advanced heart 
failure with reduced ejection fraction (HFrEF).
To assess the effect of cf-LVAD implantation on type II PH associated with HFrEF
We retrospectively analyzed pulmonary haemodynamics of 60 patients undergoing cf-LVAD 
implantation between January 2007 and December 2016 at our institution. A right heart 
catheterization (RHC) was performed before LVAD implant and 3, 20 and 30 months after the 
operation. Pulmonary pressures, pulmonary gradients, PVR, pulmonary arterial compliance 
(PAC) and arterial elastance (Ea) were measured or calculated in all patients.
48 patients (81%) had type II PH before LVAD implantation according to current guidelines. 66% 
of them had PVR > 3 Wood Unit (WU), while none of the patients had a diastolic pulmonary 
gradient (DPG) >7 mmHg. Baseline mean PAC value was very low (1.5 ml/mmHg). After LVAD, 
we observed a significant improvement in pulmonary haemodynamics (mean pulmonary 
artery pressure, PVR, pulmonary capillary wedge pressure, PAC) in all patients with evidence of 
sufficient left ventricle unloading. In some patients, unloading was limited by right ventricular 
dysfunction after LVAD, with subsequent PH persistence. Higher basal PVR or pre-implant PH 
irreversibility did not predict PH persistence after LVAD.
LV unloading by cf-LVAD is effective in reverting PH in advanced HFrEF patients. PVR alone may 
not be a sufficient indicator of pulmonary vascular disease in patients with advanced HFrEF.
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GENETIC ANALYSIS AND CHAMBER SPECIFIC GENE EXPRESSION ANALYSIS IN PATIENTS WITH CPC-PH AND IPC-PH
Kioka Hidetaka*, Asano Yoshihiro, Takuwa Ayako, Miyashita Yohei, Miyawaki Hiroshi, Ohtani Tomohito, Sawa Yoshiki, Yamauchi--Takihara Keiko, Sakata Yasushi
Osaka University Graduate School of Medicine ~ Suita ~ Japan

Pulmonary hypertension (PH) is a common complication of left heart diseases (LHD) and 
is associated with worse prognosis. PH due to LHD is divided into 2 subtypes according 
to hemodynamic parameters: combined post-capillary and pre-capillary PH (Cpc-PH) and 
isolated post-capillary PH (Ipc-PH). Little is known about the pathogenic and pathophysiological 
characteristics that distinguish these 2 subtypes. 
The objective of this study was to compare (I) the genetic backgrounds and (II) the chamber 
specific gene expressions between the patients with Cpc-PH and Ipc-PH.
We performed (I) whole exome sequencing (n=20; 10 Cpc-PH and 10 Ipc-PH) and (II) RNA 
sequencing (n=44; 18 Cpc-PH and 26 Ipc-PH) of both right ventricle (RV) and left ventricle 
(LV) of patients who received heart transplantation for non-ischemic (n=36; 26 dilated 
cardiomyopathy, 4 hypertrophic cardiomyopathy, etc) and ischemic (n=5) cardiomyopathy and 
compared genetic variants and chamber specific RNA expressions between Cpc-PH (C group) 

and Ipc-PH (I group). 
(I) The comprehensive survey of rare genetic variants in known pulmonary arterial hypertension 
(PAH) associated genes (39 genes including BMPR2, ALK1, ENG, SMAD9, etc) revealed 
C groups had significantly (p<0.01) more variants than I group. (II) Comparison of the 
gene expressions in RV between the C group and I group revealed that the expression of 
chemokines, IL-6, LIF, JAK2, STAT4, SOCS3 and MYC were significantly (p<0.01) higher in C 
group, while these gene expression signatures associated with cytokine signaling pathway was 
not significant in LV.
Patients with Cpc-PH have more rare genetic variants in PAH associated genes and increased 
gene expressions of cytokines and its downstream intracellular signaling molecules in RV. 
Genetic susceptibility and the enhanced cytokine signaling in RV may be involved in the 
pathogenesis and/or pathophysiology of Cpc-PH. 
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THERAPEUTIC POTENTIAL OF PHOSPHODIESTERASE TYPE 5 INHIBITORS IN HEART FAILURE WITH PRESERVED EJECTION 
FRACTION AND COMBINED POST- AND PRE-CAPILLARY PULMONARY HYPERTENSION
Kramer Tilmann*[2], Orlova Kristina[2], Gerhardt Felix[2], Dumitrescu Daniel[2], Ten  Freyhaus Henrik[2], Hellmich Martin[1], Baldus Stephan[2], Rosenkranz Stephan[2]

[1]Institut für Medizinische Statistik, Informatik und Epidemiologie (IMSIE), Universität zu Köln, Germany ~ Köln ~ Germany, [2]Klinik III für Innere Medizin, Herzzentrum der Universität zu Köln, Germany ~ Köln ~ Germany

Heart failure with preserved ejection fraction (HFpEF) is frequently associated with pulmonary 
hypertension (PH), which substantially impacts survival. Based on pulmonary vascular resistance 
(PVR) and the diastolic pressure gradient (DPG), current guidelines distinguish between isolated 
post-capillary PH (Ipc-PH) and combined post- and pre-capillary PH (Cpc-PH). 
However, the therapeutic consequences of this sub-classification remain entirely unclear. We 
specifically investigated the efficacy and safety of PDE5i in patients with HFpEF and Cpc-PH.
In 40 hemodynamically precisely characterized patients with HFpEF and Cpc-PH who were 
treated with a PDE5i for at least 12 months, the therapeutic effect on 6-minute walk distance 
(6MWD), WHO functional class (FC), NTproBNP levels, right ventricular function, and 
hospitalization rates was evaluated. 
Patients´ mean age was 73±9 (SD) years, and comorbidities were frequent (78% hypertension, 
75% atrial fibrillation, 35% diabetes). Initially, 38 patients (95%) were in WHO-FC III and 2 

patients (5%) in WHO-FC II. Prior to PDE5i initiation, mean PAPm was 46.2±10.3 (SD) mmHg, 
PAWP 21.2±4.7 mmHg, DPG 5.5±7.2 mmHg, and PVR 6.2±3.0 WU. After 12 months of PDE5i 
therapy, the 6MWD increased from initially 277±17 to 340±18 m (p<0.001), and the proportion 
of patients in WHO-FC I/II increased from 5% to 37.5%. NTproBNP levels decreased by 33% 
(p=0.004), and TAPSE improved from 16.8±0.7 mm at baseline to 18.2±0.6 mm (p=0.01). The 
rate of HF-associated hospitalizations was substantially lower in the 12 months post PDE5i 
initiation compared to the prior 12 months. The DPG had no impact on the response to therapy. 
No deaths occurred, and typical side effects of PDE5i were observed.
These data indicate that at least a subset of precisely characterized patients with HFpEF and 
Cpc-PH who tolerate PDE5i may benefit from targeted therapy. A randomized study in this 
particular sub-population is warranted.
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PRESENCE OF PULMONARY HYPERTENSION IS A POOR PROGNOSTIC FACTOR IN PATIENTS WITH PRIMARY MITRAL 
REGURGITATION NOT IN SECONDARY MITRAL REGURGITATION
Lee Ju--Hee*[1], Park Jae--Hyeong[2], Kwon Hee--Jin[2], Seong Seok--Woo[2], Ohh Jin Kyung[2], Cho Myeong--Chan[2]

[1]Chungbuk National University Hospital ~ Cheongju ~ Korea, Republic of, [2]Chungnam National University ~ Daejeon ~ Korea, Republic of

In patient with primary mitral regurgitation (MR), the prevalence of pulmonary hypertension 
(PH) is about 20% and its presence is a poor prognostic factor. However, it is still unknown the 
prognostic significance in patients with secondary MR.
We studied long-term survival in patients with MR and evaluated prognostic significance of PH 
according to the type of MR.
We included all consecutive MR patients with more than moderate degree. We determined MR 
severity with analysis of stored echocardiographic images and the presence of PH was defined 
as TR Vmax more than 3.0m/sec. The clinical outcome was assessed with the review of their 
medical records.
We analyzed total 605 MR patients (301 males, 6715 years old) with more than moderate 
degree. Of them, 354 patients had primary MR and 351 had PH. They were followed for 3051 

months for checking major adverse cardiocerbrovascular events (MACCE). During this period, 
total 222 patients had more than 1 episode of MACCE; 229 admissions for HF, 31 strokes, 26 
mitral valve surgery and 91 deaths. On the survival analysis, the presence of PH was a significant 
prognostic factor of total survival (HR=2.498, 95% CI=1.364-4.573, P=0.003) and MACCE 
(HR=2.666, 95% CI=1.783-3.986, P<0.001) after adjustment of age, gender and LVEF. PH was a 
poor prognostic factor of total survival (HR=7.175, 95% CI=2.175-23.674, P=0.001) and MACCE 
(HR=5.828, 95% CI=2.957-11.488, P<0.001) in patients with primary MR. However, PH was 
not a prognostic factor total survival (HR=1.012, 95% CI=0.497-2.061, P=0.974) and MACCE 
(HR=1.399, 95% CI=0.852-2.296, P=0.185) in patients with secondary MR.
The presence of PH was a poor prognostic factor in patients with primary MR not in secondary 
MR.
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FLUID CHALLENGE DURING RIGHT HEART CATHETERIZATION:  AN EXPERIENCE FROM A TERTIARY PULMONARY 
HYPERTENSION REFERRAL CENTRE
Moghaddam Nima*[1], Swiston John[1], Levy Robert D[1], Lee Lisa[2], Huckell Victor F[1], Brunner Nathan W[1]

[1]University of British Columbia ~ Vancouver ~ Canada, [2]Vancouver Coastal Health ~ Vancouver ~ Canada

Differentiating pulmonary arterial hypertension (PAH) from pulmonary hypertension (PH) 
related to left-sided heart disease (PH-LHD) can be challenging. There has been an interest in 
using fluid challenge during right heart catheterization (RHC) to unmask PH-LHD.
To evaluate the impact of fluid challenge in the classification and management of a real-world 
population of patients with PH
Charts of patients who underwent fluid challenge from 2013-2017 in our major PH referral 
centre were reviewed. Only 68 patients with a baseline pulmonary artery wedge pressure 
(PAWP) of 15 mmHg were included. A positive fluid challenge (PFC) was defined as an increase 
in PAWP to >15 mmHg with 500 cc of saline bolus.  Clinical characteristics related to heart 
disease, echocardiographic, and RHC parameters were compared between patients with PFC 
and those with negative fluid challenge (NFC).  
Fluid challenge was associated with more increase in PAWP in PFC compared to NFC (5.5±2.4 

vs. 2.7±2.5 mmHg, P<0.001). A PFC correlated with a lower transpulmonary pressure gradient 
(TPG; 17.0 vs. 25.7 mmHg, P<0.001), diastolic pressure gradient (DPG; 6.6 vs. 13.5 mmHg, 
P<0.001) and pulmonary vascular resistance (PVR; 3.8 vs. 7.1 Wood units, P<0.001). Cardiac 
output was higher in PFC (4.8 vs 4.2 L.min-1, P=0.03) which may pertain to diastolic dysfunction 
causing PH. PFC was associated with increased BMI, hypertension, and arrhythmia. We found 
82% of patients with PFC were classified as WHO Group 2 PH compared to only 24% of 
patients with NFC (P<0.001). The majority of patients with PFC were not started on advanced 
PH therapies (26% vs. 66%, P<0.001) and subsequently were discharged from clinic (50% vs. 
14%, P<0.001).
A positive fluid challenge is associated with most parameters associated with left heart disease, 
such as a lower DPG, TPG, and PVR. In our population, fluid challenge appeared to influence 
the classification of PH, and whether patients are started on therapy or discharged from clinic.
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EFFECT OF IMPROVEMENT OF PULMONARY HYPERTENSION AND/OR LEFT VENTRICULAR SYSTOLIC FUNCTION ON 
THE LONG-TERM PROGNOSIS OF PATIENTS WITH PULMONARY HYPERTENSION WITH LEFT VENTRICULAR SYSTOLIC 
DYSFUNCTION
Park Jae--Hyeong*[3], Lee Ju--Hee[1], Kwon Hee--Jin[2]

[1]Chungbuk National University Hospital ~ Cheongju ~ Korea, Republic of, [2]Chungnam National University ~ Daejeon ~ Korea, Republic of, [3]~ Korea, Republic of

Patients with pulmonary hypertension (PH) associated with left ventricular (LV) systolic 
dysfunction (LVSD) have poor prognosis. 
We evaluated long-term survival of patients with PH associated with LVSD, especially according 
to the improvement of PH and/or LVSD.
We screened all consecutive patients with PH with LVSD from September 2011 to March 2017. 
PH was defined with TR Vmax more than 3.0m/sec and the presence of LVSD was decided 
LVEF less than 45%. We included only patients with follow-up echocardiographic study within 6 
months.
We screened total 1526 patients with PH and LVSD. Of them, 380 patients (227 males, 6715 
years old) were enrolled in this analysis. In the baseline echocardiography, LVEF was 308% 
and TR Vmax was 3.40.4m/sec. In the follow-up echocardiography, 259 (68%) showed 
improvement of LVEF more than 15% and 238 (63%) demonstrated disappearance of PH. 
According to the improvement of PH and/or LVSD, we classified the study group into 4 groups; 
group 1 with both improvement (190 patients), group 2 with PH and improvement of LVEF (69 
patients), group 3 with disappearance of PH and LVSD (48 patients) and group 4 with sustained 
PH and LVSD (73 patients). Group 4 had older age and higher incidence of ESRD, MI and 
aggravation of HF. Study patients were followed total 3220 months (range 0.7 to 70 months). 
During this period, 130 patients had more than 1 episod of major cardiocerebrovascular 
accidents (MACCE, 60 deaths, 95 admissions for HF, and 12 strokes). The 5-year survival rate 
was 753% and MACCE-free survival rate was 554%. Group 1 showed best MACCE-free 
survival and total survival and group 3 showed better total survival than group 2 after the 
adjustment of age and gender (Figure, P=0.001).
Group 1 showed best long-term survival rate. Patients with improvement of PH with LVSD 
(group 3) showed more favorable total survival and MACCE-free survival than in patients with 
improvement of LVSD with PH (group 2).
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COMPARATIVE OUTCOME OF INCIDENT PATIENTS WITH PULMONARY HYPERTENSION DUE TO LEFT HEART DISEASE 
ACCORDING WITH THE HAEMODYNAMIC CLASSIFICATION OF THE 2015 ESC-ERS PULMONARY HYPERTENSION 
GUIDELINES
Pasca Filippo*, Dardi Fabio, Palazzini Massimiliano, Gotti Enrico, Rinaldi Andrea, Albini Alessandra, Monti Enrico, Zuffa Elisa, Guarino Daniele, Tanese Nikita, Rotunno Mariangela, Colangelo Antonio, 
Manes Alessandra, Galiè Nazzareno
University of Bologna, Department of Specialized, Diagnosticand Experimental Medicine – DIMES - Bologna/IT ~ Bologna ~ Italy

Post-capillary pulmonary hypertension (PH) is a common complication of advanced left heart 
disease (LHD). The 2015 ESC-ERS PH guidelines provide a new definition of isolated post-
capillary PH (IpC-PH) and combined post-capillary and pre-capillary PH (CpC-PH) 
The aim of the study is to compare survival of patient with PH-LHD referred to a specialized PH 
center according to the new haemodynamic definition.
From October 1992 to December 2013, consecutive incident patients with PH-LHD were 
retrospectively included. IpC-PH is defined by a diastolic pressure gradient [DPG= diastolic 
pulmonary artery pressure (PAP) - pulmonary artery wedge pressure (PAWP)] <7 mmHg and 
pulmonary vascular resistance (PVR) ≤3 WU. CpC-PH is defined by a DPG ≥7 mmHg and/or 
PVR >3 WU. We assessed survival by Kaplan-Meier curves (and Log-rank test for comparisons). 
Data are presented as the median and interquartiles.
231 patients with PH-LHD were included [69 (60-75) years old, 73% female]. The etiology of 
LHD was: heart failure with preserved ejection fraction (47%), valvular disease (43%) and left 
ventricular systolic dysfunction (10%). The majority of patients was in functional class NYHA III-IV 
(60%) with low exercise capacity [6 minute walk test= 347 (256-443) m]. Haemodynamic profile 
was characterized by elevated right atrial pressure [12 (9-16) mmHg], mean PAP [37 (32-47) 
mmHg] and PVR [3.7 (2.4-5.4) WU] and borderline-low cardiac index [2.6 (2.2-3.1) l/min/m2]. 
Survival comparisons according with the guidelines definition (panel A), with only the DPG 
component (panel B) and with only the PVR component (panel C) are shown in the Figure.
Patients with CpC-PH have a worse prognosis compared to patients with IpC-PH according with 
the haemodynamic definition of the 2015 ESC-ERS Guidelines. However, the results are driven 
exclusively by the PVR cut-off component (3 WU) while the DPG cut-off component (7 mmHg) is 
not discriminating patients with different survival.
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NEDA PH-LHD PREDICTIVE MODEL: VALIDATION OF DIASTOLIC MARKERS OF PULMONARY HYPERTENSION WITH RIGHT 
HEART CATHETERISATION 
Strange Geoff*[1], Playford David[1], Naing Pyi[1], Codde Jim[1], Celermajer David[2], Scalia Gregory[3], Chung Kevin[1]
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Our group has developed a predictive model to diagnose pulmonary hypertension due to left 
heart disease (PH-LHD) using markers of diastolic function.  This has been validated in a cohort 
of 302,746 echos (174,229 patients) and the model has an accuracy of 75%.  The gold standard 
in the diagnosis of PH-LHD is a right heart catheterisation (RHC).
To establish the predictive value of our PH-LDH model in patients undergoing RHC.
Data was extracted for patients undergoing RHC from a tertiary cardiology centre in addition to 
their most recent echo results.  Diastolic markers of age, E’, E/e’, E:A ratio and indexed left atrial 
volume (LAVI) were used to apply our predictive model in patients with PH-LHD diagnosed on 
RHC (PCWP >15mmHg, mPAP >25mmHg)

887 patients with a mean (± SD) age of 68 (±18), 56% male, mean pulmonary artery pressure 
(mPAP) of 31 (±13)mmHg and mean PASP of 53 (±18)mmHg.  The incidence of pulmonary 
hypertension on RHC was 68% (mPAP >25mmHg) vs 50% on echo ePASP (>40mmHg).  We 
applied our formula constant [-6.237 + (0.03 x Age) + (0.03 X LAVI) + (0.197 x E:A ratio) + (0.089 
x E:e’) + (0.078 x E’)] to establish the predictive value of our model in RHC diagnosis of PH-LHD.  
The AUC was 0.793 (95% CI 0.651 – 0.934 p=0.017).
Using our predictive model, we are able to predict, with 80% accuracy, patients with PH-LHD 
previously diagnosed by RHC using Echo derived diastolic markers of LHD. 
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RHO-KINASE AND CYCLOPHILIN A AS NOVEL THERAPEUTIC TARGETS FOR CARDIAC DIASTOLIC DYSFUNCTION AND 
POST-CAPILLARY PULMONARY HYPERTENSION
Sunamura Shinichiro*, Satoh Kimio, Kurosawa Ryo, Ohtsuki Tomohiro, Kikuchi Nobuhiro, Elias--Al--Mamun Mohammad, Shimizu Toru, Ikeda Shohei, Suzuki Kota, Satoh Taijyu, Omura Junichi, Nogi 
Masamichi, Abdul  Hai  Siddique Mohammad, Miyata Satoshi, Shimokawa Hiroaki
Department of Cardiovascular Medicine, Tohoku University Graduate School of Medicine ~ Sendai ~ Japan

Cardiac diastolic dysfunction and post-capillary pulmonary hypertension (PH) are important 
aspects of chronic heart failure (CHF), although their pathogenesis remains to be fully 
elucidated.
To determine the roles of Rho-kinases (ROCK1/2), cyclophilin A (CyPA), and its receptor basigin 
(Bsg) in the development of cardiac diastolic dysfunction and post-capillary PH.
A model of cardiac diastolic dysfunction and post-capillary PH was created in cardiac-specific 
ROCK1-deficient (ROCK1–/–) and ROCK2-deficient (ROCK2–/–) mice by transverse aortic 
constriction (TAC).  Echocardiography, histological analysis and Western blotting were 
performed 4 weeks after TAC.  Furthermore, we conducted a high-throughput screening 
in order to identify a therapeutic agent for left heart diseases by targeting both cardiac 
dysfunction and post-capillary PH.
Echocardiography revealed that ROCK1–/– mice were vulnerable to and ROCK2–/– mice 

were resistant to pressure-overload.  Histological analysis showed that pressure-overload-
induced cardiac hypertrophy, fibrosis, and pulmonary vascular remodeling were enhanced 
in ROCK1–/– mice compared with controls, but were attenuated in ROCK2–/– mice after TAC.  
Consistently, dihydroethidium staining showed that the levels of oxidative stress were up-
regulated in ROCK1–/– hearts and down-regulated in ROCK2–/– hearts compared with controls 
after TAC.  Furthermore, CyPA and Bsg, both of which augment oxidative stress, enhanced 
cardiac dysfunction and post-capillary PH in ROCK1–/– mice, whereas their expressions were 
significantly lower in ROCK2–/– mice.  Finally, high-throughput screening identified that 
celastrol, an anti-oxidant and anti-inflammatory agent, reduced CyPA/Bsg expression and 
ameliorated TAC-induced cardiac diastolic dysfunction and post-capillary PH in mice.
Myocardial ROCK1 and ROCK2 play different roles in the development of cardiac dysfunction 
and subsequent post-capillary PH by differentially affecting CyPA and Bsg expression in CHF.
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MEAN VELOCITY OF THE PULMONARY ARTERY AS AN EARLY PROGNOSTIC INDICATOR IN HFREF IN RELATION WITH 
FIBROSIS BIOMARKERS GALECTIN-3 AND ST2/IL-1.
Trejo--Velasco Blanca*[1], Fabregat--Andrés Oscar[1], García--González Maria Pilar[2], Ferrando Monica[1], Perdomo--Londoño Diana[1], Belchi Joaquina[1], Albiach--Montañana Cristina[1], Sánchez--Álvarez 
Sergio[1], Cardenas--Tealdo Juan Pablo[1], Morell--Cabedo Salvador[1], Ridocci--Soriano Francisco[1]

[1]Hospital General Universitario de Valencia ~ Valencia ~ Spain, [2]Centro Médico Eresa Valencia ~ Valencia ~ Spain

Pulmonary hypertension (PH) confers a poor prognosis in heart failure (HF) patients, in particular 
when right ventricular (RV) dysfunction ensues. Non-invasive assessment with CMR permits 
a thorough evaluation of the RV, the pulmonary circulation and the RV-pulmonary artery unit. 
Additionally, multiple fibrosis biomarkers that could influence the arterial remodelling that 
occurs in the pulmonary bed are currently under investigation, as is the case of Galectin-3 and 
ST2/IL-1.
To evaluate the prognostic value of mean velocity of the pulmonary artery (mvPA) in HFrEF and 
its relation to RV function and Galectin-3 and ST2/IL-1.
Prospective inclusion of 47 patients that presented to our hospital with new onset HFrEF 
(mean LVEF 26.7+/-9.1%). A cardiac MRI and blood sample extraction was performed index 
admission. with measurement of mvPA and  Galectin-3 and ST2/IL-1. The sample was divided 
in two groups according to the optimal cut-off value of mvPA (9.5cm/s) calculated by ROC 
curve to predict cardiac adverse events at follow-up; readmission for decompensated HF and 
all-cause death.  

During a median follow-up period of 265 days 11 cardiac events occurred. Patients with mvPA 
<9.5cm/s presented higher event rates and lower event-free survival as estimated by Kaplan-
Meier curve: Log Rank 5.155, p = 0.023. The prognostic value of mvPA remained significant 
both in patients with reduced and preserved RV function. Galectin-3 and ST2/IL-1 showed a 
non-significant trend towards higher values in patients with mvPA < 9.5cm/s.
MvPA is an early prognostic predictor in HFrEF, independently of RV function. Raised levels 
of Galectin-3 and ST2/IL-1could indicate a more advanced stage of the pulmonary vascular 
remodelling process in patients with low mvPA values. 
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A RARE AND RAPIDLY PROGRESSING CASE OF PULMONARY HYPERTENSION
Yaylali Yalin Tolga*, Gokhan Sonmez
Pamukkale University ~ Denizli ~ Turkey

This was an unfortunate 48-year-old woman who was referred for RHC with a diagnosis of 
idiopathic PAH. Her PMH was notable for Lyme disease. PE revealed a loud S2, III/VI TR murmur, 
and lower extremity edema. 
Her ECHO initially showed no evidence of left heart disease, but dilated right atrium and 
ventricle, pericardial effusion, D shaped septum, and IVC of 25 mm with <50% collapse. Her 
V/Q scan showed normal perfusion. No evidence of parenchymal disease was noted on chest 
CT. Her PFTs were normal. Her 6 MHW was 460 m and NT pro BNP: 1639.
Her RHC findings: sPAP/dPAP/meanPAB: 37/22/32 mmHg, RA mean: 27 mmHg, PVR: 8 
WU, FCI: 1.9 l/min/m2, DPG: 16 mmHg, mVO2: 48%. Her LHC showed normal coronaries 
and LVEDP: 6 mmHg (with a jump to 19 mmHg after 250 ml of NS). She had deteriorated 
rapidly over a few weeks. Her repeat ECHO showed both LV (40-45%) and RV (TAS’: 7) systolic 
dysfunction with pericardial effusion and severely dilated right chambers. 18F-FDG-PET showed 

areas of inflammatory myocardial damage and scarring.
Because of her rapidly deteriorating symptoms, she was referred for EMB. Unfortunately, 
she expired while awaiting EMB. Biventricular failure cardiomyopathy presenting with PH is 
extremely rare. We report a case of biventricular failure who initially presented with idiopathic 
PAH phenotypically. With the increase in LVEDP with fluid and increased DPG, this seems 
to be a combination of pre- and post-capillary PH. It seems to be due to biventricular failure 
cardiomyopathy.
Given the rapid progression of her disease and, clinical and laboratory characteristics, 
idiopathic giant cell myocarditis is the most likely diagnosis. Besides, Lyme disease, HIV 
infection, sarcoidosis, Behçet’s disease, eosinophilic granulomatosis with polyangiitis, myositis, 
systemic sclerosis, SLE, other viral infections (parvovirus B19, HH6, coxsackievirus, influenza, 
adenovirus, echovirus, CMV) could do this.
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A POTENTIAL ROLE FOR PDE-5 INHIBITORS FOR PULMONARY HYPERTENSION DUE TO LUNG DISEASE/HYPOXIA
Barnes Hayley*[1], Brown Zoe[2], Burns Andrew[3], Williams Trevor[1]

[1]Alfred Hospital ~ Melbourne ~ Australia, [2]Royal Adelaide Hospital ~ Adelaide ~ Australia, [3]Department of Cardiology, St Vincent’s Hospital ~ Melbourne ~ Australia

Pulmonary hypertension (PH) secondary to lung disease/hypoxia is common, particularly 
related to end-stage lung disease, and when present, reduces exercise tolerance, dyspnoea, 
and quality of life. Beyond disease-specific therapy for lung disease, and correction of 
hypoxemia, there is little published evidence that disease-specific PH therapy has a role in these 
patients. 
As part of a larger Cochrane review: PDE-5 inhibitors for Pulmonary Hypertension, we sought to 
determine whether PDE-5 inhibitors (PDE5i) improved outcomes in PH due to lung disease. 
Searches for randomised and quasi-randomised controlled studies on CENTRAL, MEDLINE, 
EMBASE, CINAHL, and Web of Science to August 2017 were performed.
Seven trials with 427 participants were included. Six trials included those with PH secondary 

to COPD and one trial secondary to IPF. Six trials used sildenafil, and one trial used tadalafil, 
compared with placebo for a mean duration of 12 weeks, one up to 6 months.  
There was a significant difference in improvement in WHO functional class (OR 44.33, 95% CI 
4.78 to 410.93; p=0.0008), and six minute walk distance (MD 24.22, 95% CI 15.70 to 32.74; 
p<0.0001), favouring PDE5i compared to placebo. There was no significant difference in terms 
of haemodynamics, quality of life or adverse events. 
There may be some evidence for PDE5i for PH due to lung disease, although this data should 
be interpreted with caution due to the small number of studies and short treatment duration. 
Further studies with PH-specific therapy in PH due to different lung diseases are warranted. 
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SEVERE PULMONARY HYPERTENSION IN TOBACCO-INDUCED RESPIRATORY DISEASES
Chelabi Samy*[1], Chassagnon Guillaume[2], Savale Laurent[1], Weatherald Jason[5], Jais Xavier[1], Boucly Athenais[1], Mal Herve[4], Burgel Pierre--Regis[3], Simonneau Gerald[1], Sitbon Olivier[1], Humbert 
Marc[1], Montani David[1]

[1]APHP, Service de pneumologie, Hôpital Bicêtre ~ Le Kremlin-Bicêtre ~ France, [2]APHP, Service de radiologie, Hôpital Cochin ~ Paris ~ France, [3]APHP, Service de pneumologie, Hôpital Cochin ~ Paris ~ France, [4]APHP, Service de 
pneumologie, Hôpital Bichat ~ Paris ~ France, [5]Department of Medecine, University of Calgary ~ Calgary ~ Canada

Tobacco-induced respiratory diseases are often associated with mild pulmonary hypertension 
(PH). Several patients have severe PH, only related to chronic obstructive disease and/or 
emphysema. 
We conducted a monocentric, retrospective study to describe this population of patients with 
severe PH associated with tobacco-induced respiratory diseases.
We included patients classified in group 3.1 of PH classification from French PH national 
registry, between October 2005 and January 2016. We described demographics, treatments, 
prognosis and determinants of prognosis of these patients. We analyzed effects of pulmonary 
arterial hypertension (PAH) specific treatments on hemodynamics, blood gas and 6-minutes’ 
walk test (6MWT) in those who had a monotherapy treatment. We also performed a CT-scan 
analysis with emphysema and pulmonary vessels quantification.
Fifty-five patients were included in our study. Those patients were mostly male (82%) with mean 
age of 66 years. They had severe PH (mPAP= 46mmHg and mean cardiac index= 2.61L/min/

m²) and moderate airways obstruction (FEV1= 66%). Patients who had received PAH specific 
treatments displayed modest increase of 6MWT and cardiac index, with clear alteration of 
hematosis. There was no effect of these treatments on survival. Median survival was 40 months.  
Multivariate analysis revealed that FEV1> 80% was a highly significant negative prognostic 
factor (Hazard Ratio= 6.41).  Patients with FEV1> 80% displayed a significantly worse survival 
(median survival= 20 months vs 47 months for patients with FEV1< 80%). Emphysema and 
pulmonary vessels quantification are heterogeneous on CT-scan in this population, without 
significant difference between the two groups.
Patients with PH related to tobacco-induced respiratory diseases have a poor prognosis not 
improved by PAH specific treatments. We describe a subgroup of smoker patients with no or 
moderate airflow limitation, severe PH and without scanographic feature, whose prognosis is 
worse. 
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COMPARATIVE OUTCOME OF INCIDENT PATIENTS WITH PULMONARY HYPERTENSION DUE TO LUNG DISEASE 
ACCORDING WITH THE HAEMODYNAMIC CLASSIFICATION OF THE 2015 ESC-ERS PULMONARY HYPERTENSION 
GUIDELINES
Guarino Daniele*, Palazzini Massimiliano, Gotti Enrico, Rinaldi Andrea, Dardi Fabio, Albini Alessandra, Monti Enrico, Zuffa Elisa, Pasca Filippo, Tanese Nikita, Rotunno Mariangela, Colangelo Antonio, 
Manes Alessandra, Galiè Nazzareno
University of Bologna, Department of Specialized Diagnostic and Experimental Medicine – DIMES - Bologna/IT ~ Bologna ~ Italy

Pulmonary hypertension (PH) is a frequent complication of advanced lung disease (LD) even if 
few data are available on outcome according with haemodynamic severity.
The aim of the study is to compare baseline characteristics and outcome of patients with PH-LD 
according with the following haemodynamic classification of the 2015 ESC-ERS PH guidelines: 
LD with PH if mean pulmonary arterial pressure (mPAP) ≥25 mmHg; LD with severe PH if mPAP 
>35 mmHg or mPAP ≥25 mmHg in addition with cardiac index (CI) <2.5 l/min/m2.
From October 1992 to July 2015, consecutive incident patients with PH-LD referred to our PH 
centre were included; at baseline patients underwent clinical evaluation, six-minute walking 
distance (6MWD) and right heart catheterization. All patients received optimized therapy for the 
underlying LD. According with baseline haemodynamic profile, patients were divided in two 
groups following the above classification. Comparison of WHO functional class, 6MWD and 
haemodynamic parameters were done using Pearson chi-square and Student t-test. Survival 
data were assessed by Kaplan-Meier curves and compared by Log-rank test.
The comparison between baseline characteristics is shown in the Table. 
 
Survival of patients with LD and severe PH was significantly worse than patients with not severe 
PH (Log-rank test p-value: 0.004; as shown in the Figure).
The proposed PH-LD haemodynamic classification identifies two different populations: patients 
with LD and severe PH are more frequently male and with a worse functional class, exercise 
capacity and outcome as compared with the not-severe PH group. The current study represents 
a validation of the criteria used in the 2015 ESC-ERS PH guidelines and confirms the overall 
severity of patients with PH-LD.
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INHALED ILOPROST AS POTENTIAL NEW TREATMENT FOR GROUP 3 PULMONARY HYPERTENSION
Hsu Chih--Hsin*, Su Po--Lan
Department of Internal Medicine, National Cheng Kung University Hospital ~ Tainan ~ Taiwan

Currently there is no specific therapy for group 3 pulmonary hypertension. Systemic 
vasodilators are not recommended because of possibly impaired gas exchange by inhibition 
of hypoxic pulmonary vasoconstriction. Inhaled iloprost could improve shunt flow and gas 
exchange by selective vasodilatation of pulmonary vascular bed and could be potential new 
treatment for group 3 pulmonary hypertension.
To review treatment response of inhaled iloprost in patients with group 3 pulmonary 
hypertension.
We retrospectively review the clinical record of patients with group 3 pulmonary hypertension 
in past 10 years. Computed tomography was reviewed to confirm diagnosis of emphysema, 
idiopathic pulmonary fibrosis (IPF) and combined pulmonary fibrosis and emphysema (CPFE). 
Age, gender, pulmonary function test, frequency of acute exacerbation, 6-minute-walk-test data, 
hemodynamic parameters from echocardiography or right heart catheterization were recorded. 
T-test and correlation analysis were performed.

Patients with CPFE have near normal spirometry data but significant reduction in DLco and 
higher pulmonary arterial pressure. The pulmonary arterial pressure and lung volume have 
negative correlation in pulmonary fibrosis and emphysema but positive correlation in CPFE. 
Among patients receiving inhaled iloprost for 1 year, pulmonary arterial pressure improved 
more than conventional medication (32 mmHg decrease vs. 0 mmHg decrease, p = 0.02). All 
patients receiving inhaled iloprost has significant improvement of oxygenation and have better 
6-minutes-walk-test result (394 vs. 297 meters, p = 0.01). The high pulmonary arterial pressure 
(88 mmHg vs. 49 mmHg, p = 0.03) correlated with higher frequency of acute exacerbation in 
patients with emphysema and CPFE.
With inhaled iloprost use, patients will have significant improvement in physiologic parameters 
and clinical outcome. Based on current study, inhaled iloprost could be potential therapy for 
patients with group 3 pulmonary hypertension.



Nice February 27-28 / March 1, 2018 220

March 1, 2018
CLINICAL SCIENCE - 10 PH DUE TO CHRONIC LUNG DISEASES 
ABSTRACT C14
PROGNOSTIC FACTORS OF PULMONARY HYPERTENSION WITH SEVERE LUNG DISEASE IN RETROSPECTIVE STUDY
Kazuhiko Nakayama*, Noriaki Emoto, Naoki Tamada, Yuto Shinkura, Hiroyuki Onishi, Kenichi Yanaka, Yoichiro Matsuoka, Toshiro Shinke, Ken--Ichi Hirata
Kobe University Graduate School of Medicine ~ Kobe ~ Japan

The clinical validity of pulmonary vasodilators on the patients with pulmonary hypertension (PH) 
due to severe lung disease was not determined.
The purpose of this study was to identify the independent prognostic factors in the PH patients 
with severe lung disease.
We retrospectively analyzed 82 patients who were diagnosed as pulmonary hypertension by 
right heart catheterization and complicated with severe lung disease. Severe lung disease was 
defined by pulmonary functional test (%VC<60% and/or %FEV1<70%) or by chest CT scan 
detecting combined pulmonary fibrosis and emphysema. Prognosis was evaluated by Kaplan-
Meier method. Prognostic factors were identified by cox hazard model.
Mean age was 68±12 years. 46 patients were complicated with any connective tissue 
disease (SSc/SLE/PM/RA/others; 24/1/6/11/4). 36 patients were classified in group3 lung-PH 
(COPD/IIP/CPFE/SAS; 12/7/7/5). They had poor lung function (%VC 67±3%, %FEV1 56±3%, 
%DLco26±3%) and severe symptom(WHO-Fc II/III/IV; 6/44/32). We treated 72 patients with 
pulmonary vasodilators (monotherapy / sequential combination / upfront combination; 
30/35/7). 38 patients died during the follow-up period (2.6±0.3 years). Three years survival rate 
of the patients (n=72) treated by any pulmonary vasodilator was better (59% vs 23%; p<0.006) 
than that without the drug (n=10). During the study period, even though hemodynamics 
(mPAP: 37.5±1.1 to 32.4±1.4mmHg; p<0.0001, PVR 659±50 to 528±53 dynesec/cm5; 
p=0.01) was significantly improved, 6MWD (291±23 to 271±22m; p=0.309) and WHO-Fc 
(3.3±0.7 to 3.2±0.6; p=0.23) were not changed. However, cox hazard analysis identified mPAP, 
6MWD, and serum albumin as independent prognostic factors. The cutoff value of the each 
factors was 35mmHg, 262m, 3.1mg/dl.
For better prognosis of the PH patients with severe lung disease, pleiotropic approach 
including rehabilitative and nutritional aspects on the top of pulmonary vasodilators might to 
be considered.
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ESTABLISHMENT OF A NOVEL MODEL OF GROUP 3 PULMONARY HYPERTENSION INDUCED BY SU5416/HYPOXIA IN RATS
Wada Yosuke*, Yoshiaki Kitaguchi, Masanori Yasuo, Masayuki Hanaoka
First Department of Internal Medicine, Shinshu University School of Medicine ~ Matsumoto ~ Japan

Pulmonary hypertension (PH) due to chronic lung diseases (PH-lung, WHO group 3) is 
associated with increased morbidity and mortality. Previous studies demonstrated that chronic 
treatment of rats with vascular endothelial growth factor (VEGF) receptor blocker, SU5416, 
led to enlargement of air spaces of lungs in the rats, indicative of formation of emphysema. 
However, other studies revealed that the SU5416/hypoxia/normoxia-exposed rats developed 
severe PH of group 1.
The aim of this study is to establish SU5416/hypoxia-induced PH in rats which was characterized 
by chronic pulmonary hemodynamic deterioration in association with emphysema. This novel 
model of group 3 PH established in rats is expected to be similar in the pathophysiology of 
human PH associated with emphysema.
Male Sprague-Dawley rats were injected subcutaneously with SU5416 on day 1, 8 and 15, and 
then exposed to normobaric hypoxia for 6 weeks. Animals were sacrificed on day 42 after the 

first SU5416 injection.
The SU5416/hypoxia rats demonstrated enlarged airspaces which were quantified by mean 
linear intercept (MLI), suggesting a development of emphysema in comparison to the control 
group (120 ± 12 μm vs. 70 ± 10 μm, P < 0.01). Moreover, the SU5416/hypoxia rats showed PH 
which was determined by significantly increased mean pulmonary arterial pressure (33 ± 12 
mmHg vs. 16 ± 8 mmHg, P < 0.01) and right ventricle (RV)-to-left ventricle (LV) plus septum (S) 
heart weight ratio (RV/LV + S) (0.71 ± 0.05 vs. 0.20 ± 0.06, P < 0.01) in comparison to the control 
group. In addition, there were no evidence of plexiform lesions within pulmonary arterioles, a 
morphologic hallmark of pulmonary arterial hypertension of group 1 PH.
Our findings suggest that exposure the rats treated with VEGF receptor inhibitor to hypoxia 
induced PH that was highly associated with the development of emphysema. This novel animal 
model is mimic of the pathophysiological changes in human group 3 PH.
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A RARE RESPIRATORY CONDITION ASSOCIATED WITH PULMONARY HYPERTENSION
Yaylali Yalin Tolga*, Durmus Sinan, Akgun Alperen Emre, Evyapan Fatma
Pamukkale University ~ Denizli ~ Turkey

This is an unfortunate 41-year-old woman who is referred for the evaluation of PH. She had left 
pneumonectomy for hydatid disease at the age of 5 and scoliosis surgery at the age of 15. She 
has been on oxygen and diuretics, but noncompliant with BiPAP. 
 She has worsening dyspnea and leg swelling over the last few weeks. She weighs 42 kg and 
her height is 160 cm. PE revealed a prominent right hemithorax, absent breath sounds on the 
left hemithorax, increased expirium on the right side, a loud S2, III/VI TR murmur, and lower 
extremity edema. 
Her ECHO showed severely dilated right sided chambers, pericardial effusion, TRV: 3.6 m/s, D 
shaped septum and IVC: 25 mm with <50% collapse. Chest CT showed the absence of the left 
lung, peribronchial thickenings, cystic bronchiectasis, ground glass opacities, and atelectasis 
in the right lung. Her 6 MHW was 380 m and NT pro-BNP was 1296 pg/ml. Her saturation was 
70% on room air (ABGs: pH: 7.35, pO2: 92, pCO2: 73, sat: 96% on 2 l/min).  Her RHC findings: 
sPAP/dPAP/meanPAB: 63/29/44 mmHg, RA mean: 8 mmHg, PCWP: 7 mmHg, PVR: 9 WU, FCI: 

3 l/min/m2. 
Antibiotics and diuretics were given with appropriate BiPAP settings. One mo later, she is 
saturating at 96% on RA, however desaturating on 6MHW. She now walks 465 m. The NT pro-
BNP raised to 1975 pg/ml. The ECHO findings remained the same. 
In this case, PH is due to iatrogenic developmental lung disease (left pneumonectomy) and 
restrictive pathology from severe scoliosis. In group 3, severe PH is uncommon.The underlying 
mechanism could be chronic diurnal and nocturnal hypoxia, hypercapnia, and acidosis. 
The other factor that contributes to PH is restrictive lung disease related to severe chest wall 
deformity. BiPAP made her significantly better. However, Long-term oxygen and BiPAP will not 
completely normalize hemodynamics or reverse pulmonary vascular remodelling. She would 
need parenteral PAH drugs if hemodynamics would not further improve with BiPAP over a few 
months.   
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BALLOON PULMONARY ANGIOPLASTY(BPA) AS AN ADDITIONAL TREATMENT OPTION FOR PATIENTS WITH INOPERABLE 
CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION (CTEPH) TREATED WITH RIOCIGUAT.
Adachi Shiro*[1], Yoshihisa Nakano[1], Fumitaka Tajima[2], Shigetake Shimokata[1], Yoshihiro Kamimura[1], Naoki Okumura[1], Toyoaki Murohra[1], Takahisa Kondo[1]

[1]Nagoya university graduate school of medicine ~ nagoya ~ Japan, [2]Nagoya university hospital ~ Nagoya ~ Japan

Riociguat improves the exercise tolerance and hemodynamics in patients with CTEPH. BPA 
in the patients with inoperable CTEPH improves the symptoms, hemodynamics, right heart 
function, exercise tolerance and vital prognosis. However, the effect of combination therapy of 
BPA and riociguat is little known.  
Aim: To clarify the effect of combination therapy of BPA and riociguat in hemodynamics and 
exercise tolerance.  

To clarify the effect of combination therapy of BPA and riociguat in hemodynamics and exercise 
tolerance.
Staged BPA was performed in eleven patients with inoperable CTEPH in single PH center in 
Japan. After definitive diagnosis, riociguat was administered and titrated to maintenaice dose. 
The operability was decided by multidisciplinary CTEPH team. Right heart catheterization, 
physiological findings and laboratory findings were performed at baseline, after titration of 
riociguat (post-riociguat), and after four BPA sessions (post-BPA). Hemodynamics, right heart 
function and exercise tolerance among baseline, post-riociguat and post-BPA were compared. 
Mean age was 60±12years. TAPSE was 18.3±3.9mm at baseline. The baseline hemodynamics 
were as follows: mean PAP, 46.6±10.4mmHg; cardiac index(CI), 2.0±0.4 L/min/m2; 
and pulmonary vascular resistance (PVR), 12.1±3.9 Wood unit. Peak VO2 obtained by 
cardiopulmonary exercise testing was 13.6±2.5mL/kgmin. Mean PAP, PVR, CI improved 
significantly from baseline to post-riociguat (p<0.001, p=0.005, p=0.008, respectively). Mean 
PAP improved significantly from post-riociguat(36.6±27.7mmHg) to post-BPA(27.9±1.9mmHg, 
p<0.001). The PVR tended to improve from post-riociguat to post-BPA(p=0.068). TAPSE and 
peakVO2 significantly improved from baseline to post-BPA (p=0.045, p=0.043, respectively). 
No patient presented residual pulmonary hypertension.
BPA is a promising treatment option for inoperable CTEPH patients in whom riociguat could not 
sufficiently reduce mean PAP less than 30 mmHg.
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SUBMASSIVE PULMONARY EMBOLISM TREATMENT WITH ULTRASOUND-ACCELERATED THROMBOLYSIS (SPEAR) TRIAL: A 
PROSPECTIVE STUDY.
Berjaoui Wael*, Knox Michael, Girgis Reda, Langholz David
Spectrum Health ~ Grand Rapids ~ United States of America

Submassive Pulmonary Embolism (SPE) is associated with an increased risk of mortality and 
long-term morbidity, including chronic thromboembolic pulmonary hypertension (CTEPH). 
Ultrasound-accelerated thrombolysis (USAT) has enabled local administration of low-dose 
thrombolytic with significantly reduced risk of fatal hemorrhage. .
We conducted a prospective, single-arm study to assess medium-term outcomes after USAT for 
SPE.
Consecutive patients with SBE received 24 mg tPA via EKOS catheters. Pulmonary angiography 
and pressures pre and post treatment were obtained. Doppler echocardiography (DE) was 
performed at baseline and 72 h and 90 days post USAT. Maximal cardiopulmonary exercise 
testing (CPET) was conducted at 90 d. SF-36 QOL was obtained at baseline and 90d.
25 subjects (18 M, 55 ± 14 y) were enrolled. USAT was a technical success in all patients. PASP 
decreased from 51 mm Hg to 40 mm Hg. Qandali scores demonstrated a 60% reduction in 
clot burden. RV:LV ratio by DE at baseline, 72 h and 90 d was 1.38 ± 0.28, 0.92 ± 0.14 and 0.84 

± 0.25, respectively. There were statistically significant improvements in RV/LV ratio, RV strain, 
RVFAC (25.6% at baseline, 39.1% at 72 hours and 40.3% at 90 days), and RVSP ( 52 mmHg at 
baseline, 37 at 72 hours and 26 at 90 days).at the 72 hour DE compared with baseline. SF-36 
PCS scores were 36.0 ± 13.6 and 46.7 ± 9.6 pre and 90 days post treatment while SF-MCS 
scores were 52.1 ± 10.7 and 54.1 ± 8.7, respectively. On CPET, 18/22 patients achieved a 
peak VO2 > 85% predicted. Ve/VCO2 was normal in all 22 patients tested and hypoxemia 
was observed in 2. No catheter related complications, intra-cranial hemorrhage or other major 
bleeding was observed
USAT with EKOS catheter results in significant improvement in RV size and function 
accompanied by excellent medium-term exercise capacity and QOL, with a low risk of 
complications. Large controlled trials are warranted to assess the ability of USAT to reduce the 
incidence of CTEPH following SPE.
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PREVALENCE AND LONG TERM OUTCOME OF CTEPH - SINGLE CENTRE EXPERIENCE.
Bohacekova Marcela*, Valkovicova Tatiana, Kaldararova Monika, Simkova Iveta
Department of Cardiology and Angiology, Medical Faculty, Slovak Medical University and National Institute of Cardiovascular Diseases, ~ Bratislava ~ Slovakia

Chronic thromboembolic pulmonary hypertension (CTEPH) is a progressive and debilitating 
vascular disease results from persistence of thrombotic obstructions in the pulmonary 
vasculature despite at least 3 months of effective anticoagulation treatment. In our country the 
epidemiology and long-term outcome of CTEPH are unknown.
The aim of the study was to investigate in retrospective manner the prevalence and incidence 
of CTEPH and to evaluate the long-term outcome in CTEPH population.
As our institution represents the only center for CTEPH management in our country, this 
long-term study, similarly like a registry, reflects epidemiologic data. In this CTEPH population 
we specified the prevalence of CTEPH in our country and the long-term outcome during 16 
years. Furthermore in smaller region with 500 000 inhabitants investigating the population with 
pulmonary embolism (PE) we set the estimated incidence of CTEPH after PE.

The study population consisted of 81 patients with the following baseline characteristics: mean 
age 60,5±11,9 yrs (51 male/30 female), mean pulmonary artery pressure 48,6±12,0 mmHg, 
pulmonary vascular resistance 9,2±4,6 WU, clinical severity according to NYHA functional 
class 2,8±0,5 and exercise capacity according to 6 – minute walking distance of 313±134 m. 
Prevalence of CTEPH in adult population in our country was estimated to be 1.67 per 100,000 
inhabitants and survival at 1, 3, 5 and 7 years was 95%, 94%, 89% and 86%.  The incidence of 
CTEPH after PE represents 1,1 on 100 000 adult inhabitants.
This single center study, as the first epidemiologic study in our country, reflects epidemiology 
and long-term outcome of this rare disease, very similar to published data. Further prospective 
epidemiologic studies are needed to better define the epidemiology of CTEPH.
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IS SUBDURAL HAEMORRHAGE AFTER PULMONARY ENDARTERECTOMY UNDER-ESTIMATED?
Chia Alicia Xue Fen*[1], Yap Jonathan[1], Ruan Wen[1], Loh Kenny Wei--Tsen[2], Cheah Foong Koon[2], Ang Ai Leen[2], Phua Ghee Chee[2], Sewa Duu Wen[2], Tan Ju Le[1], Jenkins David[3], Chao Victor Tar 
Toong[1], Lim Soo Teik[1]

[1]National Heart Centre Singapore ~ Singapore ~ Singapore, [2]Singapore General Hospital ~ Singapore ~ Singapore, [3]Papworth Hospital ~ Cambridge ~ United Kingdom

The combination of anticoagulation therapy, deep hypothermic circulatory arrest(DHCA), 
intracranial fluid shifts and perfusion changes may increase the risk of subdural 
haemorrhage(SDH)in chronic thromboembolic pulmonary hypertension(CTEPH) patients 
undergoing pulmonary endarterectomy(PEA).  The incidence of ICH has not been well studied. 
To describe the incidence and management of patients with SDH post-PEA.
This is a case series of CTEPH patients who underwent PEA between Nov 16 to Aug 17 at a 
tertiary pulmonary hypertension centre. All patients were managed perioperatively as per 
published protocols. Patients who had neurological signs and symptoms underwent a non-
contrasted CT brain.  For the later half of the series, the protocol was changed to scan all 
asymptomatic patients post-PEA in view of the higher incidence of SDH. 
10 patients underwent PEA(8 females, mean age 56.7 years (range 45-64 years), mean PAP 
48.5mmHg (range 37-67mmHg). Procedural success was 100% with no in-hospital mortality. 
Cardiopulmonary, cross clamp and DHCA times were 305±44 mins, 84±29 mins and 46±15 
mins respectively. Of the 10 patients, 7 had CT brain scan post-procedure (4 symptomatic, 3 
asymptomatic). The remaining 3 patients were not scanned as they were part of the earlier 
cohort.  The incidence of SDH was 60% (4 symptomatic, 2 asymptomatic). No patient had 
anticoagulation levels beyond that directed by guidelines. One symptomatic patient required 
a frontal burr hole and suboccipital craniectomy for evacuation of SDH on postoperative day 4. 
The remainder were managed conservatively with reversal of anticoagulation. See Table 1.
In our series of CTEPH patients post-PEA, a high incidence of SDH was encountered. PEA 
practitioners may wish to consider a high index of suspicion for ICH in these patients. Further 
research is required to understand the mechanism of this pertinent complication, identify 
preventive measures and elucidate the clinical significance of asymptomatic small SDH.
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ABSENCE OF THE FACTOR V LEIDEN MUTATION AND GENETIC RISK FOR CHRONIC THROMBOEMBOLIC PULMONARY 
HYPERTENSION
Dodson Mark*[2], Sumner Kelli[1], Sanders Jadyn[1], Brown Lynette[2], Stevens Scott[2], Woller Scott[2], Best Hunter[1], Elliott Gregory[2]

[1]ARUP Institute for Clinical and Experimental Pathology, ARUP Laboratories ~ Salt Lake City, UT ~ United States of America, [2]Department of Medicine, Intermountain Medical Center ~ Murray, UT ~ United States of America

Chronic thromboembolic pulmonary hypertension (CTEPH) is the most serious consequence 
of unresolved venous thromboembolism (VTE). Little is known about how genetic factors 
influence risk for CTEPH, although common inherited thrombophilias including the Factor V 
Leiden mutation (FVL) occur with the same frequency in patients with CTEPH as in the general 
population. This is surprising given that pulmonary embolism (PE) not associated with an 
environmental risk factor for VTE (i.e. unprovoked PE) is a major risk factor for CTEPH, and 
relative to provoked PE, unprovoked PE is significantly more likely to be associated with FVL. 
To address this apparent paradox. 
We systematically analyzed family history of VTE and FVL status in all available CTEPH patients 
at our institution (n=56) and in a cohort of patients with uncomplicated VTE (n=93) matched 
to the CTEPH cohort for age at VTE diagnosis and presence/absence of an environmental risk 
factor for VTE. 

While FVL was indeed less frequent in CTEPH patients than in matched controls (CTEPH: 
10.7% vs VTE: 24.7%, p=0.04), CTEPH patients were just as likely as controls to have at least 
one first degree relative with VTE (CTEPH: 51.8% vs VTE: 40.9%, p=0.2), and were significantly 
more likely to have two or more first degree relatives with VTE (CTEPH: 28.6% vs VTE: 10.8%, 
p=0.006). We also report the first systematic analysis of the frequency of familial CTEPH, which 
we identified in 5.4% of patients in our CTEPH cohort. 
CTEPH patients are significantly less likely to carry FVL, but significantly more likely to have 
a strong family history of VTE. This suggests the presence of distinct and as-yet unidentified 
genetic variants in CTEPH patients that contribute to VTE risk, and may specifically predispose 
to non-resolving VTE events. The frequency of familial CTEPH is strikingly similar to the 
frequency of familial pulmonary arterial hypertension, a condition with well-defined genetic risk 
factors.
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EFFECT OF BALLOON PULMONARY ANGIOPLASTY ON RIGHT VENTRICULAR AFTERLOAD IN CHRONIC 
THROMBOEMBOLIC PULMONARY HYPERTENSION
Gerges Christian*[1], Gerges Mario[1], Skoro--Sajer Nika[1], Sadushi--Kolici Roela[1], Moser Bernhard[2], Taghavi Shahrokh[2], Klepetko Walter[2], Matsubara Hiromi[3], Lang Irene[1]

[1]Department of Internal Medicine II, Division of Cardiology, Medical University of Vienna, General Hospital ~ Vienna ~ Austria, [2]Department of Surgery, Division of Thoracic Surgery, Medical University of Vienna, Vienna General 
Hospital ~ Vienna ~ Austria, [3]Department of Cardiology, Okayama Medical Center ~ Okayama ~ Japan

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.
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.
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).
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.
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VENTILATION/PERFUSION SCINTIGRAPHY FOR THE DIAGNOSIS OF CTEPH AFTER SPLENECTOMY
Gerges Mario*[4], Gerges Christian[4], Georgios Karanikas[1], Birkfellner Wolfgang[2], Weinberg Isolde Maria[2], Schwarzinger Ilse[3], Publig Max[3], Skoro--Sajer Nika[4], Frey Maria[4], Schaffarich Michael[2], 
Jakowitsch Johannes[4], Lechner Klaus[5], Moser Bernhard[6], Sharokh Taghavi[6], Klepteko Walter[6], Hacker Marcus[1], Lang Irene Marthe[4]

[1]Department of Biomedical Imaging and Image-guided Therapy, Division of Nuclear Medicine, General Hospital Vienna (AKH-Wien), Medical University of Vienna ~ Vienna ~ Austria, [2]Center for Medical Physics and Biomedical 
Engineering, Vienna General Hospital Vienna (AKH-Wien), Medical University of Vienna ~ Vienna ~ Austria, [3]Department of Laboratory Medicine, Division of Medical-Chemical Laboratory Diagnostics, General Hospital Vienna 
(AKH-Wien), Medical University of Vienna ~ Vienna ~ Austria, [4]Department of Internal Medicine II, Division of Cardiology, General Hospital Vienna (AKH-Wien), Medical University of Vienna ~ Vienna ~ Austria, [5]Department of 
Internal Medicine I, Division of Haematology, General Hospital Vienna (AKH-Wien), Medical University of Vienna ~ Vienna ~ Austria, [6]Department of Surgery, Division of Thoracic Surgery, General Hospital Vienna (AKH-Wien), 
Medical University of Vienna ~ Vienna ~ Austria

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 (V/Q) lung scan is a safe and highly sensitive test detecting 
pulmonary thromboembolic disease. We sought to assess diagnostic value of V/Q scan in 
splenectomized CTEPH patients.
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 current guidelines definition.
The median time between splenectomy and V/Q scan was 14.9 years (range 3.8 – 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%). In total, in 7 cases 
(70%) CTEPH was ruled out and in 3 cases (30%) CTEPH was possible.  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.
V/Q scans may be negative or a low probability scans in CTEPH patients with a history of 
splenectomy.
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EXPERIENCE OF ONE YEAR OF BALLOON PULMONARY ANGIOPLASTY IN A SINGLE CENTER: SAFETY AND SHORT TERM 
RESULTS
Gotti Enrico*, Palazzini Massimiliano, Rinaldi Andrea, Dardi Fabio, Monti Enrico, Albini Alessandra, Zuffa Elisa, Guarino Daniele, Pasca Filippo, Tanese Nikita, Rotunno Mariangela, Colangelo Antonio, 
Manes Alessandra, Galiè Nazzareno
University of Bologna, Department of Specialized Diagnostic and Experimental Medicine – DIMES - Bologna/IT ~ Bologna ~ Italy

Balloon pulmonary angioplasty (BPA) has recently been developed as an alternative and less-
invasive treatment strategy for chronic thromboembolic pulmonary hypertension (CTEPH) but 
therapeutic efficacy and technical safety of the technique have to be established.
The aim of this study is to examine the effects of BPA on patients with inoperable disease or 
residual pulmonary hypertension (PH) after pulmonary endarterectomy (PEA).
From June 2015 to May 2017 we prospectively enrolled symptomatic (WHO-FC ≥II) inoperable 
CTEPH patients and patients with residual PH after PEA referred to our Hospital. At baseline 
and after 3 months after last BPA session all patients underwent clinical evaluation, six-minute 
walking distance (6MWD) and right heart catheterization. Data are presented as median 
(interquartile range). For comparisons the non-parametric repeated measure Friedman test 
was used with a Bonferroni post-hoc pairwise analysis. Safety was assessed by episodes of 
haemoptysis with clinical impairment, dissection of the pulmonary arteries and perioperative 
death.
Twenty-three patients [male 57%, median age 60 (47-73) years, 19 inoperable and 4 with 
residual PH after PEA] were treated for a total of 53 sessions (median number of sessions 
for each patient: 2); during each session we treated 2 (1.5-2.5) vessels. 22 patients were 
treated with medical therapy before BPA (10 with combination therapy). One pulmonary 
artery dissection and 2 haemoptysis with clinical impairment were documented during these 
procedures. Results are shown in the table.
BPA is a safe and effective treatment able to improve symptoms and hemodynamic profile in 
inoperable CTEPH patients and in patients with residual PH after PEA.
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EXERCISE RIGHT HEART CATHETERIZATION IN PATIENTS WITH CHRONIC THROMBOEMBOLIC DISEASE – THERE IS A NEED 
FOR DEFINITION OF EXERCISE PULMONARY HYPERTENSION
Guth Stefan*[1], Wiedenroth Christoph[1], Andreas Rieth[1], Liebetrau Christoph[1], Richter Manuel[2], Ghofrani Hossein Ardeschir[1], Mayer Eckhard[1]

[1]Kerckhoff-Clinic ~ Bad Nauheim ~ Germany, [2]University Clinic Giessen ~ Giessen ~ Germany

Exertional dyspnea is a symptom of patients with chronic thromboembolic disease (CTED) who 
have by definition no pulmonary hypertension (mean pulmonary artery pressure (mPAP) at rest 
< 25 mmHg). Currently, there is no definition of exercise-induced pulmonary hypertension.
Studies in healthy volunteers showed that the slope of mPAP–flow relationships (slope) 
ranges from 0.5 to 3 mmHg·min·L-1. We examined the improvements in exercise right heart 
catheterization (RHC) before and after pulmonary endarterectomy (PEA) having regard on the 
mPAP-flow relationship.
From January 2010 to December 2016 770 patients (mean age 60.0±15.0 years, female 340, 
male 430) underwent PEA surgery in our department. In 12 patients (mean age 42.5±17.1 
years) out of 36 with CTED we performed exercise RHC preoperatively and 1 year after PEA. In 
all these examination patients cycled in supine position during RHC and from the data at rest 
and during exercise of cardiac output (CO) and mPAP the slopes were calculated.
Overall in-hospital mortality was 4.4 % (34 / 770 patients). MPAP at rest and during exercise (ex) 
before PEA were 20.2±2.6 mmHg and 38.8±7.9 mmHg. One year after PEA the mPAP at rest 
decreased to 17.4±3.2 mmHg (p=0.0078) and for exercise to 30.9±6.3 (p=0.016). CO values 
showed no significant differences (COrest 5.6±1.0 and 5.6±0.7 mmHg; COex 10.9±1.8 and 
11.6±3.0 mmHg). The mean values of the slopes showed a significant reduction from 3.6±1.0 to 
2.3±0.8 mmHg·min·L-1 (p=0.0024). These improvements were accompanied by improvements 
in quality of life and relief of exertional dyspnea.
Patients with CTED show significant improvement in mPAP at rest and during exercise and 
especially of mPAP-flow relationship one year after pulmonary endarterectomy. Interestingly, 
the mean slope decreases to 2.3 mmHg·min·L-1 which is lower than the upper limit of normal of 
3.0 mmHg·min·L-1. 
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END-STAGE CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION: UNIQUE MOLECULAR AND 
HISTOPATHOLOGICAL IMPRINT
Iloska Dijana*[1], Wilhelm Jochen[2], Guth Stefan[3], Savai Rajkumar[1], Schermuly Ralph[2], Fink Ludger[2], Seeger Werner[1], Mayer Eckhard[3], Pullamsetti  Savai Soni[1]
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Germany

Chronic thromboembolic pulmonary hypertension (CTEPH) as a multifactorial disease, ultimate 
to death, if unrecognized and untreated.
The aim of the project is to identify and compare the transcriptional regulatory landscapes and 
histological imprints within ongoing and end-stage CTEPH and furthermore with idiopathic PH 
(IPAH).
Vascular remodeling quantification and laser capture microdissection of vessels was performed 
on ex-vivo end-stage CTEPH, IPAH and donor lung tissues, followed by microarray screening. In 
addition, molecular and histological profiling was carried out on biopsies from ongoing CTEPH. 
vWf and Ulex europaeus agglutinin I immunoreactivity were accustomed to evaluate the total 
vessel density. A comparable analysis was implemented on proximal and distal pulmonary 
endarterectomy (PEA) material.
Morphometric analysis confirmed Gaussian distribution of individual densities of medial 

hypertrophy measurements, enhanced vascularization and prominent collagen deposition 
in end-stage CTEPH rather than ongoing CTEPH and IPAH. Bioinformatics analysis of the 
microarray data revealed differently and commonly regulated genes and gene networks in 
end-stage CTEPH compared to IPAH. Our in vitro studies, verified that two of the differently 
regulated genes in CTEPH, CHI3L1 (Chitinase 3-Like-1) and ATX (Autotaxin) promote 
neovascularization and migration of vascular cells. In distal PEA tissues, elevated insoluble 
collagen and angiogenic markers were noted as compared to proximal tissues. Importantly, 
microarray analysis suggests deregulation of several important transcription factor networks in 
the distal tissue, suggesting their contribution to neovascularization and collagen synthesis. 
These studies highlight the histopathological and molecular differences within end-stage 
and ongoing CTEPH and in comparison to IPAH. Further studies will provide insights into the 
molecular mechanisms and can possibly contribute to identify novel therapeutic targets.  
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USEFULNESS OF PERCUTANEOUS TRANSLUMINAL PULMONARY ANGIOPLASTY FOR CHRONIC PULMONARY 
THROMBOEMBOLIC DISEASE
Inami Takumi*[1], Kataoka Masaharu[2], Shigeta Yohei[1], Takeuchi Kaori[1], Kikuchi Hanako[1], Goda Ayumi[1], Ishiguro Haruhisa[1], Yoshino Hideaki[1], Satoh Toru[1]
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Percutaneous transluminal pulmonary angioplasty (PTPA) in expert center may be considered 
in patients with chronic thromboembolic pulmonary hypertension (CTEPH) who are technically 
non-operable for pulmonary endarterectomy. Recent guidelines do not formally address 
chronic thromboembolic disease (CTED) patients without pulmonary hypertension. No one has 
ever reported on efficacy of PTPA for CTED patients.
The purpose of this study was to investigate the effectiveness of PTPA for CTED on pulmonary 
hemodynamics, oxygenation and exercise capacity.
Patients with dyspnea on effort of more than NYHA Ⅱ, less than 25mmHg of mean pulmonary 
artery pressure (PAP), organized thrombi in pulmonary angiography and segmental multiple 
defects in VQ scan were defined as CTED. This study retrospectively included 24 patients 
with CTED who underwent PTPA by February 2017. Hemodynamic parameters such as PAP, 
pulmonary vascular resistance (PVR), pO2, and 6-minute-walk distance(6MWD) were compared 

between before and after PTPA. 

The median age, the number of PTPA sessions performed per person and dilated vessels 
per person were 63[54-73] years old, 2[2-3] and 12[9-15] respectively. PTPA did not cause 
complications such as reperfusion pulmonary edema and pulmonary arterial injuries in all 
patients. Hemodynamic parameters such as PAP and PVR significantly improved after PTPA as 
compared with the baseline (PAP: 21[20-22] to 17[14-21] mmHg, P<0.001; PVR: 2.8[1.9-3.1] to 
1.5[1.2–1.9], P<0.0001). Oxygenation and 6MWD were improved after PTPA (pO2 :69.6[66.7–
79.5] to 75.8[65.7–92.1] mmHg, P<0.01; 6MWD: 377[333-430] to 403[365-444]m, P<0.01). 
Usage rates of ambulatory oxygen therapy (AOT) and PH-targeted drugs were reduced 
significantly after PTPA (75 to 13%, P<0.0001; 77 to 13%, P<0.0001, respectively).
PTPA can safely improve patients with CTED through oxygenation amelioration.
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THE RELATIONSHIP BETWEEN THE DIAMETER OF BRONCHIAL ARTERIES AND THE RISK OF PULMONARY EDEMA OR 
AIRWAY BLEEDING FOR PULMONARY ENDARTERECTOMY
Jujo Takayuki*, Nobuhiro Tanabe, Seiichiro Sakao, Naito Akira, Rika Suda, Hajime Kasai, Rintaro Nishimura, Toshihiko Sugiura, Keiichi Ishida, Koichiro Tatsumi
Graduated School of Medicine, Chiba University ~ Chiba ~ Japan

Chronic thromboembolic pulmonary hypertension (CTEPH) is a subtype of pulmonary 
hypertension. Pulmonary endarterectomy (PEA) is a surgery for removing chronic thrombi 
from pulmonary arteries and is an essential treatment option for CTEPH patients. Reperfusion 
pulmonary edema (RPE) and airway bleeding are complications of PEA and could be causes of 
perioperative death. It was considered that the dilatation of bronchial arteries (BAs) might be 
related with those complications. However, the relationship has not been investigated. 
The purpose of this study is to evaluate the relationship between the dilatation of BAs and 
bleeding events at perioperative periods in operable CTEPH patients.
Sixty-six patients underwent PEA at Chiba University Hospital from December 2011 to 2017. 
We retrospectively reviewed their clinical records. Enhanced CT scan images at preoperative 
periods were interpreted and diameters of right and left BAs were evaluated based on the 

methods described at our previous report (Shimizu H. 2008, Circ J). The diameters of BAs were 
measured in the origin of BAs and the cross-sectional area were calculated. The total area of the 
BAs (TABAs) in each patient were defined as a sum of the cross-sectional area. 
Sixty-six patients underwent PEA at Chiba University Hospital from December 2011 to 2017. 
We retrospectively reviewed their clinical records. Enhanced CT scan images at preoperative 
periods were interpreted and diameters of right and left BAs were evaluated based on the 
methods described at our previous report (Shimizu H. 2008, Circ J). The diameters of BAs were 
measured in the origin of BAs and the cross-sectional area were calculated. The total area of the 
BAs (TABAs) in each patient were defined as a sum of the cross-sectional area. 
TABAs was not a major predicting factor for RPE and massive airway bleeding during PEA. 
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HOW DIFFERENT IS CENTRAL VERSUS PERIPHERAL CTEPH?
Kaldararova Monika*[1], Bohacekova Marcela[1], Pacak Jozef[1], Valkovicova Tatiana[1], Remkova Anna[2], Jansa Pavel[3], Lindner Jaroslav[4], Simkova Iveta[1]
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Chronic thromboembolic pulmonary hypertension (CTEPH) is a chronic progressive disease 
due to persistent segmental obstruction of pulmonary artery bed combined with distal small 
vessel remodeling. Lesions location is important for surgical or interventional indication (central 
form) or medical treatment (peripheral form or residual postoperative CTEPH). However, other 
than morphological differences are rarely described.
Aim of the study was to compare central and peripheral form of CTEPH.
Analyzed were 81 patients (51 male/30 female) with confirmed CTEPH. According to lesion 
location were divided into CENTRAL (51 patients; 63%) versus (vs.) PERIPHERAL type (30 
patients; 37%). Compared were clinical, functional, echocardiographic and hemodynamic 
parameters, as well as the presence of risk factors.
Significant difference in CENTRAL vs. PERIPHERAL form was determined in gender (male 72.5% 
vs. 46.7%; P=0.0198). No difference was found in age, functional status, or echocardiographic 

data. Invasive hemodynamic parameters showed significant difference in mean pulmonary 
arterial pressure (46 vs. 58 mmHg; P=0.0002), transpulmonary gradient (34 vs. 47 mmHg; 
P=0.0005) and cardiac index (2.04 vs. 2.5 L.min.m2; P=0.02) but not in pulmonary vascular 
resistance. Risk factors showed significant difference between groups only in previous acute 
pulmonary embolism (93.8% vs. 60%; P=0.0002) and malignancy (2% vs. 13.3%; P=0.0426).
In our study CENTRAL vs. PERIPHERAL CTEPH showed not only anatomic but also 
hemodynamic differences. This may indicate that the PERIPHERAL form in contrast to CENTRAL 
form develops over a longer time-period and so enables compensatory mechanisms to 
preserve better cardiac output, even despite the presence of more severe pulmonary 
hypertension. Above that, some risk factors may also play an important role not only in CTEPH 
development but also in the localization of CTEPH lesions.
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CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION IN FIRSTLY DIAGNOSED PULMONARY EMBOLISM: 
INCIDENCE, PREDICTORS, AND PROGNOSTIC IMPLICATIONS
Kim Kye Hun*, Park Hyukjin, Cho Jae Yeong, Yoon Hyun Ju, Park Jong Chun
Chonnam National University Hospital ~ Gwangju ~ Korea, Republic of

The incidence and predictors of Chronic Thromboembolic Pulmonary Hypertension (CTEPH)
has been poorly studied in Korean patients with firstly diagnosed pulmonary embolism (PE).
To investigate the incidence and predictors of CTEPH in Korean patients with firstly diagnosed 
PE.
772 consecutive patients with PE were divided into CTEPH group (n=16, 12 males) and no 
CTEPH group (n=756, 297 males). CTEPH was defined as the persistence of PH with right 
ventricular (RV) dysfunction on follow up echocardiography which was performed more lately 
than 6 months from the index PE.
CTEPH was diagnosed in 16 patients (2.1%). Male (75% vs 39.3%, p=0.004) and prior deep vein 
thrombosis (50% vs 13.1%, p<0.001) were significantly higher in CTEPH than in no CTEPH. NT-
proBNP(6224.6±4484.9 vs 2727.7±2980.1 pg/mL, p<0.001) and hemoglobin levels (15.3±3.1 
vs 12.9±2.2 g/dL, p<0.001) were significantly higher, whereas O2 saturation after oxygen 

supply was significantly lower (92.3±4.2 vs 96.5±4.5%, p=0.006) in CTEPH than in no CTEPH. 
On electrocardiography, RV hypertrophy was noted only in CTEPH group (75% vs 0%, p<0.001), 
and T-wave inversion in V1-3 (100% VS 38.0%, P<0.001) and ST depression in V1-2 (37.5% vs 
6.3%, p<0.001) was significantly higher in CTEPH than no CTEPH. Systolic pulmonary artery 
pressure (81.7±16.9 vs 50.6±12.1 mmHg, p<0.001) and severe PH (93.8% vs 7.1%, p<0.001) 
were significantly higher in CTEPH than no CTEPH. Death was significantly higher in CTEPH 
than in no CTEPH (43.8% vs 0.8%, p<0.001).
CTEPH was not frequent after an index PE, but the prognosis of PE was very poor. Suggestive 
findings of CTEPH including RV hypertrophy and severe PH were already existed at the time 
of index PE. Considering the poor prognosis of CTEPH, the early diagnosis and prompt 
management would be essential. Therefore, CTEPH should be closely monitored in patients 
with firstly diagnosed PE, especially in patients with suggestive findings of CTEPH.
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FEASIBILITY AND SAFETY OF SHORTENING HOSPITAL STAY IN PATIENTS WITH CHRONIC THROMBOEMBOLIC 
PULMONARY HYPERTENSION TREATED WITH BALLOON PULMONARY ANGIOPLASTY
Kimura Mai*, Kohno Takashi, Kawakami Takashi, Kataoka Masaharu, Tsugu Toshimitsu, Isobe Sarasa, Yuasa Shinsuke, Itabashi Yuji, Murata Mitsushige, Fukuda Keiichi
Department of Cardiology, Keio University School of Medicine ~ Tokyo ~ Japan

There is currently no consensus on the length of hospital satay (LOHS) for balloon pulmonary 
angioplasty (BPA) in chronic thromboembolic pulmonary hypertension (CTEPH) patients. 
We aimed to examine the safety and feasibility of shortening LOHS for BPA.
From November 2012 to March 2017, a total of 115 consecutive CTEPH patients who 
underwent BPA in a single university hospital were enrolled (age; 62.9±14.0 years, male; n=38, 
WHO functional class [WHO-FC] II/III/IV; 25/82/8).
Mean pulmonary arterial pressure decreased from 37.5±10.3 to 19.8±4.6 mmHg after BPA 
(<0.01). The mean LOHS per all sessions and per session were 45.3±19.1 days and 7.1±1.7 
days/session. The median number of BPA sessions during one hospitalization was two. Patients 
were divided into two groups: short- (<7days/session, n=66) and long-LOHS groups (≥7days/
session, n=49) (Figure). During the observation period, there was a temporal trend towards 
reduction in the proportion of long-LOHS group (early 80%, middle 34%, and late periods 13%, 
<0.05) as well as reduction in length of intensive care unit stay (6.3±2.5, 5.2±6.3, 1.2±1.3 days/
all sessions, <0.05). Multivariable regression analysis demonstrated that baseline WHO-FC 
IV and early period of procedure were associated with long-LOHS. There were no significant 
differences in age, baseline hemodynamics, and laboratory data (creatinine, brain natriuretic 
peptide, and high-sensitivity troponin-T) between the groups. The trend towards reduction 
in LOHS coincided with unchanged incidence of reperfusion pulmonary injury and contrast 
induced nephropathy as well as no cardiovascular death and heart failure hospitalization after 
discharge.
Increasing experience in BPA was associated with a reduction of its LOHS, which is feasible 
and does not seem to jeopardize the safety of the procedure, when performed in a subset of 
patients selected such as those without WHO-FC IV. The strategy to shorten LOHS furthermore 
might be needed as a future direction.
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EVALUATION OF HEMODYNAMIC RESPONSES TO EXERCISE IN PATIENTS WITH CTEPH AFTER BALLOON PULMONARY 
ANGIOPLASTY
Koichiro Sugimura*, Tatsuo Aoki, Shunsuke Tatebe, Saori Yamamoto, Nobuhiro Yaoita, Haruka Sato, Katsuya Kozu, Ryo Konno, Hiroaki Shimokawa
Department of Cardiovascular Medicine, Tohoku University Graduate School of Medicine ~ Sendai ~ Japan

Chronic thromboembolic pulmonary hypertension (CTEPH) is caused by unresolved 
thromboemboli in the pulmonary arteries. Balloon pulmonary angioplasty (BPA) ameliorates 
hemodynamics in patients with inoperable CTEPH at rest without any vasodilators.
We examined whether BPA also ameliorates hemodynamic responses to exercise in CTEPH 
patients.
 From September 2015 to March 2017, we prospectively examined 18 patients with CTEPH 
(66±8 [SD] yrs., M/F 2/16) who showed hemodynamic improvement of mean pulmonary 
arterial pressure (mPAP)<30mmHg after BPA without any vasodilators.  We performed 
hemodynamic evaluation and expired gas analysis both at rest and during exercise in supine 
position using cycle ergometer.  Exercise protocol consisted of 1 min of unloaded cycling 
followed by graded 10-watt increments in workload at 1-min interval until self-reported 
exhaustion (peak workload). 
Average peak workload was 40±11 watts.  In all patients, mPAP, pulmonary arterial wedge 
pressure (PAWP), cardiac output (CO), and pulmonary vascular resistance (PVR) were 
significantly increased at peak workload.  When the slope of linearized mPAP-CO relationship 
was obtained in each patient, the median value was 9.1 (6.8, 16.3) mmHg/L/min.  The slope 
was significantly steeper in the patients with higher PVR at rest (>3WU) than in those with lower 
resting PVR [14.7 (9.4, 89.8) vs. 7.2 (2.6, 9.1) mmHg/L/min, N=9 each, P<0.01].  Furthermore, 
CO response to exercise was also significantly lower in patients with higher resting PVR than in 
those with lower resting PVR (CO at peak workload, 4.8±1.0 vs. 7.4±1.2 L/min, P<0.01). 
These results indicate that residual pulmonary arterial lesions after BPA causes sharp increase in 
PVR in response to exercise in CTEPH patients, suggesting that the final goal of BPA should be 
set to achieve hemodynamic normalization in response to exercise but not at rest.
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CHANGES IN VESSEL DIAMETER AND LOCAL ELASTIC PROPERTIES OF PULMONARY ARTERIES AFTER BALLOON 
PULMONARY ANGIOPLASTY.
Magon Wojciech*, Stepniewski Jakub, Waligóra Marcin, Jonas Kamil, Podolec Piotr, Kopec Grzegorz
Department of Cardiac and Vascular Diseases, Jagiellonian University Medical College at John Paul II Hospital ~ Krakow ~ Poland

Balloon pulmonary angioplasty (BPA) is a treatment method for inoperable chronic 
thromboembolic pulmonary hypertension and is effective in improving pulmonary 
hemodynamics but its effect on vessel remodeling has not been analyzed.
We aimed to assess changes in vessel diameter and local elastic properties of pulmonary 
arteries subjected to BPA.
We enrolled consecutive patients treated with BPA. Intravascular ultrasound (IVUS) was used to 
determine vessel diameter and to assess local elastic properties - distensibility coefficient (DC) 
and compliance coefficient (CC). Measurements were done before BPA, immediately after BPA 
(immediate exam) and in selected cases on the subsequent BPA session (follow-up exam).
We recruited 17 patients who underwent a total of 103 BPA sessions (6 [5-8]/patient) and 541 
angioplasties (32 [22-39] / patient). IVUS measurements were possible in 110 (20%) lesions 

before (diameter: 16.5 [11.0;27.7] mm) and immediately after BPA. Additional 10 lesions (2%) 
were assessed on the subsequent BPA session performed after 5 [2;13] weeks. Vessel diameter 
increased on immediate exam (change of 0.7 [-0.9;2.5] mm; p=0.004) and further increase 
was observed on the follow-up exam: (change of 4.5 [2.6;18.2] mm; p=0.01 from baseline 
and change of 4.1 [3.9;15.2] mm; p=0.01 from immediate exam). There was no change in DC 
and CC on immediate exam (0 [-0.13;0.14] %/mmHg; p=0.76 and 0 [-0.03;0.02] cm2/mmHg; 
p=0.86, respectively) and on follow-up exam: (0.04 [-0.29;0.16] %/mmHg; p=0.78 and 0.02 
[-0.02;0.03] cm2/mmHg; p=0.56, respectively).
Diameter of pulmonary artery subjected to BPA increases immediately after BPA and increases 
further over time. There is no immediate and long-term change in local elastic properties of 
pulmonary artery subjected to BPA.
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3D PRINTING IN PATIENTS WITH PULMONARY HYPERTENSION 
Manginas Athanassios*[1], Bobas Georgios[2]

[1]Mediterraneo Hospital ~ Athens ~ Greece, [2]Univ. of Dundee ~ Dundee ~ United Kingdom

Three-dimensional (3D) printing is a novel technique used to transform digital objects into 
physical models. 3D printing can now be applied to Pulmonary Hypertension patients and 
more specifically to thromboembolic disease (CTEPH) patients, as it is able to create the 
vascular tree of the lungs in real dimensions. 
This can give useful information to cardiologists on how they may eventually plan a possible 
intervention or operation (balloon angioplasty or endarterectomy). Issues like, stent sizing, 
final apposition and path of intervention, can be uniquely simulated in these 3D models. This 
increases safety, decreases time of intervention and enhance patients’ communication in 
preparation for intervention. Our aim was to show preliminary results of 3D printing in CTEPH 
patients.  
Computed Tomography (CT) data were collected from three different individuals (A: one 
normal volunteer, B: one patient with CTEPH and C: one patient with congenital pulmonary 
stenosis). CT images were used from ITK-snap (Verified medical viewer) software. Procedure 
included segmentation which is the process of extracting the identified information from the CT 
images. Following segmentation, mechanical manipulation of the 3D arterial tree structure was 
utilised with Meshmixer (Mechanical software). The printing material used was white polymer 
resign in stable (2 specimens) and flexible form (1 specimen). The apparatus used was Formlabs 
(three-dimensional printer made in USA) under controlled temperature (18o-28oc) and non-
Ultraviolent environment. 

Fine visualisation of the arterial tree in real 3D dimensions was achieved. Specimens quality 
was highly depended on CT quality. Localised focus on segmentation leaded to more accurate 
results and lowered cost as well as 3D building time. 

3D printing technology is a promising tool that can provide valuable information to 
cardiologists in the pre-interventional stage, when planning the treatment.  
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DRUG-DRUG INTERACTION EVALUATION BETWEEN DIRECT ORAL ANTICOAGULANTS AND PHOSPHODIESTERASE-5 
INHIBITORS: A POTENTIAL RISK FOR PULMONARY HYPERTENSION PATIENTS?
Margelidon--Cozzolino Victor*[1], Hodin Sophie[2], Delavenne Xavier[2], Bertoletti Laurent[3]

[1]INSERM U1059, laboratoire SAINBIOSE ~ Saint-Priest-en-Jarez ~ France, [2]Faculté de Médecine de Saint-Etienne ~ Saint-Etienne ~ France, [3]Centre Hospitalier Universitaire de Saint-Etienne ~ Saint-Priest-en-Jarez ~ France

Because of their simplicity of use and lower bleeding risk, direct oral anticoagulants (DOACs) 
could be an interesting alternative to vitamin K antagonists (VKAs) in pulmonary hypertension 
(PH) patients. DOACs risk/benefit ratio depends on the control of bioaccumulation factors, and 
particularly drug-drug interactions (DDIs). Phosphodiesterase-5 inhibitors (PDE5Is) have been 
shown to be strong inhibitors of P-glycoprotein (P-gp), a key transporter involved in DOAC 
disposition. 
The aim of this study was to evaluate potential in vitro DDIs between DOACs and PDE5Is.
An in vitro model of drug transport using MDCK-MDR1 cell line (canin cell line transfected 
with human P-gp gene) was used to perform bidirectional permeability assays of rivaroxaban 
and apixaban in presence of increasing concentrations (0-100 µM) of three PDE5Is: sildenafil, 

tadalafil and vardenafil. Permeability and efflux ratio were calculated using drug concentrations 
measured by tandem mass spectrometry. 
Presence of sildenafil, tadalafil and vardenafil reduced the efflux of rivaroxaban by 99 %, 66 %, 
and 100 %, respectively and apixaban by 97 %, 75 % and 100%, respectively. Vardenafil was the 
most potent inhibitor of rivaroxaban and apixaban efflux (IC50 5 µM and 3 µM, respectively). 
IC50 were lower with sildenafil (8 µM and 23 µM, respectively) and tadalafil (28 µM and 15 µM, 
respectively). 
Sildenafil, tadalafil and vardenafil are significant inhibitors of P-gp-mediated efflux transport of 
rivaroxaban and apixaban. In vivo studies are needed to confirm clinical relevance of these in 
vitro DDIs.
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PULMONARY ENDARTERECTOMY: BOLOGNA UNIVERSITY EXPERIENCE
Martin--Suarez Sofia*[1], Gliozzi Gregorio[1], Galiè Nazzareno[2], Pacini Davide[1]

[1]Cardiac Surgery Dept. S.Orsola Hospital ~ Bologna ~ Italy, [2]Dept. of Experimental, Diagnostic and Specialty Medicine-DIMES, Bologna University ~ Bologna ~ Italy

Chronic thromboembolic pulmonary Hypertension (CTEPH) is a “dual compartment vascular 
disease” in which fibrotic organization of thromboemboli is a trigger for microvasculature 
remodeling in non-obstructed segments. Pulmonary endarterectomy (PEA) offers better clinical 
improvement and survival than medical/interventional therapy.  
We report our single center results of PEA in a heterogeneous CTEPH cohort; we try to identify 
higher risk profiles.
We retrospectively examined clinical and hemodynamic results of 144 PEA patients performed 
from 2004 to 2017. We identified four patient’s categories depending on the preoperative 
hemodynamics: <400 (Group I), 400-800 (Group II), 800-1200 (Group III), >1200 dynes (Group 
IV). Postoperative mortality, complications, need of ECMO and hemodynamic outcome are 
reported.
During our learning curve, postoperative mortality decreased progressively from 17.5%, in the 

first 97 patients, to 4.2%, in the 47 cases performed in the last 5 years. In the last period the 
amount of referred patients has decreased, due to the rise of balloon pulmonary angioplasty 
(BPA). Focusing on the hemodynamic categories, mortality was 0%, 3.7%, 7.1 %, 0% for group 
I, II, III and IV respectively in the last period. PVR is the strongest predictor of mortality. Other 
predictors are low cardiac output, restrictive lung disease, and lesion anatomy.  All patients 
have a hemodynamic improvement, but those with higher preoperative PVR (> 800) still need 
pulmonary vasodilators.
Our 13 years’ experience of PEA in CTEPH are similar to expert centers, reaching the first criteria 
to be considered a high quality center, that is a mortality lower than 5%. Selection of patients 
and a multidisciplinary approach are crucial to obtain good results and require a skilled PH 
team. Still, PEA remains the curative treatment for selected patients with CTEPH.
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MULTI-STEP THERAPY WITH RIOCIGUAT, BALLOON PULMONARY ANGIOPLASTY, AND CARDIAC REHABILITATION FOR 
INOPERABLE CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION
Ogo Takeshi*, Fukui Shigefumi, Goto Yoichi, Konagai Nao, Asano Ryotaro, Ueda Jin, Tsuji Akihiro, Morita Yoshiaki, Nakanishi Michio, Fukuda Keiichi, Yasuda Satoshi, Nakanishi Michio
National Cerebral and Cardiovascular Centre ~ Osaka ~ Japan

We have recently shown that balloon pulmonary angioplasty (BPA) safely improves pulmonary 
haemodynamics, exercise capacity, and right ventricular (RV) function in patients with 
inoperable chronic thromboembolic pulmonary hypertension (CTEPH). However, exercise 
intolerance and symptoms on effort persist even after a series of BPA, despite remarkably 
restored resting haemodynamics, that would be hard to restore with BPA alone.
We tested multi-step therapy of riociguat as a pre-treatment, a series of BPA, and 
cardiac rehabilitation (CR) as a post-treatment by the multidisciplinary CTEPH team, on 
haemodynamics, exercise capacity, and RV function.
Right heart catheterisation, cardiopulmonary exercise testing, and brain natriuretic peptide 
(BNP) and cardiovascular magnetic resonance were serially assessed.
First, a pre-BPA treatment with riociguat significantly ameliorated mean pulmonary arterial 
pressure (mPAP) (40.4±5.9 to 32.6±5.6 mmHg) and BNP (153±203 to 60±60 pg/mL) before 
the first BPA (n=18, all P<0.05). Second, a series of BPA further ameliorated mPAP (35.4±10.7 
to 23.7±6.2 mmHg) and exercise intolerance (normalised peak oxygen uptake [VO], 63±12 to 
72±12%), with the induction of RV reverse remodelling (RV end-systolic volume index [RVESVI], 
65±33 to 48±16 mL/m²) (n=48, all P<0.001). Finally, CR initiated immediately following the final 
BPA improved exercise capacity to near-normal levels (normalised peak VO, 69±9 to 78±13%) 
as well as WHO-FC (2.1 to 1.7), and accelerated RV reverse remodelling after BPA (RVESVI, 
49±16 to 44±11 mL/m²) (n=19, all P<0.05), with maintenance of improved heart failure (BNP, 
37±35 to 37±24 pg/mL) and haemodynamics (mPAP, 23.4±6.1 to 25.0±4.8 mmHg).
Multi-step therapy consisting of riociguat, a series of BPA, and subsequent CR is useful to 
effectively improve pulmonary haemodynamics, exercise capacity, and RV function in patients 
with inoperable CTEPH, with a good safety profile.
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RESIDUAL RIGHT VENTRICULAR REMODELING FOLLOWING BALLOON PULMONARY ANGIOPLASTY IN CHRONIC 
THROMBOEMBOLIC PULMONARY HYPERTENSION
Ogo Takeshi*[1], Asano Ryotaro[1], Keiko Ohta--Ogo[2], Fukui Shigefumi[1], Tsuji Akihiro[1], Ueda Jin[1], Konagai Nao[1], Fukuda Keiichi[3], Morita Yoshiaki[3], Yasuda Satoshi[1]

[1]Department of Cardiovascular Medicine, National Cerebral and Cardiovascular Center ~ Osaka ~ Japan, [2]Department of Pathology, National Cerebral and Cardiovascular Center ~ Osaka ~ Japan, [3]Department of Radiology, 
National Cerebral and Cardiovascular Center ~ Osaka ~ Japan

Balloon pulmonary angioplasty (BPA) improves hemodynamics, right ventricular (RV) 
remodeling and prognosis in patients with chromic thromboembolic pulmonary hypertension 
(CTEPH). However, residual RV remodeling following BPA may influence clinical outcome and 
treatment strategy.
The primary goal is to clarify the frequency, clinical outcome, and predictors of residual RV 
remodeling following BPA.
We retrospectively enrolled 68 consecutive CTEPH patients who underwent BPA along 
with CMR. Residual RV remodeling was defined as RVEDVI >100ml/m2 and RVEF <45% at 
follow-up (3-month after BPA series). Patients were divided into residual RV remodeling (RRR) 
and normalized RV remodeling (NRR) groups. We compared their clinical characteristics. 
Additionally, we investigated RV histology in 11 CTEPH autopsy cases to explore the 
mechanisms of RV remodeling.
Following BPA (5.0±1.9 sessions), mean pulmonary arterial pressure was markedly improved 
(mean PAP, 40±10 to 24±6mmHg). RV remodeling remained in 38 patients (56%). Compared 
to the NRR group, the RRR group had a higher proportion of male, higher BNP level and more 
prolonged QRS duration at baseline, as well as significantly larger RVEDVI and lower RVEF both 
at baseline and follow-up, and significantly worse WHO functional status at follow-up; despite 
no significant hemodynamic differences. On multivariable logistic regression analysis, male (OR 
8.91, P=0.001), prolonged baseline QRS complex (OR 1.09, P=0.035), and lower baseline RVEF 
(OR 0.89, P=0.017) were independently associated with residual RV remodeling following BPA. 
In histological analysis, QRS duration was correlated with RV fibrosis area. 
RV remodeling remained in 56% of CTEPH patients following BPA with worse symptoms, and 
was associated with male sex, prolonged QRS, and lower RVEF at baseline. QRS duration was 
associated with the extent of RV fibrosis and could be a marker of progressive RV remodeling.
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CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION ASSOCIATED WITH CHRONIC SYNTHETIC CANNABINOIDS 
‘BONZAI’ USE
Öngen Gül*[1], Atahan Ersan[1], Kiliçkiran  Avci Burçak[3], Yildizeli Bedrettin[2]

[1]Istanbul University, Cerrahpasa Medical Faculity, Pulmonary Deparment ~ Istanbul ~ Turkey, [2]Marmara University, Marmara Medical School, Thoracic Surgery ~ Istanbul ~ Turkey, [3]Istanbul University, Cerrahpasa Medical Faculity, 
Cardiology Deparment ~ Istanbul ~ Turkey

Synthetic cannabinoids(SCs) known as ‘bonzai’ in Turkey are pleasure-indusing substances. 
The effects of SCs on pulmonary circulation are unclear. At case series SCs are thought to 
cause acute thromboembolic events in the young population without any other pulmoner 
thromboembolism (PE) risk factors. We aim to demonsrate a case of CTEPH associated with 
chronic synthetic cannabinoids ‘bonzai’ use. 
.
Case presentation: 
A 40-year-old caucasian man ,with a history of bonzai use for 15 years,  presented with 
symptoms of acute chest pain and dyspnea in 2010. His pulmonary computed tomography 
angiography(PCTA)’s revaeled thrombus on right and left main pulmonary artery. No clinical 
risk factors for PE was  present . He was diagnosed as acute idiopathic PE and  anticougulated 
(enoksaparine, warfarine) for a year. His symptoms did not improve despite the treatment. On 
PCTA showed thrombus in the same area. In right heart catheterization(RHC),mean pulmonar 

arter pressure (mPAB), pulmonary vascular resistance (PVR) and pulmonary capillar wedge 
pressure were found 109 mmHg, 25 Woods Unit(WU),10 mmHg respectively. As he was 
diagnosed CTEPH, pulmonary endarterectomy(PEA) was performed in 2011. In RHC done 
just after the PEA,  mPAB , PVR and wedge pressure were found 47 mmHg,  6,5 WU and  6 
mmHg respectively. He had significant improvement after PEA. His control PTCA done  showed 
no thrombus. He continuied to use bonzai after PEA. He was reffered to our hospital with a 
progressive dyspnea for a year in April 2017. A thrombus on right main pulmonary arter wall 
was found on PTCA. We reanticoagulated him for 3 months and repaeted the PCTA. Choronic 
thrombus was ongoing in the same artery. In RHC mPAB, PVR and wedge pressure were 
52mmHg, 6,6 WU and pulmonary 15 mmHg respectively. Reendarterectomy  is planned and 
reffered to surgical department. 
.
Synthetic cannabinoids might be a risk factor not only for acute PE, CTEPH as well.
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PULMONARY BLOOD VOLUME BY DUAL-ENERGY CT IS A NEW MANAGEMENT INDEX FOR CHRONIC THROMBOEMBOLIC 
PULMONARY HYPERTENSION
Onishi Hiroyuki*[1], Kazuhiko Nakayama[1], Kenichi Yanaka[1], Naoki Tamada[1], Yuu Izawa[1], Yuto Shinkura[1], Yasunori Tuboi[1], Shinsuke Shimoyama[3], Tatsuya Nishii[3], Atushi Kono[3], Noriyuki Negi[2], 
Shumpei Mori[1], Hiromasa Otake[1], Seimi Satomi--Kobayashi[1], Toshiro Shinke[1], Noriaki Emoto[4], Ken--Ichi Hirata[1]

[1]Division of Cardiovascular Medicine, Department of Internal Medicine, Kobe University Graduate School of Medicine ~ Kobe ~ Japan, [2]Division of Radiology, Center for Radiology and Radiation Oncology, Kobe University 
Hospital ~ Kobe ~ Japan, [3]Department of Radiology, Kobe University Graduate School of Medicine ~ Kobe ~ Japan, [4]Department of Clinical Pharmacy, Kobe Pharmaceutical University ~ Kobe ~ Japan

Chronic thromboembolic pulmonary hypertension (CTEPH) is pulmonary obstructive vascular 
disease. So, the assessment of lung perfusion is an important issue for the management of 
CTEPH. However, there were few methods to quantify lung blood perfusion. Dual-energy 
computed tomography (DECT) can produce a sensitive iodine distribution map, which enable 
us to quantify blood perfusion in lung fields.
We studied the clinical significance of DECT in CTEPH.
We retrospectively assessed consecutive patients of CTEPH who underwent DECT from Jan. 
2015 to July. 2017. We evaluated the relations between lung pulmonary blood volume (PBV) 
which was calculated as an average of entire lung iodine density and clinical parameters 
including hemodynamics by right heart catheterization.
In 85 patients (female 63, mean age 65.5±12.2 years old, WHO-Fc I/II/III/IV:4/37/32/12), 40 

patients were evaluated at pre-treatment, 13 at post pulmonary endarterectomy (PEA), 25 at 
post balloon pulmonary angioplasty (BPA), and seven at post hybrid therapy with BPA after 
PEA. The average of PBV was 25±7 Hounsfield Unit (HU). Mean pulmonary arterial pressure 
(mPAP) was 29±13 mmHg, pulmonary vascular resistance (PVR) was 505 ± 374 dyne*sec/
cm5, and cardiac index was 2.4±0.7 l/min/m2. The value of PBV was well reflected in WHO-Fc 
classification (I/II/III/IV: 28.0±7.0 / 28.1±7.6 / 23.5±5.9 / 19.3±10.4; p=0.012) and significantly 
correlated with mPAP (r = -0.52, p < 0.01) and PVR (r = -0.52, p < 0.01). The area under the 
receiver-operating characteristic curve for mPAP25mmHg, PVR250 dyne*sec/cm5, WHO-
FcII was 0.784, 0.705 and 0.677, respectively.
PBV value was correlated with symptom, hemodynamics in the patients of CTEPH. 
Quantification of pulmonary perfusion will be a new management index for CTEPH.
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REPEATED EMBOLIZATION COMBINED WITH INHIBITION OF ANGIOGENESIS RESULTS IN EARLY CHRONIC 
THROMBOEMBOLIC PULMONARY HYPERTENSION IN RABBITS
Quarck Rozenn*[1], Wagenaar Allard[1], Tielemans Birger[1], Perros Frédéric[3], Dorfmüller Peter[3], Belge Catharina[2], Delcroix Marion[2]

[1]KU Leuven ~ Leuven ~ Belgium, [2]University Hospitals Leuven ~ Leuven ~ Belgium, [3]University Paris Sud ~ Le Plessis Robinson ~ France

Chronic thromboembolic pulmonary hypertension (CTEPH) is a severe disease characterized 
by unresolved and organized thrombi obstructing the pulmonary arterial bed, resulting in 
pulmonary hypertension and right ventricular (RV) failure. We previously found that repeated 
embolization and fibrinolysis inhibition induced CTEPH in rabbits. A role of neovascularization 
in the resolution of venous thrombus has been suggested and angiogenic factors such as 
vascular endothelial growth factor (VEGF) were found in resolving thrombi.
We consequently hypothesized that inhibition of angiogenesis may prevent fibrinolysis and 
promote CTEPH progression. Our aim was to combine repeated blood clot embolization with 
an inhibitor of angiogenesis to induce CTEPH in rabbits.
During 7 weeks, adult male New Zealand rabbits were weekly embolized with autologous 
blood clots containing Sugen, an inhibitor of VEGF receptor (n=5) or not (n=5). RV systolic 
pressure (RVSP) was monitored by telemetry in a subset of animals. Right heart catheterization 

was performed 8 weeks after the last embolization, before sacrifice. RV function was assessed 
by transthoracic echocardiography at baseline, after the last embolization and before sacrifice. 
RV hypertrophy (Fulton index) and lung vessel morphometry were analyzed.
Repeated embolization with clots containing Sugen resulted in a 44% increase in mean 
pulmonary arterial pressure, a 2-fold increase in pulmonary vascular resistance index without 
any change in cardiac output and a 37 % increase in RV diameter compared to baseline; it also 
promoted the formation of recanalized lesions in large proximal pulmonary arteries, similar to 
those found in pulmonary endarterectomy material from CTEPH patients, and remodeling of 
distal pulmonary arteries.
Repeated embolization with autologous blood clots containing Sugen promoted CTEPH 
development in rabbits. The presence of recanalized proximal pulmonary arteries highlights the 
similarity with the human pathology of CTEPH.
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PREVALENCE AND CHARACTERISTICS OF PATIENTS WITH CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION 
FROM A SINGLE SINGAPORE CENTRE
Ruan Wen*[1], Quah Kevin[1], Yap Jonathan[1], Ismail Aidila Binte[1], Sewa Duu Wen[2], Phua Ghee Chee[2], Ang Ai Leen[2], Cheah Foong Koon[2], Loh Kenny[1], Alicia  Xue  Fen Chia[1], Lim Choong Hee[1], David 
Jenkins[3], Chao Victor Tar Toong[1], Lim Soo Teik[1], Tan Ju Le[1]

[1]National Heart Centre Singapore ~ Singapore ~ Singapore, [2]Singapore General Hospital ~ Singapore ~ Singapore, [3]Papworth Hospital NHS trust ~ London ~ United Kingdom

A small number of patients (about 4-9%) with acute pulmonary embolism (PE) develop chronic 
thromboembolic pulmonary hypertension (CTEPH). Local registry data is lacking.
To analyse CTEPH patient characteristics and outcome in our centre. 
Retrospective data on CTEPH patients diagnosed between July 2003 and Aug 2017 in our 
centre. All were followed up for ≥90 days from diagnosis. CTEPH was diagnosed when the 
following criteria were met (1) pulmonary hypertension (mean PAP C 25 mmHg on right heart 
cath [RHC]; or in the absence of RHC, ‘high echo probability of PH), (2) mismatched perfusion 
defects on V/Q scan, and/or (3) typical CT pulmonary angiographic features, (4) with patients 
having received > 3 months of adequate anticoagulation.
Total of 34 patients (Aged 60 ±15 yrs, 62% female) diagnosed to have CTEPH. Distribution 
between Chinese, Malay and Indians were 74%, 12%, and 15% respectively reflecting the 
ethnic distribution of Singapore (Chinese 76.2 %, Malay15%, Indian 7.4%) except for a higher 
preponderance of Indian patients. Thrombophilia work up detected 15% thrombophilic 
disorders. All 34 patients had prior acute thromboembolic event, 36% and 18% had >1 
episodes of PE and DVT respectively. There was a time lapse of 1.5 years from symptom onset, 
and 3.4 years from last VTE to the diagnosis of CTEPH. At the time of diagnosis, 38% of the 
patients were in WHO functional class 3 and 4; medium NT-proBNP and 6 minute walk test 
were 861 [140, 1248] ng/ml and 360 [293, 454] meters respectively; 76% of them were on 
warfarin, the rest on direct oral anticoagulant or low molecular heparin; 53% of them received 
PH specific drugs (16 sildenafil, 1 tadalafil and 1 riociguat); 35% of the patients also on diuretic 
therapy. More than half were deemed surgical candidates, among which 14 underwent PEA 
surgery (Chart 1). Overall medium survival from symptom onset was 2.3 years. 
There is a trend towards increase PEA and BPA referrals and better outcome in the recent years. 
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SUBCUTANEOUS TREPROSTINIL FOR THE TREATMENT OF NON-OPERABLE CHRONIC THROMBOEMBOLIC PULMONARY 
HYPERTENSION: A RANDOMIZED, CONTROLLED TRIAL (CTREPH)
Sadushi--Kolici Roela*[4], Jansa Pavel[1], Kopec Grzegorz[2], Torbicki Adam[3], Campean Ioana--Alexandra[4], Hoeffken Gert[5], Skoro--Sajer Nika[4], Simkova Iveta[6], Karlocai Kristof[7], Steringer--Mascherbauer 
Regina[8], Samarzija Miroslav[9], Salobir Barbara[10], Klepetko Walter[11], Lindner Jaroslav[12], Lang Irene Marthe[4]

[1]Charles University of Prague, Cardiology ~ Prague ~ Czech Republic, [2]Department of Cardiac and Vascular Diseases Jagiellonian University Medical College Centre for Rare Cardiovascular Diseases John Paul II Hospital ~ 
Krakow ~ Poland, [3]John Paul II Hospital, Cardiac and Vascular Diseases Centre for Rare Cardiovascular Diseases ~ Warsaw ~ Poland, [4]Medical University of Vienna, Internal Medicine II, Cardiology ~ Vienna ~ Austria, [5]Internal 
Medicine I, Pulmonary Disease, University Carl Gustav Carus ~ Dresden ~ Germany, [6]Slovak Medical University, Cardiology ~ Bratislava ~ Slovakia, [7]Semmelweis University Heart Center, Cardiology ~ Budapest ~ Hungary, [8]

Elisabethinen University Teaching Hospital, Cardiology ~ Linz ~ Austria, [9]University Hospital Centre Zagreb, Respiratory Diseases ~ Zagreb ~ Croatia, [10]University Medical Centre of Ljubljana, Internal Medicine, Pulmonary 
Diseases and Allergy ~ Ljubljana ~ Slovenia, [11]Medical University of Vienna, Thoracic Surgery ~ Vienna, Austria ~ Austria, [12]Charles University of Prague , Cardiovascular Surgery ~ Prague ~ Czech Republic

Treprostinil, a prostacyclin analogue, is effective for the treatment of pulmonary arterial 
hypertension (PAH), but little information exists on treprostinil treatment of non-operable 
chronic thromboembolic pulmonary hypertension (CTEPH). 
To investigate the efficacy and safety of subcutaneous treprostinil (scTRE) in patients with non-
operable CTEPH.
In a phase III, double-blind, randomized, controlled, multicenter trial (ClinicalTrials.gov: 
NCT01416636) 105 patients (mean age 64 years, 46.7% females) with severe, non-operable 
CTEPH were randomly assigned to low-dose  scTRE (target dose 3ng/kg/min at week 12) 
or high-dose scTRE (target dose 30ng/kg/min at week 12) in six European expert centers. 
Primary study endpoint was change from baseline in 6-minute walking distance (6MWD) at 
week 24. Secondary endpoints included clinical worsening and the change from baseline in 
hemodynamics, World Health Organization functional class (WHO FC), Borg dyspnea score, 
oxygen saturation, heart rate, NT-proBNP, quality of life and safety. 

Patients predominantly in WHO FC class III and IV with a mean baseline 6MWD of 304 ± 78m, a 
mean pulmonary artery pressure of 49 ± 11 mmHg and a mean pulmonary vascular resistance 
(PVR) of 827 ± 343 dyn.s.cm-5 were randomized to low dose scTRE (n=52) or to high dose 
scTRE (n=53).  
By 24 weeks 6MWD had increased by a mean of 45 m in the high-dose group and by a mean 
of 4 m in the low-dose group (P=0.0003).  PVR decreased by a mean of 214 dyn.s.cm-5  in 
the high-dose group and increased by a mean of 73 dyn.s.cm-5  in the low-dose group 
(P=0.00001).  High-dose treprostinil was associated with a significant improvement of WHO FC 
(P=0.003).   

Treatment with subcutaneous treprostinil was safe, and improved exercise capacity, 
hemodynamics, and WHO FC in patients with severe, non-operable CTEPH.
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THE ESC/ERS RISK ASSESSMENT INSTRUMENT FOR PATIENTS WITH PULMONARY ARTERIAL HYPERTENSION IS ALSO 
APPLICABLE IN CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION
Sandqvist Anna*[1], Kylhammar David[2], Kjellström Barbro[3], Söderberg Stefan[4]

[1]Department of Pharmacology and Clinical Neuroscience, Clinical Pharmacology, Umeå University ~ Umeå ~ Sweden, [2]Department of Clinical Physiology and Department of Medicine and Health Sciences, Linköping University 
~ Linköping ~ Sweden, [3]Department of Medicine, Cardiology Unit, Karolinska Institute ~ Stockholm ~ Sweden, [4]Department of Public Health and Clinical Medicine, Heart Centre, Umeå University ~ Umeå ~ Sweden

The 2015 ESC/ERS guidelines presented a risk assessment instrument for pulmonary arterial 
hypertension (PAH) patients and proposed the defined low risk profile as a treatment goal. The 
instrument included variables with cut-off values corresponding to low, intermediate or high 
risk. The strategy has recently been validated for PAH patients. 
To investigate if the risk assessment instrument could also be applied for chronic 
thromboembolic pulmonary hypertension (CTEPH) patients.
Incident cases of CTEPH (n=315) registered in the Swedish PAH Register from Jan 1, 2008 
through Dec 31, 2016 were included. The recently validated method for register-based 
risk stratification was used. In brief, each included variable was graded 1-3, where 1=Low 
risk, 2=Intermediate risk and 3=High risk. Dividing the sum of all grades by the number of 
variables for each patient rendered a mean grade, which defined the patients’ risk group. Risk 
assessment was performed at baseline.

Mean age was 65±13 years, 53% were male. At baseline risk assessment rendered 22% as low, 
64% as intermediate and 14% as high risk. One, 3 and 5-year survival rates were 100, 99 and 
93% in the low risk group, 93, 84 and 77% in the intermediate risk group and 75, 57 and 50% in 
the high risk group, respectively. During follow-up, 36% underwent pulmonary endarterectomy 
(PEA). PEA-free 1, 3 and 5-year survival rates were 100, 98 and 92% in the low risk group, 91, 
77 and 67% in the intermediate risk group and 67, 45 and 36% in the high risk group. Survival 
differed significantly (p<0.001) between risk groups, irrespective if PEA was included or not.
CTEPH patients with a low-risk profile had better survival than those with worse risk profiles 
at baseline. These findings suggest that the risk assessment strategy could follow the same 
principles in CTEPH as for PAH, although the risk assessment strategy needs further validation 
during follow-up.
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A TREATMENT GOAL TO IMPROVE RENAL FUNCTION AFTER BALLON PULMONARY ANGIOPLASTY IS REDUCING 
PULMONARY VSCULAR RESISTANCE IN PATIENTS WITH CHRONIC THROMBOLIC PULMONARY HYPERTENSION
Sarasa Isobe*, Yuji Itabashi, Takeshi Kawakami, Masaharu Kataoka, Mitsushige Murata, Keiichi Fukuda
Keio uninversity ~ Tokyo ~ Japan

Balloon pulmonary angioplasty (BPA) effectively improves hemodynamics and renal function in 
non-operable chronic thromboembolic pulmonary hypertension (CTEPH) patients in the acute 
phase. However, the mechanisms of improved renal function and the treatment goal of BPA 
remain unknown.
The purpose of this study is to reveal the mechanisms of improved renal function, and 
investigate the parameter as a treatment goal of BPA to improve renal function.
We retrospectively studied 50 consecutive patients undergoing BPA from November 2012 to 
June 2016 (32 women (68%), age: 61.7±15.5 years). We evaluated patients’ clinical parameters 
to 1 year after BPA and investigated the associations between renal function and both 
hemodynamics and right heart function. 
Improved patients’ hemodynamics, right heart function, and renal function were sustained to 

1 year after BPA. One year after BPA, relative changes in estimated glomerular filtration rate 
(eGFR) correlated with relative changes in cardiac index, mean pulmonary arterial pressure, 
mixed venous oxygen saturation, and pulmonary vascular resistance (PVR). Multivariable 
analysis revealed that relative decreases in PVR immediately after the final BPA predicted 
improved eGFR 1 year after BPA (odds ratio, 1.041; 95% confidence interval, 1.004-1.078; p = 
0.027). The cut-off value for predicting improved eGFR with approximately 95% specificity was 
a relative decrease in PVR after the final BPA of < 30.2% of baseline value (specificity: 94.1%, 
sensitivity: 33.3%). 
Reduction of PVR plays an important role for improvement of renal function. PVR reduction 
below approximately 30% of the baseline value was significantly associated with improved 
renal function one year after BPA in CTEPH patients.
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EARLY OUTCOMES FOLLOWING PULMONARY ENDARTERECTOMY: AN AUSTRALIAN TERTIARY REFERRAL CENTRE 
EXPERIENCE
Scheuer Sarah*[2], Emmanuel Sam[1], Keogh Anne[2], Pepke--Zaba Joanna[3], Jenkins David[4], Boshell David[1], Kotylar Eugene[5], Dhital Kumud[2]

[1]St Vincent’s Hospital ~ Sydney ~ Australia, [2]St Vincent’s Hospital; Victor Chang Cardiac Research Institute; University of New South Wales ~ Sydney ~ Australia, [3]Papworth Hospital; Cambridge University ~ Cambridge ~ United 
Kingdom, [4]Papworth Hospital ~ Cambridge ~ United Kingdom, [5]St Vincent’s Hospital; University of New South Wales ~ Sydney ~ Australia

Despite advances in medical treatment, pulmonary endarterectomy (PEA) remains the most 
curative option for patients with chronic thromboembolic pulmonary hypertension (CTEPH). 
The majority of centres initiating a PEA service report a significant surgical learning curve.  
This study examines the outcomes of patients undergoing PEA for CTEPH in a single institution 
with initial surgical mentoring and double evaluation of patient suitability with an established 
high volume centre. 
Forty-three patients: 21 female, 22 male; average age 61.1±14.7 years, with surgically 
amenable CTEPH underwent PEA between November 2010 and July 2017. Functional (New 
York Heart Association [NYHA] class, 6-minute walk test [6MWT]), haemodynamic (right heart 
catheterisation) and survival outcomes were examined at post 12 months. Eleven of the 43 

patients (25.6%) had a pre-operative PVR of >1000 dynes.
Significant post-PEA improvements were observed in NYHA class (pre 3.0±0.5 vs. post 1.7±0.6, 
p<0.01), 6MWT (pre 329.7±112.1 meters vs. post 451.7±95.6, p<0.01), mean pulmonary artery 
pressure (pre 49.3±12.4 mmHg vs. post 31.1±10.0, p<0.01), pulmonary vascular resistance (pre 
795.6±326.7 dynes vs. post 276.1±115.0, p<0.01), and cardiac output (pre 4.1±1.2 L/min vs. 
post 5.4±1.2, p<0.01). The one-year mortality rate was 2.3%.
PEA remains an effective treatment for CTEPH with significant improvements demonstrated in 
pulmonary haemodynamics and functional outcomes. Furthermore, instituting a PEA service 
in conjunction with an established centre can mitigate the learning curve, associated with 
significant mortality, and produce comparable results to those from high volume centres.
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PREDICTORS FOR WORSENING HEMODYNAMICS DURING FOLLOW-UP PERIOD AFTER BALLOON PULMONARY 
ANGIOPLASTY
Shinkura Yuto*[2], Nakayama Kazuhiko[2], Onishi Hiroyuki[2], Yanaka Kenichi[2], Tamada Naoki[2], Tsuboi Yasunori[2], Otake Hiromasa[2], Satomi--Kobayashi Seimi[2], Shinke Toshiro[2], Emoto Noriaki[1], Hirata 
Ken--Ichi[2]

[1]Department of Clinical Pharmacy, Kobe Pharmaceutical University, Japan ~ Kobe ~ Japan, [2]Division of Cardiovascular Medicine, Department of Internal Medicine, Kobe University Graduate School of Medicine ~ Kobe ~ Japan

Balloon pulmonary angioplasty (BPA) improves hemodynamics and exercise capacity in 
patients with chronic thromboembolic pulmonary hypertension (CTEPH). However, some 
patients experienced worsening hemodynamics in the subsequent course after BPA.
The purpose of this study is to clarify the predictors for worsening hemodynamics after BPA.
We routinely performed right heart catheterization (RHC) within 10 days after the final BPA as 
an acute follow-up and around one year as a long-term follow-up. The final BPA was defined as 
the session in which we extensively revascularized targeting all recognised lesions. Consecutive 
51 patients who had finished a long-term follow-up RHC were enrolled. We retrospectively 
compared the hemodynamic parameters in both follow-up RHC and divided them into two 
groups. The patients with decreased pulmonary vascular resistance (PVR) were identified as an 
improved PVR group (n=27) against a worsening PVR group (n=24).
Mean pulmonary artery pressure (mPAP) and PVR at acute follow-up had no significant 

differences between the two groups (mPAP: 19.4±6.0 VS 19.2±4.6 mmHg, p=0.88 / PVR: 
314±126 VS 259±189 dyne*sec/cm5, p=0.15), the number of pulmonary ariterial (PA) 
segments with residual stenoses detected by pulmonary angiography and diastolic pulmonary 
artery pressure (dPAP) were significantly lower in the improved PVR group (dPAP: 8.6±4.7 VS 
11.2±3.9 mmHg, p=0.04, number of PA segments: 7.7±2.9 VS 10.0±3.3 p=0.01). Multivariate 
logistic regression analysis showed that these two items were independent risk factors of 
worsening PVR after BPA (dPAP: OR 1.226, p=0.035, / number of PA segments: OR 1.283, p= 
0.032).
High dPAP and number of PA segments with residual stenoses were identified as the 
predictors for worsening hemodynamics after BPA despite of an adequate improvement of 
hemodynamic. Extensive recovery of pulmonary vascular circulation by monitoring dPAP will be 
the novel strategy for CTEPH.  
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A SIMPLE PREDICTIVE ALGORITHM FOR MORTALITY RISK IN CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION
Skoro--Sajer Nika*[1], Gerges Christian[1], Gerges Mario[1], Panzenböck Adelheid[1], Jakowitsch Johannes[1], Klepetko Walter[2], Celermajer David[3], Lang Irene[1]
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Chronic thromboembolic pulmonary hypertension (CTEPH) results from persistent pulmonary 
vascular obstructions, presumably due to inflammatory thrombosis.   

Because estimates of thrombus volume at diagnosis have no predictive value, we investigated 
the role of the thrombosis marker D-dimer and the inflammation marker C-reactive protein 
(CRP) in predicting outcomes in CTEPH.
289 consecutive patients (pts) with CTEPH were followed for 57 months [median, 45;69].  157 
of these patients underwent surgical pulmonary endarterectomy (PEA).  D-dimer and CRP were 
collected at the time of CTEPH diagnosis and their impact on outcome was analyzed using Cox 
and logistic regression models.  Their association with thrombus composition was analyzed 
utilizing HistoQuest.  

D-dimer and CRP levels were separately and independently predictive of death or need for 
lung transplantation (p=0.012, p=0.025; respectively). For example, 5 year survival was 90% 
(confidence intervals 84-96%) in patients with D-dimer levels <0.5 µg.mL-1 and CRP <1 mg.dL-1 
at diagnosis, versus 50% (36-64%) for patients with D-dimer  ≥0.5 µg.mL-1 and CRP ≥1 mg.dL-1 
(p<0.001). D-dimer and CRP both decreased significantly after PEA (p<0.01).  The amount of 
fresh red thrombus on thrombendarterectomy specimens correlated positively with D-dimer 
levels at diagnosis (r=0.33, p=0.001). 

D-dimer and CRP are independent and significant predictors of outcome in CTEPH, available 
at the time of diagnosis. This observation suggests an important role for fibrin turnover and 
inflammation in the pathogenesis of CTEPH, and its complications.   
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CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION MIMICS PULMONARY EMBOLISM
Skride Andris*, Kigitovica Dana, Gibietis Valdis, Vitola Barbara, Strautmane Sintija
Dr ~ Riga ~ Latvia

Chronic thromboembolic pulmonary hypertension (CTEPH) is considered as late complication 
of acute pulmonary embolism (APE)[Simonneau, 2016]. However, it seems controversial 
weather the diagnosis of APE is correct as far as CTEPH episode can resemble APE [Ende-
Verhaar, 2017]. No algorithm is found by now to screen the patients for CTEPH in case of APE, 
and it is not recommended to screen all survivors of APE for CTEPH [Galie, 2015].
To evaluate the possibility of CTEPH in case of APE.
The single-hospital prospective cohort study included 157 consecutive patients from June 2014 
till August 2017 presenting with APE confirmed by CT angiography. Statistical analyses were 
conducted using SPSS 23.0.
Echocardiography-estimated systolic pulmonary artery pressure ranged from 20 mmHg to 110 
mmHg. Recurrent VTE was observed in 13.4% [CI=8.3-19.1], unprovoked PE – 80.9% [CI=73.9-
87.3%]. sPAP>50mmHg was observed in 33.8% (n=53) [CI=26.8-41.4%] of patients. Six patients 
with sPAP>50mmHg and recurrent VTE were accounted, and 47 patients had unprovoked PE 

and sPAP>50mmHg. No statistical difference was found in patients with sPAP>50mmHg and 
recurrent VTE (p=0.590), as well as with unprovoked PE (p=0.077).  However, sPAP value is 
higher in patients with unprovoked PE (p=0.054). History of myocardial infarction or coronary 
artery disease, atrial fibrillation, diabetes, arterial hypertension do no differ in patients with 
sPAP over or less than 50mmHg (p>0.05), however, history of peripheral artery disease differ 
(p=0.012). 
Preliminary data of confirmed 6 CTEPH diagnosis with right heart cathetherisation showed that 
2 patients had sPAP over 50mmHg at the moment of APE.  

During the onset of APE patients might have concomitant pulmonary hypertension. 
CTEPH can mimic acute PE onset in patients with sPAP >50 mmHg due to reason that right 
ventricule is unable to acutely generate so high pressure, but it should be diagnosed by right 
heart catheterisation.  
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SAFETY AND EFFICACY OF DIRECT ORAL ANTICOAGULANTS FOR PATIENTS WITH CHRONIC THROMBOEMBOLIC 
PULMONARY HYPERTENSION IN ONE EXPERT CENTER IN JAPAN
Suda Rika*, Tanabe Nobuhiro, Jujo Takayuki, Naito Akira, Nishimura Rintaro, Sugiura Toshihiko, Sakao Seiichiro, Tatsumi Koichiro
Department of Respirology, Graduate School of Medicine, Chiba University ~ Chiba ~ Japan

Patients with chronic thromboembolic pulmonary hypertension (CTEPH) need life-long 
anticoagulation. The recent guidelines for venous thromboembolic disease recommend using 
direct oral anticoagulants (DOAC) rather than warfarin for patients without cancer. Some CTEPH 
patients take DOAC with various reasons, although there is no evidence about the efficacy and 
safety of DOAC for CTEPH.
The purpose of this study is to investigate the patients’ characteristics, risk of clinically relevant 
bleeding, recurrent PE and clinical worsening in CTEPH patients during treatment of DOAC.
We investigated the 304 patients with CTEPH diagnosed in our hospital from 1986 to 2016 
about the prescription of DOAC and the clinical course.
Twenty-nine out of 304 patients had DOAC. Seven patients continued DOAC from the 
diagnosis of acute PE, and 22 changed from warfarin to DOAC. The reasons for the prescription 
change from warfarin to DOAC were advantages of DOAC (n=7) and adverse events (AEs) of 

warfarin such as bleeding (n=6), recurrent PE (n=3), difficult control of warfarin (n=5), or hepatic 
impairment (n=1). Eighteen patients were stable, 9 had clinical events and 2 could not be 
followed up. Clinical events were death, recurrent PE, increase in D-dimer, right heart failure, 
hemoptysis, nasal bleeding and palpitation.  
The AEs of DOAC occurred in 18 patients (66.7%); bleeding events in 10 patients (37%), right 
heart failure in 4 (14.8%), recurrent PE in 2 (7.4%), elevation in D-dimer in 1 (3.7%) and others. 
The clinically significant bleeding occurred in 8 patients (29.6%) and 6 out of 14 patients 
who had had major and/or clinically significant bleeding during the treatment of warfarin, 
experienced clinically significant bleeding after change to DOAC.
The efficacy and safety of DOAC for patients with CTEPH is still unclear. Meticulous attention 
should be paid if we prescribe DOAC for patients with CTEPH and especially for those with AEs 
on warfarin.
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PULMONARY ENDARTERECTOMY AND BALLOON PULMONARY ANGIOPLASTY SIMILARLY IMPROVE HEALTH RELATED 
QUALITY OF LIFE IN PATIENTS WITH CHRONIC THROMBOEMBOLIC PULMONARY HYPERTENSION.
Tamada Naoki*[1], Nakayama Kazuhiko[1], Yanaka Kenichi[1], Onishi Hiroyuki[1], Shinkura Yuto[1], Izawa Kazuhiro P[2], Shinke Toshiro[1], Emoto Noriaki[3], Hirata Ken--Ichi[1]
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Kobe Pharmaceutical University ~ Kobe ~ Japan

Several options are available for the treatment of chronic thromboembolic pulmonary 
hypertension (CTEPH). Pulmonary endarterectomy (PEA) is the primary therapy, meanwhile 
balloon pulmonary angioplasty (BPA) is applied to patients with inoperable CTEPH. However, 
there is very limited data regarding how these therapies affect health related quality of life 
(HRQOL).
We aimed to examine the effects of invasive therapies on HRQOL.
A total of 32 patients completed questionnaires before and after the invasive therapies. Of 
those, 12 patients underwent PEA and 20 patients underwent BPA. We utilized the Medical 
Outcome Study 36-Item Short-Form Health Survey (SF-36) to assess HRQOL along with the 
evaluation of various clinical parameters. All of SF-36 scores were scaled by converting to 
standard-deviation score.
Both therapies similarly improved hemodynamics and exercise capacity. The PEA group 

showed improvements in physical functioning (PF) (12.6±22.1 to 35.2±16.7, p<0.01), general 
health (GH) (37.1±11.7 to 47.9±9.6, p<0.01), vitality (VT) (43.3±15.3 to 52.6±8.3, p=0.04), 
mental health (MH) (46.9±12.8 to 52.9±9.7, p=0.04), physical component summary (PCS) 
(19.7±20.3 to 34.9±16.3, p=0.02), and mental component summary (MCS) (52.6±9.5 to 
56.6±8.2, p=0.04). The BPA group showed improvements in PF (25.7±15.1 to 39.8±14.1, 
p<0.01), role physical (RP) (29.6±16.2 to 39.9±12.0, p<0.01), GH (36.2±11.1 to 44.3±9.7, 
p<0.01), VT (43.9±9.5 to 49.2±8.5, p<0.01), role emotional (RE) (36.6±18.1 to 44.2±15.6, 
p=0.02), MH (46.6±10.0 to 52.8±8.2, p<0.01), and PCS (25.6±15.3 to 36.8±12.8, p<0.01). When 
we compared changes of HRQOL scores by each invasive therapy between PEA and BPA 
groups, there were no significant differences.
Both PEA and BPA might be able to contribute to comparable improvements in HRQOL.
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POOR SUBPLEURAL PERFUSION RELATING TO LESS DEVELOPED BRONCHIAL ARTERIES PREDICTS FAILURE 
AFTER BALLOON PULMONARY ANGIOPLASTY FOR NON-OPERABLE CHRONIC THROMBOEMBOLIC PULMONARY 
HYPERTENSION
Taniguchi Yu*[2], Brenot Philippe[1], Jais Xavier[2], Garcia Carlos[1], Planche Olivier[2], Fadel Elie[1], Humbert Marc[2], Simonneau Gerald[2]
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It has been shown that ‘poor subpleural perfusion’ (PSP) in the capillary phase of pulmonary 
angiography, related to small vessel disease of distal thrombosis in chronic thromboembolic 
pulmonary hypertension (CTEPH), predicts poor outcome after pulmonary endarterectomy 
(Tanabe, CHEST2012). Balloon pulmonary angioplasty (BPA) has emerged for non-operable 
CTEPH. 
We assessed the association between PSP and BPA failure.
Subpleural perfusion in the capillary phase of PA was classified as normal or poorly perfused. 
We retrospectively reviewed PSP (defined as subpleural spaces either not or minimally 
perfused in all segments) and hemodynamics of 101 patients who underwent BPA from 
February 2014 to August 2016. The total cross-sectional area of bronchial arteries (BAs) was also 
measured by computed tomography. Patients were divided according to hemodynamic results 
after the last BPA: a failure group (defined as mean PAP >30mmHg and PVR decrease <20% 
after BPA [n=11]) or a success group [n=90]. 
Baseline clinical hemodynamics were similar in both groups. In contrast, PSP was observed in 
45.5% of patients in the failure group versus 15.6% in the success group (p=0.016). Multivariate 
analysis revealed that PSP was the only predictor of BPA failure (Odds Ratio 4.359, 95% 
confidence interval 1.156-16.430, p=0.030). Patients with PSP showed poorly developed BAs 
compared to normal perfused (7.0 [5.8-9.6] mm2 vs 8.7 [6.9-11.3] mm2, p=0.032).
Poor subpleural perfusion (PSP) in the capillary phase of pulmonary angiography, suggesting 
the presence of diffuse small vessel disease of distal thrombosis, is associated with residual 
pulmonary hypertension after BPA. PSP was also associated with less developed bronchial 
arteries suggesting the key role of bronchial pulmonary anastomosis in order to maintain the 
pulmonary capillary bed open downstream of the pulmonary artery obstruction by fibrotic. In 
our experience, PSP affected approximately 10% of non-operable CTEPH who underwent BPA.
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THE WALL SHEAR STRESS OF THE PULMONARY ARTERIES IN THE PATIENTS WITH CHRONIC THROMBOEMBOLIC 
PULMONARY HYPERTENSION BEFORE AND AFTER BALLOON PULMONARY ANGIOPLASTY; ANALYSIS USING 
COMPUTATIONAL FLUID DYNAMICS.
Tsubata Hideo*[1], Naohiko Nakanishi[1], Keiichi Itatani[2], Kuniyoshi Fukai[1], Hitoshi Yaku[2], Satoaki Matoba[1]

[1]Kyoto Prefectural University of Medicine ~ Kyoto ~ Japan, [2]Department of Cardiovascular Surgery, Kyoto Prefectural University of Medicine ~ Kyoto ~ Japan

Chronic thromboembolic pulmonary hypertension (CTEPH) is thought to result from 
incomplete resolution of pulmonary thromboemboli, and the incomplete resolution might be 
influenced by blood flows. The reduction of wall shear stress (WSS) in the systemic circulation is 
known to lead to endothelial dysfunction; however, little is known in the pulmonary vasculature. 
Recently, balloon pulmonary angioplasty (BPA), which improves hemodynamics for inoperable 
CTEPH patients, has been widely spread. However, it is not clear how BPA influences the blood 
flows and WSS of pulmonary arteries.
The objectives of this study are to evaluate the difference of WSS of pulmonary arteries before 
and after BPA with inoperable CTEPH patients using computational fluid dynamics (CFD).
Patients-specific models of the pulmonary arteries with normal patients and inoperable CTEPH 
patients before and after BPA were made based on the computed tomographic images. CFD 
models with finite volume methods were created to simulate the physiological pulsatile flow 
including characteristic impedance and autonomous regulation system. Flow stream patterns, 
WSS and velocity magnitude were calculated during one cardiac cycle.
The WSS of the distal portion of pulmonary arteries before BPA was higher compared to normal 
subjects (6.7±2.9 vs 4.6±0.7 dynes/cm², P=0.04). The WSS of the proximal portion have no 
difference before and after BPA (0.6±0.1 vs 0.6±0.2 dynes/cm², P=0.97). On the other hand, 
the WSS of the distal portion after BPA was significantly higher than that before BPA (27.6±4.3 
vs 6.7±2.9 dynes/cm², P<0.001). Velocity magnitude of the distal portion after BPA was 
significantly increased compared to before BPA (21.4±7.8 vs 10.4±3.8 cm/s, P=0.001).
In the analysis using CFD, WSS was increased in the pulmonary arteries of the patients with 
CTEPH, and BPA increased WSS and velocity magnitude in the distal portion of pulmonary 
artery.
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HYDATID EMBOLIZATION RELATED CHRONIC PULMONARY HYPERTENSION
Tufekcioglu Omac*[1], Yakut Idris[1], Kanal Yucel[1], Erbay Ilke[1], Dereagzi Funda[1], Akin Yesim[1], Birincioglu Levent[2], Sasmaz Hatice[1]

[1]Turkey Yuksek Ihtisas Hospital, Cardiology ~ Ankara ~ Turkey, [2]Turkey Yuksek Ihtisas Hospital, Cardiovascular Surgery ~ Ankara ~ Turkey

Hydatid embolization related chronic pulmonary hypertension (HERCPH) is a rare but 
potentially life-threatening condition. However, published studies and case reports related to 
HERCPH are limited. 

We conducted a review of all the available literature on cases of HERCPH and present the 
findings here.  

We found 105 articles in PubMed Database by searching the keywords “pulmonary artery”, 
“pulmonary hypertension”, “echinococcosis” and “hydatid”. These articles were screened 
manually and 12 were selected due to their relevance to HERCPH. Sixteen cases from these 
articles and 2 new cases from our institute totally 18 cases (10 men; mean age, 37.7±12.2 
years) were reviewed for age, gender, operation, cardiac echinococcosis, pulmonary artery 
involvement, right heart failure (RHF) and death. Major cardiovascular event (MCE) was defined 
as death and/or RHF. 

Eleven cases (6 men; mean age, 39.9±11.6 years) had MCE (61%) and 7 cases (4 men; 
mean age, 34.3±13.2 years) had no MCE (39%). There were no significant differences 
among the groups with respect to mean age or sex distribution. Five cases with MCE (45%) 
and 6 cases with no MCE (86%) had been operated (p=0.15, two-tailed Fisher’s exact test). 
Cardiac echinococcosis was present in 8 cases with MCE (73%) and in 6 cases with no MCE 
(86%) (p=1.00, two-tailed Fisher’s exact test). Hydatid cyst involvement of both left and right 
pulmonary artery was present in 8 cases with MCE (73%) and in 4 cases with no MCE (57%) 
(p=0.62, two-tailed Fisher’s exact test).  

HERCPH showed a grave prognosis and 2/3 of the patients had a MCE. With respect to 
operation, cardiac echinococcosis and pulmonary artery involvement there were no significant 
difference between the patients with or without MCE. 
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CASE SERIES OF SEVEN WOMEN WITH UTERINE FIBROIDS LEADING TO THROMBOEMBOLIC DISEASE AND CHRONIC 
THROMBOEMBOLIC PULMONARY HYPERTENSION
Vaidya Anjali*[2], Lacharite--Roberge Anne--Sophie[1], Raza Farhan[2], Bashir Riyaz[2], Dass Chandra[4], Toyoda Yoshiya[3], Forfia Paul[2]

[1]Temple University Hospital Department of Medicine ~ Philadelphia ~ United States of America, [2]Temple University Hospital Heart and Vascular Institute ~ Philadelphia ~ United States of America, [3]Temple University Hospital 
Department of Cardiovascular Surgery ~ Philadelphia ~ United States of America, [4]Temple University Hospital Department of Radiology ~ Philadelphia ~ United States of America

Uterine fibroids are a common diagnosis in women of reproductive age, ranging from a 
prevalence approaching 70% in Caucasian women to as high as 80% in African American 
women.  It is well known that women with uterine fibroids are at increased risk of bleeding, but 
it has also been demonstrated that they can be at risk of pelvic deep venous clot formation. VTE 
then increases the likelihood of acute pulmonary embolism (PE) and consequently increases 
the risk of developing chronic thromboembolic pulmonary hypertension (CTEPH).  
The main purpose of this case series is to demonstrate that large uterine fibroids can be a direct 
and unique cause of CTEPH, and thus should be considered a risk factor for this condition. 
These cases also emphasize that the pelvic venous compression from large uterine fibroids is 
reversible after corrective uterine surgery, such as hysterectomy or myomectomy. 
All 7 subjects had clinical, echocardiographic and hemodynamic evidence of right heart failure 

and pulmonary hypertension secondary to CTEPH. Compression of the pelvic veins by fibroids 
was directly observed with invasive pelvic venogram in 3 cases while the others demonstrated 
large uterine fibroids on pelvic imaging. 
All 7 women underwent pulmonary thromboendarderectomy (PTE) followed by marked 
improvement in functional, clinical and hemodynamic status. Additionally, all patients have 
undergone or are awaiting hysterectomy to mitigate the risk for future VTE. 
We report on a unique causative relationship between large uterine fibroids and CTEPH. In 
women with uterine fibroids, a common diagnosis, and clinical signs and symptoms of VTE or 
right heart failure, we want to bring awareness to clinicians of all backgrounds to the correlation 
between such common diagnoses and CTEPH, a life-threatening but curable condition. 
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INITIAL CLINICAL AND HEMODYNAMIC RESULTS OF A REGIONAL PULMONARY THROMBOENDARTERECTOMY PROGRAM
Vaidya Anjali*, Raza Farhan, Lacharite--Roberge Anne--Sophie, Dass Chandra, Bashir Riyaz, Yoshiya Toyoda, Forfia Paul
Temple Heart and Vascular Institute ~ Philadelphia ~ United States of America

Pulmonary thromboendarterectomy (PTE) is the treatment of choice for eligible patients with 
chronic thromboembolic pulmonary hypertension (CTEPH).  However, access to CTEPH and 
PTE care is limited.  There is a paucity of published data on PTE efficacy and outcomes from 
alternative, regional centers of excellence in CTEPH and PTE care in the United States, outside a 
single national and international referral center.   
We report our initial hemodynamic, right heart function, and clinical outcomes data in a cohort 
of CTEPH patients who underwent PTE at our center (Temple University Hospital, Heart and 
Vascular Institute, Philadelphia PA, USA). 
We performed a retrospective review of patients undergoing PTE at our institution from June 
2013 to August 2017 (51 months), and collected clinical, echocardiographic and hemodynamic 
data on our patients pre- and post-PTE (n=100). †=p<0.05
Patients age ranged between 20-83 years (mean±SD: 56±16), with 54% of patients female and 
61% Caucasians.  The predominant symptom was shortness of breath with a median duration 
of symptoms of 17 months.  Following PTE, clinical improvements included a reduction in 
NYHA class from 3.1±1.1 to 2.2±1.2†. There were major improvements in hemodynamics and 
echocardiographic parameters pre- versus post-PTE: mean pulmonary artery pressure (mmHg) 
45±11 to 24±8†, cardiac index (L/min/m2) 2.1±0.5 to 2.8±0.5†, pulmonary vascular resistance 
(mmHg/L/min) 8.9±4.5 to 2.8±1.8†, ratio of right ventricle (RV):left ventricle (LV) 1.2±0.3 to 
0.9±0.2†, RV fractional area change (%) 23±14 to 44±13†, reduction in the incidence of RV 
outflow tract Doppler notching and improved pulmonary artery acceleration time (96% to 30%, 
and 74±19 to 111±21†).  In-hospital mortality was 4% (4 patients). 
Herein, we report the improvements in patient functionality, hemodynamics, right heart function 
and outcomes at a major regional PTE program.
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ENDOTHELIAL PROGENITOR CELLS (EPCS) IN CHRONIC THROMBOEMBOLIC  PULMONARY HYPERTENSION (CTEPH)
Yamamoto Keiko*[2], Nishimura Rintaro[1], Naito Akira[2], Suda Rika[2], Jujo Takayuki[1], Sakao Seiichiro[2], Tanabe Nobuhiro[1], Tatsumi Koichiro[2]

[1]Department of Advanced Medicine in Pulmonary Hypertension, Graduate School of Medicine, Chiba University ~ Chiba ~ Japan, [2]Department of Respirology, Graduate School of Medicine, Chiba University ~ Chiba ~ Japan

Endothelial progenitor cells (EPCs) were discovered by Asahara et al in 1997 as CD34  or 
CD309 positive mononuclear cells in peripheral blood. It is said that they are mobilized from 
bone marrow and contribute to angiogenesis and reparation of endothelium, however, little 
is known about the baseline number and function of circulating EPCs in patients with chronic 
thromboembolic pulmonary hypertension (CTEPH).
To clarify the number and function of circulating EPCs in CTEPH. 
We studied 52 consecutive patients with CTEPH underwent right heart catheterization and 
44 healthy adults (Healthy control group). In patients with CTEPH, 19 patients didn’t have any 
treatments other than anticoagulants (Naïve group), 17 patients had a treatment with riociguat 
(Riociguat group) and 16 patients underwent pulmonary endarterectomy (PEA group). Defining 
EPCs as CD34+/CD133+/CD309+ triple positive cells, flow cytometry was used to quantify 
circulating EPCs. We also evaluated tube formation and the branch points of human pulmonary 
microvascular endothelial cells (hPMVEC) when they were co-cultured with EPCs or cultured 
with the conditioned medium of EPCs.
Regarding the proportion of circulating EPCs, CD34+/CD133+/CD309+ cells were the highest 
in Riociguat group and the lowest in PEA group (% in lymphocytes ; 0.032% vs 0.012 , P = 
0.0190 ) (Figure 1). The tube length and the number of branch points of Riociguat group 
were larger than those of Naïve group. Especially, the number of branch points with EPCs of 
Riociguat group was significantly larger than that of Naïve group (% of hPMEC only; 100.0% vs 
146.7, P = 0.0161) (Figure 2).
Circulating EPCs were reduced in PEA group. Treatment of riociguat may increase the number 
of EPCs and augment their function. 
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PREDICTIVE POWER OF THE RISK STRATIFICATION SCORES FOR PULMONARY HYPERTENSION IN PULMONARY 
EMBOLISM 
Yaylali Yalin Tolga*[1], Yilmaz Samet[1], Senol Hande[1], Tufekcioglu Omac[2]

[1]Pamukkale University ~ Kinikli, Denizli ~ Turkey, [2]Yuksek Ihtisas Training and Research Hospital ~ Ankara ~ Turkey

Risk stratification in pulmonary embolism is more critical than ever before. The risk stratification 
score, which includes Congestive heart failure, Hypertension, Age >75 [doubled], Diabetes, 
Stroke [doubled]- Vascular disease, Age 65-74, and Sex category [female] (CHA2DS2-VASc), is 
associated with the risk of pulmonary embolism (PE). However, whether high CHA2DS2-VASc 
score predicts a higher risk of pulmonary hypertension (PH) remains unknown.
 The aim of the present study was to evaluate the predictive value of the classic risk stratification 
score, CHADS2 and CHA2DS2-VASc scores for PH in patients with PE.
Seventy-nine adults who presented with acute PE, had an admission systolic pulmonary 
artery pressure (SPAP) measured on echocardiogram and no previous history of PE, were 
retrospectively identified from the computerized database. PH was assessed noninvasively. PH 
was defined as SPAP >40 mmHg. The CHADS2 and CHA2DS2-VASc scores were calculated for 

each subject. Statistical analysis was performed using Spearman’s correlation analysis and the 
logistic regression.
SPAP was >40 mmHg in 51 patients (65%), with a mean SPAP of 60 ± 16 mmHg (median=57, 
min - max=41 - 100 mmHg). The predictive value for PH was higher for CHADS2 than for 
CHA2DS2-VASc score (p=0.028, OR:1.572 vs. p=0.029, OR: 1.354). SPAP was positively 
correlated with CHADS2 (p=0.047; r=0.224) and CHA2DS2-VASc (p=0.023; r=0.256) scores. 
SPAP values increased with the severity of the scores.  
SPAP increases with increasing CHADS2 and CHA2DS2-VASc scores. CHADS2 score is better 
predictor for PH than CHA2DS2-VASc score in the acute PE setting. Both scores could be useful 
in the determination of which patients should be closely followed up in order that preventive or 
therapeutic intervention may be applied.
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PRACTICES SURROUNDING PULMONARY HYPERTENSION AND BRONCHOPULMONARY DYSPLASIA AMONGST 
NEONATOLOGISTS CARING FOR PREMATURE INFANTS
Altit Gabriel*, Chong  Lee Henry, Hintz Susan, Tacy Theresa, Feinstein Jeffrey, Bhombal Shazia
Stanford University ~ Palo Alto ~ United States of America

Recent (2015) guidelines endorsed by the American Heart Association (AHA) and the 
American Thoracic Society (ATS) have advocated echocardiography (ECHO) based screening 
for pulmonary hypertension (PH) in premature newborns with established moderate to 
severe bronchopulmonary dysplasia (BPD). Screening strategies, a thorough investigation 
of co-morbidities, and multidisciplinary involvement prior to anti-PH medications have been 
advocated by recent guidelines. 
We sought to evaluate current practices of neonatologists caring for premature infants with PH.   
Electronic survey of American Academy of Pediatrics neonatology members. 
Among 306 neonatologist respondents, 38% had an institutional screening protocol for 
patients with BPD; 83% screened at 36 weeks for premature neonates on oxygen/mechanical 
ventilation. In those practicing more than 5 years, 54% noted increasing numbers of premature 
infants diagnosed with PH. Evaluation for PH in BPD patients included evaluations for micro-
aspiration (41%), airways anomalies (29%), and catheterization (10%). Some degree of acquired 
pulmonary vein stenosis was encountered in 47%. A majority (90%) utilized anti-PH medications 
during the neonatal hospitalization.  
Screening for PH in BPD, and subsequent evaluation and management is highly variable.
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PULMONARY ARTERY HYPERTENSION IS ASSOCIATED WITH DECREASED CARDIAC OUTPUT IN FONTAN PATIENTS 
Aluquin Vincent*[1], Nair Athira[2], Lee William[3]

[1]Penn State Hershey Children’s Hospital ~ Hershey, Pennsylvania ~ United States of America, [2]UCSF Fresno ~ Fresno, California ~ United States of America, [3]Penn State University ~ State College, PA ~ United States of America

The Fontan procedure is a total cavo-pulmonary anastomosis used to palliate children with 
single ventricle physiology. With the pulmonary and systemic circulations surgically placed in 
series, abnormalities in the pulmonary blood flow may result in impaired cardiac performance.  
The presence of pulmonary artery hypertension (PAH) in Fontan patients is associated with 
increased morbidity and mortality.  
Our objective is to correlate trans-pulmonary gradient (TPG) and pulmonary vascular resistance 
(PVR) to cardiac index in Fontan patients
We reviewed demographics and cardiac catheterization data on 118 Fontan patients
The median age of Fontan operation was 36 months and the median age of catheterization was 
102 months. TPG positively correlated with cardiac index (R= 0.23; p=0.01) and PVR (R=0.50; 
p=<.0001).  While PVR negatively correlated with cardiac index (R= -0.34; p= 0.0002). Thirty-
seven patients (31%) had TPG ≥ 6 and had similar cardiac index to those with normal TPG. Ten 

patients (9%) had both TPG ≥ 6 and PVRi ≥3 (PAH group).  The PAH group had lower cardiac 
index (2.4 ±0.7 vs 3.2 ± 1.2; p= 0.037), lower pulmonary blood flow (2.0 ± 0.6 vs 2.9 ± 1.1; 
p=0.002), and higher PVR/SVR ratio (0.15 ± 0.05 vs 0.08 ± 0.05; p=0.0003) compared to non-
PAH group. On multivariate analysis, the presence of PAH was associated with lower cardiac 
index (p= 0.025; OR=0.15) and lower systemic artery saturation (p= 0.018; OR- 0.75).  
When subjects were analyzed based on PVR ≥3 only, this PAH2 group (n=16; 14%) showed 
significantly lower cardiac index (2.2 ± 0.8 vs 3.2 ± 1.2; p=0.0006) compared to non-PAH2 
group. 
TPG and PVR correlated with cardiac index in Fontan patients. Using PVRi ≥ 3 WU.m2 to define 
pulmonary artery hypertension in single ventricle patients will identify a more hemodynamically 
significant pulmonary vascular disease. This supports the putative role of selective pulmonary 
vasodilators in improving cardiac performance in this high risk group. 
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INTRAVENOUS TREPROSTINIL AND OCCULT FRACTURES IN INFANTS: MORE THAN A CASUAL CORRELATION?
Bernier Meghan*, Romer Lewis
Johns Hopkins School of Medicine ~ Baltimore ~ United States of America

Prostanoids are used increasingly in infantile refractory pulmonary hypertension (PH) with 
unknown long-term effects. 
A case series of infants on treprostinil with occult fractures.
We studied our infants on treprostinil, found 3 with fractures, and reviewed echo and lab data 
including work up of metabolic bone disease.
Of 20 patients, 3 had occult fractures found on work up of agitation. All were female with 
Nice Group 3 PH, receiving sildenafil (patients 1 and 3 were also on bosentan), bed-ridden 
on chronic mechanical ventilation and diuretics, and had dietician-managed tube feedings 
and normal vitamin D levels. Patient 1 was 7 months old with left congenital diaphragmatic 
hernia (CDH) and was on treprostinil (up to 26ng/kg/min) since 2 months old. A left humerus 
fracture was found 5 months into this therapy. No change in alkaline phosphatase (ALP) nor 
metabolic bone disease was found. Patient 2 was 4 months old with right CDH who was begun 

on treprostinil at 1 month old, and this was titrated to 21ng/kg/min. Three months later, ALP 
increased over 2 weeks from 469 to 671 units/L (U/L); 2 weeks after peak, right ulna and left 
radius fractures found on radiographs with evidence of early healing. Her parathyroid hormone 
(PTH) was high at 350pg/ml. Expectant management and supplemental calcium carbonate lead 
to resolution. Patient 3 was 12mo with chronic lung disease from birth at 27 weeks gestation. 
Treprostinil was begun at 8 months old and titrated to 39ng/kg/min while on ECMO. Four 
months later, ALP increased from 447 to 470U/L, PTH high at 474pg/ml. A left humerus fracture 
was noted. This was splinted for 3 weeks for comfort and healing with supplemental calcium 
carbonate leading to resolution.
The association between treprostinil use and occult fractures in infants is unreported.  
Unexplained agitation and/or elevated alkaline phosphatase/PTH in these patients may warrant 
investigation for long bone fractures.
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THE CARDIOPULMONARY EXERCISE TESTING IN CHILDREN AND ADOLESCENTS WITH PULMONARY ARTERIAL 
HYPERTENSION.
Cazalas Mariana*, Abella Ines, Tocci Alejandro, Moros Claudio, Sicurello Maria, Vazquez Haydee, Grippo Maria
Argentine Society of Cardiology ~ Buenos Aires ~ Argentina

The utility  of CPET in the diagnosis and follow up of pediatric PH
 To compare the data obtained in the cardiopulmonary exercise testing (CPET) in children and 
adolescents with pulmonary arterial hypertension (PAH) versus healthy children, and  identify 
risk values in this disease for this age group.
 16 patients (p), 6 male, 10 female, performed 39 PECP between May 2012 and February 2017. 
Mean age: 17,5 +- 3,47 (range: 8 -25 years) According to the classification of  Nice 2013, 14 
patients belonged to group 1 and 2 to group 3.  
Group 1: PAH Idiopathic 5 p., corrected congenital heart disease 6 p., congenital heart disease 
1 p., Portopulmonary 1 p., collagenophaty (Lupus) 1 p.  
Group 3: 2 patients  

 These 39 CPET were compared with 215 CPET in healthy children and adolescents observing 
statistically significant differences in all variables. 
7 patients had a peak VO2 mL/kg/min less than 20. (r: 11,52 – 19,73) and VE/VCO2 slope 
higher than 35.(r: 35 -77).  
Two of them died (1 waiting for transplant), changes in medication were made in four of them, 
and one was submitted to surgery.   

CONCLUSIONS:  
1) The variables of the CPET in children and adolescents with  PAH  were altered with respect to 
the normal ones.  
2) Patients with VO2 mL / kg / min peak below 20  and VE / VCO2 slope greater than 35 indicate 
greater severity of the disease, constituting useful values in the evaluation of evolution and 
prognosis.  
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PEDIATRIC PULMONARY HYPERTENSION AT  CHIDREN HOSPITAL “DR RICARDO GUTIERREZ”BUENOS AIRES. ARGENTINA
Cazalas Mariana Elisa*, Grippo Maria, Abella Ines, Vazquez Haydee, Sicurello Maria, Goldsman Alejandro, Sardella Angela, Torres Isabel
Argentine Society of Cardiology ~ Buenos Aires ~ Argentina

Pulmonary arterial hypertension is a rare but serious disease in pediatric patients
To describe our population with pediatric pulmonary hypertension
Retrospective and descriptive study.  
42 Patients (p) with pulmonary hypertension who were admitted at our Hospital between 
August 2000 and August 2017.  
According  Classification of Nice 2013 were excluded Group 3; and according Panama 
Classification were excluded categories 1,2,4,7 and 9.  
The analyzed variables were: gender, age at diagnosis, etiology, functional class at diagnosis, 
presentation symptom, mortality rate and therapeutic scheme.
Female 52%, but idiopathic pulmonary hypertension patients were female 87% 
Median age at diagnosis was 6 years.  
Etiology: Nice 2013 Group 1 40p :8p (19%) Idiopathic PH, 1p (2,3%) familiar PH, 1p(2,3%) 
Connective tissue disease , 3p(7,1%) Portal hypertension, 26p (61,9%) Congenital heart disease, 

1p (2,3%) pulmonary vein stenosis; Group 5 2p: 1p(2,3%) Histiocytosis and 1p(2,3%) sickle cell 
anemia. None from Groups 2 and 4.   
23% had genetic syndrome (100% Down syndrome), all of them with congenital heart disease.  
Functional class at diagnosis: I(1p), II (15p), III(17p), IV(8p)  
The most frequent presenting symptom at diagnosis was dyspnoea. Only 1p was asymptomatic 
at diagnosis. Syncope(6p) was more frequent in patients with idiopathic PH.(5/8p)  
Mortality rate: 16%  
Since 2007 (last 10 years) combination therapy with 2 drugs (15/42p; 35,7%) 
(Phosphodiesterase type-5 inhibitors and endothelin receptor antagonists) and 3 drugs(12/42; 
28,5%) (Ph5i+ERA+ prostanoids) were  the most frequent therapeutics schemes
1)  Functional class at diagnosis show us a late diagnosis of PH 
2) The most frequent etiology was PH associated with congenital heart disease  
3)  Combination therapy was the most frequent therapeutic scheme in the last 10 years.
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PEDIATRIC PULMONARY HYPERTENSION AND CONGENITAL HEART DISEASE. EXPIERENCE AT CHILDREN HOSPITAL “DR. 
RICARDO GUTIÉRREZ” BUENOS AIRES, ARGENTINA.
Cazalas Mariana Elisa*, Grippo Maria, Vazquez Haydee, Goldsman Alejandro, Sicurello Maria, Quilindro Alberto, Sardella Angela, Abella Ines
Children Hospital Dr Ricardo Gutiérrez . Buenos Aires. Argentina ~ Buenos Aires ~ Argentina

Congenital heart disease are the most frequent etiology of pediatric PH at our hospital. 
To describe our experience with Congenital heart Diseases and Pulmonary Hypertension. 

Retrospective and descriptive study. 
26 patients(p) with congenital Heart Disease and Pulmonary Hypertension who were admitted 
at our Hospital  between August 2000 and August 2017.  
They were classified with  Classification of Nice 2013. 13p with CHD not operable received 
specific treatment for PH and were re-evaluated for surgeryl. Ten of them underwent surgery
The analyzed variables were: gender, age at diagnosis, congenital Heart Disease, mortality after 
surgery, genetic síndrome asociated, surgical possibility according with cardiac catheterization, 
pharmacotherapy and evolution.
26 patients (p) with congenital heart disease (CHD): Eisenmenger 3p( VSD,ASD,CAVSD); CHD 
with Left to right shunt but not operable 13p (3p  UV,1p VSD,5p PDA, 1p ASD; 1p CAVSD) 
Coincidental defect 2p(PDA, ASD); Posoperative PH 8p (6p VSD, 1p PDA, 1p Ao Co) 

Sex: Male 11p Fem 15p Genetic síndrome: 10p (38%)  
Age at diagnosis: Eisenmenger 2y and 3 mo; CHD not operable 9y: coincidental defect 2y 
5mo; posoperative PH 10y.   
Patiens with CHD not operable 13p ,went under  surgery 10 p after specific treatment (median 
age 3,5 y), not operable 3p (median age 9y)  
Pharmacotherapy: after surgery: 1p not need treatment, 5p with 2 drugs (Phosphodiesterase 
type-5 inhibitors and endothelin receptor antagonists), 2p 3 drugs (Ph5i, ERA and prostanoids).  
Mortality: Mortality after surgery: short term 0%, long term 10% ( 1 p - 19 months after surgery, 9 
years). Evolution: 6p without posoperative PH; 2p moderate PH; 1p severe PH; 1p died.
1) The age at surgery has an important impact on outcome
2) The new therapies for PH allows us; in the last 7 years , to operate succesfully  chidren with 
congenital heart disease and PH.  
3) The morbidity and mortality are still being high.  
4) Our Knowledge about the management of Pediatric PH and CHD must be improved
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OUTCOMES OF TREATMENTS OF SELECTIVE PULMONARY VASODILATORS AFTER THE TRANSCATHETER CLOSURE IN 
ATRIAL SEPTAL DEFECT WITH PULMONARY ARTERIAL HYPERTENSION 
Choi Jae Young*, Jung  Yoon Kim, Ah  Young Kim, Jo  Won Jung, Se  Yong Jung
Division of Pediatirc Cardiology, Congenital Heart Disease Center, Severance Cardiovascular Hospital, Department of Pediatrics, Yonsei University College of Medicine, Seoul ~ Seoul ~ Korea, Republic of

The clinical course of patient undergoing transcatheter closure (Tc) of atrial septal defect (ASD) 
with severe pulmonary arterial hypertension (PAH) is not well studied.
Our study aimed to demonstrate the fate of PAH after device closure according to the degree 
of pre-procedural PAH 
From May 2005 to Dec 2016, 1593 patients underwent Tc of ASD. Among them, 153 (9.6%) 
patients had PAH at the time of procedure. PAH was classified as mild (40-49mmHg), moderate 
(50-59mmHg), severe (above 60mmHg) according to pulmonary artery systolic pressure (PASP). 
We reviewed the course of the PAH and complications in these subjects. 
In mild PAH group (n=73), fifty-seven patients had normalization after Tc of ASD, and the 
remained patients had normalization within 1 month. In moderate PAH group (n=35), twenty-
seven patients had normalization after Tc of ASD, and seven during follow-up. In severe PAH 

group (n=45), only three (6.7%) patients had normalization after Tc of ASD, and five during 
follow-up, while other 37 patients were treated with selective pulmonary vasodilator. Most 
patients (32 of 37, 86%) experienced improvement of PAH, although intermittent fluctuation of 
PAH with or without medication were observed. Combination therapy was used In 10 patients. 
Drug was changed in 12 cases due to minor side effect (n=5) or combination therapy (n=4) and 
patient preferential. No serious adverse effect of selective pulmonary vasodilator was observed.  
Although mild to moderate PAH related with ASD could be recovered by transcatheter 
closure alone, severe PAH generally tend not restored. However, even in severe PAH, selective 
pulmonary vasodilator after ASD closure is safe and effective treatment modality. Meticulous 
approach with transcatheter closure and selective pulmonary vasodilator is essential for 
successful treatment. 
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COMPARISON BETWEEN PAEDIATRIC AND ADULT PATIENTS WITH PULMONARY ARTERIAL HYPERTENSION
Dardi Fabio*, Manes Alessandra, Palazzini Massimiliano, Zuffa Elisa, Gotti Enrico, Rinaldi Andrea, Albini Alessandra, Monti Enrico, Guarino Daniele, Pasca Filippo, Tanese Nikita, Colangelo Antonio, 
Rotunno Mariangela, Donti Andrea, Galiè Nazzareno
University of Bologna, Department of Specialized Diagnostic and Experimental Medicine – DIMES - Bologna/IT ~ Bologna ~ Italy

Pulmonary arterial hypertension (PAH) is a rare disease characterized by a progressive increase 
of pulmonary vascular resistance leading to right heart failure and death. Comparative data 
between paediatric and adult PAH populations are limited. 
The aim of the present study was to assess current era survival of paediatric PAH patients 
(P-PAH) and to compare it with the survival of adult PAH (A-PAH) patients with similar 
aetiologies.
We included consecutive PAH patients aged ≤18 years (Paediatric) and PAH patients aged >18 
years (Adult) referred from 2002 to December 2016. Due to the epidemiology of paediatric 
PAH we included only idiopathic/heritable PAH (I/H-PAH) and PAH associated with congenital 
heart disease (CHD-PAH). Patients were treated with approved PAH drugs according with recent 
guidelines, irrespective of the age. Survival from diagnostic right heart catheterization (RHC) was 
assessed by Kaplan-Meier curves and comparisons were made by Log-rank test.
140 paediatric and 581 adult PAH patients were included. Considering prevalent and incident 
patients the survival of P-PAH was significantly better than A-PAH (p-value <0.001). However, 
the distance between diagnostic RHC and the first visit in our centre was significantly longer in 
P-PAH patients as compared with A-PAH for both I/H-PAH (31±76 vs 9±33 months; p-value= 
0.034) and CHD-PAH (194±175 vs 56±107 months; p-value <0.001). As a consequence 
immortal time bias may have influenced survival analysis in favour of the P-PAH population. To 
avoid this bias the analysis was restricted to incident patients (distance between diagnostic RHC 
and the first visit in our centre <6 months). We therefore analysed 488 incident patients: 440 
A-PAH (341 I/H-PAH; 99 CHD-PAH) and 48 P-PAH (31 I/H-PAH; 17 CHD-PAH). The comparisons 
are shown in the Figure.
In the current era of approved PAH medications the survival of incident P-PAH and A-PAH 
patients is similar both in I/H-PAH and in CHD-PAH when treated with the same strategy.
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ATRIAL SEPTAL DEFECT FENESTRATED DEVICES IN CHILDREN WITH SEVERE PULMONARY HYPERTENSION
Fournier Anne*, Gonzales--Barlatay Francisco, Raboisson Maire--Josee, Briere Julie, Dahdah Nagib
CHU mere-enfant Sainte-Justine ~ Montreal ~ Canada

Pulmonary hypertension can present in children with atrial septal defects (ASD) but complete 
closure can be risky.  Otherwise children with severe pulmonary hypertension without shunt 
may present with severe symptoms such as syncope and life threatening cardiac events, which 
may need the creation of an atrial shunt. 
To share our experience in two interesting cases of pediatric severe pulmonary hypertension.
We report 2 cases of children, one requiring partial closure of a large ASD and the other 
requiring creation of a decompression atrial shunt.  In both cases a novel device was used. 
A 5-year-old patient with severe pulmonary hypertension and a large secundum atrial septal 
defect benefited from a percutaneous closure of the defect with an Occlutech®custom-
made fenestrated device. Whereas the closure was technically identical to standard atrial 
defect closure, the immediate and midterm beneficial results were obvious with decrease of 
pulmonary pressure and weaning from O2 supplementation. 

A 6 year-old patient who had undergone arterial switch procedure at birth, was diagnosed 
at 4 years old with suprasystemic pulmonary hypertension. Despite combined pulmonary 
vasodilator therapy (tadalafil and macitentan), he experienced exercise induced syncope. 
Familial circumstances precluded the use of IV prostacyclins.  An ASD was created using 
radiofrequency followed by balloon dilatation and completed with deployment of an 
Occlutech® atrial flow regulator (AFR) device.  The patient exhibited improved tolerance to 
daily activity shortely afterweards, did not have relapse of syncope since and did not experience 
significant desaturation neither despite bidirectional atrial shunt.   

In conclusion, fenestrated devices can be used in children to partially close or to create an atrial 
communication in children with severe pulmonary hypertension with good success.
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EPIDEMIOLOGICAL CHARACTERISTICS OF PULMONARY ARTERIAL HYPERTENSION IN THE PEDIATRIC POPULATION. 
REGISTRATION OF A MEXICAN NATIONAL CENTER.
Garcia Humberto*, Covian Emilia, Antunez Sandra Patricia, Melendez Eduardo, Flores Ramon, Salgado Antonio
ISSSTE ~ Mexico ~ Mexico

Pulmonary arterial hypertension (PAH) is a syndrome of diverse etiology and pathogenesis. It is 
undoubtedly the most serious disease affecting the pulmonary circulation, which is a potential 
condition for the development of right heart failure and premature death
To know the epidemiological data of PAH in the pediatric population in a National Reference 
Center
Descriptive, observational and epidemiological study. All the patients who came to the 
Pulmonary Hypertension Clinic were included; during the consultation they were entered 
into an epidemiological database and analyzed during  January  2010 to December  2016. 
Collaborating with the national protocol Remehip with number NCT02252705 of Clinical trial.
gov
A total of 111 patients from our registry were included. The prevalence of our center for the 
PH group was 48 cases per million beneficiaries, for PAH the prevalence was 19.5, and the 

incidence of 9.5 per million insured. Idiopathic PAH had an incidence of 0.9 per million insured. 
The cohort  had a discrete male predominance (52.4%). The main etiology was congenital heart 
disease (67%), followed by idiopathic PAH (24%), mean age 9 ± 4 years. It was documented 
in 52% of the patients FC II and 37.7% FC I. The mean hemodynamic values showed a mean 
pulmonary pressure of 48.5 mmHg, and PVRi 15.8 WU. Specific treatment with bosentan in 
70% of cases as monotherapy (42%) and combination therapy (28%). 59% of cases treated with 
sildenafil alone (19%) and combined (40%). 7% of patients with triple therapy with Iloprost (5%) 
and treprostinil SC (2%). A 5-year survival of 88% is documented.
The relevance of the study is to be the first to describe the situation of this serious disease 
in Mexico, and can be a tool for health programs, being a rare and expensive disease in its 
treatment.
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ECONOMIC EVALUATION AND BUDGET IMPACT ANALYSIS OF A PEDIATRIC PULMONARY HYPERTENSION PROGRAM IN 
MEXICO
Garcia Humberto*[1], Guzman Silvia[2], Gomez  Alvarez Enrique[3], Covian Maria Emilia[3], Olivares Araceli[2], Soto Herman[2]

[1]ISSSTE ~ Mexico ~ Mexico, [2]HS ~ Mexico ~ Mexico, [3]~ Mexico ~ Mexico

In recent years, a significant number of costly oral therapies have been made available for the 
treatment of pulmonary arterial hypertension
To evaluate the clinical outcomes and direct medical institutional health resources and cost 
used of PPH
All patients included in a retrospective cohort were aged under 18 years (yrs.) during 2013-
2015, who had PPH, at pediatric cardiology service in Mexico City. A descriptive retrospective 
study was done by chart review about clinical characteristics symptoms, laboratory, treatment, 
outcomes, and resources utilization. Health care system-related, and clinical factors as 
independent variables. For economic analysis only direct medical costs were considered 
(pharmacologic treatment -divided in two groups, 1) treatment specific: Bosentan, sildenafil, 
ilosprost and macitetan, and 2) others treatments-, surgery, devices, adverse events, laboratory 
studies and hospitalization); an analysis of cost was performed 

A total of 84 patients, 46 female and 38 male, the average of age was 8.6± 4.5 yrs., the media 
interval from diagnosis of PPH was 9 yrs. (range: 0-18) there are no differences gender related. 
PPH was classified as non-idiopathic (if they had other diagnosis) 79 patients (94%), otherwise, 
were considered as idiopathic PPH (5 patients, 6%). Cyanosis was the most frequently symptom 
observed in both gender. The median follow-up was 4.0 yrs (range: 1-20 yrs.) since diagnosis 
of PPH, 3 deaths were identified with  III or IV FC, while the other patients were in a stable 
condition and medical direct costs decreased. The total health care cost was € 3,248,604.24 for 
first year, The most relevant cost in these patients is hospitalization, which represents 65% of the 
total cost, while the pharmacological cost represents 32.5%; Bosentan is the most frequently 
agent used (54/84 patients) its cost represents 27%. 
The economic impact of these patients is high, with hospitalization being the most important in 
the first year of care
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VENTRICULAR ARTERIAL COUPLING RATIO AND VOLUMES CORRELATE WITH RIGHT VENTRICULAR STRAIN AND PREDICTS 
OUTCOMES USING THREE-DIMENSIONAL ECHOCARDIOGRAPHY IN PEDIATRIC PULMONARY HYPERTENSION
Jone Pei--Ni*, Schäfer Michal, Ivy D Dunbar
Children’s Hospital Colorado, University of Colorado School of Medicine ~ Aurora ~ United States of America

Right ventricular (RV) function is an important determinant of outcomes in pulmonary 
hypertension (PH) and RV strain is sensitive in evaluating function.  RV-arterial coupling ratio 
using stroke volume to end-systolic volume (SV/ESV) has been shown to be an independent 
predictor of outcome in adults with PH.  SV/ESV ratio has not been used in pediatrics to predict 
outcomes.  
In this study, we evaluated the relationship of three-dimensional echocardiography (3DE) 
volumes and SV/ESV to RV strain and evaluated SV/ESV as a predictor of outcomes in pediatric 
PH.
Ninety-six children with PH (mean age 8.1 ± 5.2yrs; 45% male) underwent 3DE from 2014-2016.  
Offline analysis generated 3D end-diastolic volume (EDV), ESV, SV, and RV free wall longitudinal 
strain (FWLS).  Adverse clinical events included: death, lung transplant, atrial septostomy, 
Pott’s shunt, intravenous prostacyclin, or PH related hospitalization with increased RV failure 
or hemoptysis.  SV/ESV was compared between patients with and without adverse events.  
Correlations between RV volumes and SV/ESV to RV FWLS were assessed using general linear 
mixed models adjusted for age, sex, and body surface area.  Cox proportional hazards analysis 
assessed the predictive ability of SV/ESV.  
PH patients with adverse clinical events had lower SV/ESV compared to patients without 
events (0.67 ± 0.19 vs 0.90 ± 0.13, p< 0.0001).  There were significant associations between RV 
EDVi, ESVi, and SV/ESV to RV FWLS (r = -0.7, p<0.001; r =-0.72, p<0.003; r = -0.745, p<0.0001 
respectively) (Figure 1).  SV/ESV emerged as a strong predictor of adverse clinical event (HR (CI) 
0.16 (0.02-0.59); p<0.0001).
Increased afterload causes RV dysfunction in pediatric PH patients.  3DE allows for volumetric 
and functional measurements in PH without invasive hemodynamic evaluation or sedation risk 
associated with cardiac magnetic resonance imaging.  RV-arterial coupling ratio is a strong 
predictor of adverse clinical events in pediatric PH.
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COMPARATIVE ANALYSIS OF DETERMINING RISK FACTORS OF PNEUMOTHORAX COMPLICATING PERSISTENT 
PULMONARY HYPERTENSION OF THE NEWBORN IN THAI NEONATES 
Nakwan Narongsak*, Jaroensri Sutthikiat, Kamolvisit Wuttichart
Department of Pediatrics, Hat Yai Hospital ~ Songklha ~ Thailand

Pneumothorax is common urgency complication in the neonatal intensive care unit (NICU) with 
leading to increased risk of death. This morbidity is an increased risk of death (hazard ratio of 
2.07) in persistent pulmonary hypertension of the newborn (PPHN).
To determine the risk factors and outcome of PPHN-associated pneumothorax. 
Infants diagnosed with PPHN at Hat Yai Hospital from January 2012 to July 2017 were 
retrospectively reviewed.
Of the 126 included PPHN infants, 27.8% (35/126) died, and pneumothorax was found in 
44.4%. Pneumothorax was significantly associated with increased mortality with an odds 

ratio (OR) of 5.87 (95% confidence interval (CI) 2.45-14.09). Bilateral pneunothorax was more 
common the left or right affected side  (41.8 vs. 32.7 or 25.5%, respectively) Multivariate logistic 
regression analysis indicated that delta-pressure of > 40 mmH2O in high frequency oscillatory 
ventilator (HFOV) (adjusted OR=5.79 (95%CI 1.82-18.47)  was the main factors associated with 
an increased risk for pneumothorax. 
The incidence of pneumothorax in PPHN was high in this study, and this complication was also 
significantly associated with higher mortality. In PPHN neonates, pneumothorax should be 
especially closely monitored in infant  who receive HFOV with delta-pressure of > 40 mmH2O.
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A CASE OF ATRIAL SEPTAL DEFECT ASSOCIATED PULMONARY ARTERIAL HYPERTENSION RELATED TO EISENMENGER’S 
SYNDROME
Sorimachi Hidemi*, Takama Noriaki, Kurabayashi Masahiko
Department of Cardiovascular Medicine, Gunma University Graduate School of Medicine ~ Maebashi ~ Japan

Treat and repair strategy in patients with atrial septal defect (ASD) and pulmonary arterial 
hypertension (PAH) is new treatment. However, it is unclear that the most critically PAH patient is 
treatable with this strategy. 
 We report a case of ASD-associated PAH (ASD-PAH) related to Eisenmenger’s syndrome, which 
can be treated with repair (ASD closure) by continuous infusion of epoprostenol.
 Thirty-one year old female with untreated ASD suffered from dyspnea. She was diagnosed 
as severe PAH related to Eisenmenger’s syndrome. After initiating triple combination therapy, 
Swan-Ganz catheterization did not show enough improvement (mean PA pressure 51mmHg, 
pulmonary vascular resistance 10.2WU, cardiac index 2.6L/min/m2). Cardiopulmonary exercise 
testing indicated that pulmonary vascular reserve was still remaining. Continuous infusion of 
epoprostenol was initiated.
 The clinical course was shown in Figure 1. Several parameters including Qp/Qs were improved 
by increasing the dose of epoprostenol (60ng/kg/min). As the result, ASD closure was 
successfully performed.
Cardiopulmonary exercise testing is good indicator to determine to initiate aggressive PAH 
treatment. ASD-PAH related to Eisenmenger’s syndrome may have the potential to repair.
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FIRST-IN-CHILD USE OF THE SOLUBLE GUANYLATE CYCLASE STIMULATOR RIOCIGUAT IN PULMONARY ARTERIAL 
HYPERTENSION
Spreemann Till*, Happel Christoph, Bertram Harald, Hansmann Georg
Hannover Medical School ~ Hannover ~ Germany

Riociguat has been approved for use in adults with PAH or chronic thromboembolic pulmonary 
hypertension (CTEPH). No clinical data on its therapeutic in children with PAH are currently 
available. 
We report the case of a 4-year-old boy who initially presented with suprasystemic pulmonary 
hypertension (PH), in WHO FC III with right ventricular (RV) failure, vomiting, peripheral cyanosis, 
and failure to thrive.
The first chest CT indicated interstitial lung disease so the PH type was first assigned as 
group 3 PH. Subsequently, a lung biopsy showed residuals of lung bleeding, dystelectasis, 
megakaryocyte embolisms and broadened alveolar walls.  
Cardiac catheterization revealed severe precapillary PAH: mRAP 3mmHg, RVEDP 9mmHg, 
mPAP 64mmHg, and mean aorta ascendens pressure 62 mmHg, PVRi 19WUxm².   
A combination therapy was started (sildenafil, bosentan, amlodipine). No significant clinical/
hemodynamic improvement on dual therapy was seen, so that the patient was refered to our 
institution.   

A repeat chest CT did not confirm any significant parenchymal lung disease, indicating 
idiopathic PAH (a genetic panel screen was negative for 10 PAH genes). Cath #3: mRAP 
3mmHg, RVEDP 6mmHg, mLAP 9mmHg, PAP 127/103/83 mmHg, mPAP/mSAP ratio 0.81, 
PVR/SVR ratio 1.59, pronounced vasoreactivity (mPAP decreased from 103 to 36 mmHg, PVRi 
from 23.48 to 5.89WUxm²). The patient was switched from sildenafil to riociguat 3x 1 mg PO, 
over 4 months. After six months on bosentan/riociguat, the patient underwent catheterization 
and echocardiography that showed (1) a decrease in PVR/SVR (1.21) and RVEDP (2 mmHg), (2) 
continued vasoreactivity, and (3) a reduction in RA size (6.9 to 6.3 cm²). We subsequently added 
L-arginine orally, to the treatment regimen, with clinically follow up every 3 months. 
Off-label use of oral riociguat, when carefully dosed, may be considered in children with severe 
PAH, especially when not responsive to sildenafil, preferably in a protocol-driven prospective 
study.
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IDIOPATHIC PULMONARY ARTERIAL HYPERTENSION IN PEDIATRICS: VALIDITY OF DOPPLER COLOR ECHOCARDIOGRAM 
FOR THE NON-INVASIVE DIAGNOSIS
Stepffer Carolina*, Marques Adelia, Rancati Julieta, Martinez Ines, Damsky  Barbosa Jesus
hospital elizalde ~ buenos aires ~ Argentina

Pulmonary arterial hypertension (PAH) is characterized by increase in mean pulmonary pressure 
(mPAP)≥25mmhg and pulmonary vascular resistance (PVR)>3UW.m2. Without underlying 
cause it is Idiopathic PAH (IPAH) Echocardiography is the method for detection and screening. 
It allows estimation of pulmonary arterial pressure and asses’ right ventricle (RV) Currently right 
cardiac catheterization (RCC) is Gold Standard for diagnosis. Pediatric patients do not always 
reach the RCC early enough
Define Echocardiography’s role in non-invasive diagnosis of IPAH in Pediatrics, with strong 
clinical suspicion 
Determinate the most sensitive echocardiography parameters and correlate data with RCC  
Cross-sectional observational. Patients (P) aged 1-18 with strong clinical suspicion of IPAH 
(Define with Physical exam, ECG, Chest X-ray) March 2012 to march 2017 
Echocardiograms diagnostic values: tricuspid regurgitation (TR)>40mmhg, pulmonary 
regurgitation (PR)>20mmhg, pulmonary acceleration time (PacT)<100m/seg RV dilatation and 
pulmonary artery (PA) trunk dilatation (z> 2) RV function assessed with TAPSE fractional area and 
TDI tricuspid ring. RCC diagnostic values of IPAH: mPAP ≥25 PVR> 3UW.m2 Wedge <12mmHg  
15 P studied RCC, 13 IPAH mPAP≥25mmHg 86% 1 IPAH borderline mPAP21mmHG 6.6% 1 
non-IPAH 6.6% 
Echocardiogram showed high sensitivity TR 85% PR 78% PacT 92% RV dilatation 92%. We 
defined positive echocardiogram: 3 or+ pathological criteria. Thus, Positive Echocardiogram 
showed sensitivity 92% specificity 100% positive predictive value 100%. No data of RV 
dysfunction was found  
The Doppler Color Echocardiogram is accessible with high sensitivity and specificity. It allowed 
noninvasive diagnosis of IPAH, in strong clinical suspicion  
Most sensitive values were TR, PR, PacT and RV dilation. Positive Echocardiogram 3 or + criteria, 
presented sensitivity 100% positive predictive value 100%. Diagnosis by Echocardiogram of 
IPAH was corroborated by RCC  
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CONGENITAL HEART DEFECT WITH PULMONARY HYPERTENSION: IS POSSIBLE A SURGICAL CORRECTION AFTER 
TREATMENT WITH SILDENAFIL?
Stepffer Carolina*, Marques Maria Adelia, Martinez Ines, De  Dios Ana, Damsky  Barbosa Jesus
hospital elizalde ~ buenos aires ~ Argentina

In patients with congenital heart defects (CHD) and pulmonary hypertension (PH) is dificult to 
predict whether the defect can be repaired despite vascular disease or if surgery should be 
contraindicated, considering irreversible condition 
To predict postoperative course, pulmonary vascular resistance (PVR) pulmonary resistance/
systemic resistance ratio (RP/RS) were analized by cardiac catheterization. Also pulmonary artery 
pressure (PAP) mean and diastolic. Patients classified: “inoperable” or “borderline” to correct 
their CHD  
In recent years, drugs that act on the pulmonary vascular bed such as sildenafil have been 
developed, this has led to a reasonable expectation of transforming patients “borderline” into 
“operable”  

Describe the hemodynamic changes obtained in 4 patients CHD and PH considered 
“borderline” under treatment with Sildenafil
Analized cardiac catheterization and hyperoxia test before and after Sildenafil. Patient 
“borderline” is defined PVR between 9 and 6 UW.m2 and PVR/RS between 0.3 and 0.5, 
“operable” when the values are lower
PVR descending in all patients below 3UW.m2 final value. RP/RS ratio decreased by 0.38. These 
decrease and decrease of diastolic and mean PAP confirmed the categorization of the patient 
as “operable”
Medical treatment with Sildenafil can change the indication of a patient with CHD and PH from 
“borderline” to “operable”, and allow CHD repair 
The parameters currently used for the preoperative categorization are: PVR and RP/RS. The 
diastolic PAP that have been shown to be useful. It might be considered in the future for this 
categorization  
Long-term follow-up will be required to know if the correction of the defect modifies the 
survival, as well as the evolution of PH  
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PHARMACOECONOMIC BURDEN OF PULMONARY HYPERTENSION IN DIFFERENT HEALTH CARE SYSTEMS
Burger Charles D.*, Ghandour Mohamedanwar, Padmanabhan  Menon Divya
Mayo Clinic ~ Jacksonville, Florida ~ United States of America

Pulmonary arterial hypertension (PAH) is a life-threatening disease with poor outcome. Due 
to the expense of treatment, there is increased attention to economic burden on health care 
systems.
Our objective was to review the available literature on the direct prescription drug costs, 
collective burden of PAH and healthcare utilization globally.
We performed a systematic search using multiple databases. Included studies were published 
between 2009 and 2017 to compare the quality of life (QOL), inpatient admission, outpatient 
visits, ER visits, health insurance and the pharmacoeconomic burden on patients among health 
systems worldwide. 28 papers of 1443 articles recognized in the primary search were adequate 
for inclusion and represented 4 global regions (14 papers-United States (US); 3-non-US North 
America; 7-Europe; 4- Asia). 20 papers on the pharmacoeconomic burden of PAH and 8 QOL. 

In the US, the average annual PAH treatment cost was $61,558 ($36,338 for inpatient expenses, 
$8,671 for outpatient visits, $399 for ER visits and $22,456 for drug cost). In non-US North 
America, drug cost ranged $23,228 to $43,862. There was variance in Europe but drug cost 
in Germany was on the high end of the range at $55,336. Representative studies in Asia 
demonstrated annual drug costs of $34680 to $44,878. The QOL was consistently reduced in 
PAH but there was a benefit in functional status globally with sildenafil the most cost effective 
agent. In the US, a reduction in hospitalization may offset the increased drug cost. 
PAH represents a substantial burden on patients and health systems globally. While clinical 
benefit may occur, PAH treatment is not curative and both disease and economic burden are 
significant. Drug costs are problematic and require justification by improvement in hard end-
points of clinical or patient-reported outcomes.
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INTERNATIONAL ENVIRONMENTAL SCAN OF SPECIALIZED PULMONARY HYPERTENSION CLINICS 
Doyle--Cox Carolyn*[1], Nicholson Gail[2], Gin--Sing Wendy[3], Stewart Traci[4]

[1]University of Ottawa Heart Institue ~ Ottawa ~ Canada, [2]Alberta Health Services ~ Alberta ~ Canada, [3]Hammersmith Hospital ~ London ~ United Kingdom, [4]University of Iowa ~ Iowa ~ United States of America

Pulmonary arterial hypertension (PAH), a subcategory of pulmonary hypertension (PH), is a 
rare and progressive disease with no known cure. Despite recent advances in therapy, the 
5-year mortality of patients with PAH remains as high as 40%. Disease management through 
multi-disciplinary community care clinics has been shown to improve patient outcomes in 
many health conditions, i.e.heart failure. The potential benefits of a multi-disciplinary strategy 
include improved utilization and compliance with evidence-based therapies, which may lead to 
increased length and quality of life in people living with PAH.
To assess the range of multi-disciplinary services provided through specialized PH clinics at 
the international level. A team of 4 PH nurses from Canada, the USA and the UK and a PH 
patient living in Canada collaborated to create a survey to capture information on clinic setup, 
patient demographics, specialty physician and nurse availability, treatment protocols, research 
involvement and collaborative care in pulmonary hypertension clinics around the world. 

35 questions available in English, French, Spanish, Russian, Farsi, Korean, Italian, German, and 
simplified Chinese. Centers were identified by the PH Associations in each country and were 
e-mailed the link to the questionnaire detailing the purpose of the study.
The information was collected from over 100 clinics worldwide. Over 126 responses were 
collected across more than 32 countries. The gathered information  will be presented and 
discussion around a more targeted approach for creating and sustaining multidisciplinary 
centers of excellence for optimal treatment and management of PAH.
The survey is the beginning of a larger project. The next steps will be to create a template 
that identifies a PH center of excellence with patient outcomes and quality of life being 
the measuring sticks. Centers that meet all future decided upon criteria will eventually be 
accredited internationally.
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ORAL UPFRONT COMBINATION THERAPY IN PATIENTS WITH CONNECTIVE TISSUE DISEASE-ASSOCIATED PULMONARY 
ARTERIAL HYPERTENSION: FROM A RETROSPECTIVE COHORT STUDY
Ejiri Kentaro*, Akagi Satoshi, Sarashina Toshihiro, Nakamura Kazufumi, Ito Hiroshi
Okayama University ~ Okayama ~ Japan

Patients with connective tissue disease-associated pulmonary arterial hypertension (CTD-PAH) 
have a poor prognosis compared with other aetiologies. Upfront combination therapy by 
pulmonary hypertension specific drugs in patients with CTD-PAH is a promising treatment; 
however, whether a first-line therapy or not is still controversial.
The aim of this study was to investigate mortality and morbidity in newly diagnosed CTD-PAH 
patients.
We compared haemodynamic data between pre-/post oral upfront combination therapy—
endothelin receptor antagonist, phosphodiesterase type 5 inhibitor and/or prostacyclin 
analogue (n = 11, from a retrospective cohort).
Study patients’ mean age was 49 years and female patients were 72%. Underlying CTDs 
included systemic sclerosis (55%), mixed CTD (18%), systemic lupus erythematosus (18%), and 
Sjogren’s syndrome (9%).  
 Significant improvements were observed within 6 month after upfront combination therapy 

comparing to at baseline in the ratio of World Health Organization functional class III/IV 
(73% to 11%, p = 0.022), brain natriuretic peptide (median; 377 to 37 ng/ml, p = 0.048), and 
tricuspid regurgitation pressure gradient in echocardiography (mean; 69.2 to 45.6 mmHg, p 
= 0.005). Improvements in these parameters were consisted until long-term follow-up. At the 
final evaluation (median; 23.6 months), 7 patients had haemodynamic improvement in direct 
measurement by right heart catheter; mean pulmonary artery pressure (mean: 40.3 to 23.4 
mmHg, p = 0.014), pulmonary vascular resistance (mean: 9.8 to 3.0 wood unit, p = 0.021), and 
cardiac index (2.3 to 3.5 L/min/m2, p = 0.013). One patient had worsening haemodynamics 
and other two patients had no follow-up data. One patient died due to pneumonia and overall 
survival estimates for the combination cohort were 91% (median follow-up time 40 months).
This pilot study indicated short- and long-term benefits of oral upfront combination therapy in 
CTD-PAH patients.
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CLINICAL SCIENCE - 13 PATIENTS PERSPECTIVES 
ABSTRACT C79
ASSESSMENT OF LUNG ULTRASONOGRAPHY AS PREDICTOR OF PULMONARY INVOLVEMENT IN A COHORT OF PATIENTS 
AFFECTED BY SYSTEMIC SCLEROSIS COMPLICATED BY EITHER INTERSTITIAL LUNG DISEASE OR PULMONARY ARTERIAL 
HYPERTENSION
Tinazzi Elisa*, Confente Federico, Tacchella Gloria, Patuzzo Giuseppe, Lunardi Claudio
University of Verona ~ Verona ~ Italy

Systemic sclerosis (SSc) is an autoimmune disease characterized by a complex pathogenesis 
and it is well established that pulmonary arterial hypertension (PAH) and interstitial lung disease 
(ILD) is the major cause of death of SSc patients. 
With the aim to analyze the possible role of lung ultrasonography (LUS) as predictor of ILD 
or PAH progression in a cohort of SSc patients, we enrolled 50 SSc patients for a prospective 
longitudinal study. We collected SSc patients data from September 2016 and September 2017. 
The study included 46 females and 4 males classified affected either of limited or diffuse 
SSc (respectively lSSc 65,7% of patients or dSSc 34,3% of patients) according to LeRoy and 
Medsger’s criteria. 
We collected different data of each patient involved in this study, such as age, sex, cutaneous 
fibrosis (estimated by modified Rodnan Skin Score), ANA titre, anti-centromere antibody 
and anti-topoisomerase II antibody, presence of digital ulcers (DUs), ILD and/or PAH and 

capillaroscopic pattern. 
We focalized our attention on the group of patients affected by ILD and/or PAH and 
analysed the results of all instrumental examinations such as pulmonary ultrasonography at 
the enrollment and in the follow-up, transthoracic rest echocardiographic test, right heart 
catheterization, high resolution chest CT (Warrick score for the assessment of the fibrotic 
involvement), pulmonary function tests, 6 minute walking test, capillaroscopy.
Our data showed a significant correlation between LUS and ILD; in particular the presence as 
well as the number of B lines is related both to the extension of interstitial lung involvement 
as defined by Warrick score and by functional tests. No significant relation was demonstrated 
between B lines or pleural effusion and PAH which is indeed related to high levels or rapid 
increase of ANA title, as well as to the “active” and “late” capillaroscopic pattern and the 
presence of hystory or active DUs. 
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