
Diagnosis and Treatment of Pulmonary 
Hypertension



Yoshihiro Fukumoto
Editor

Diagnosis and Treatment  
of Pulmonary Hypertension
From Bench to Bedside



ISBN 978-981-287-839-7    ISBN 978-981-287-840-3 (eBook)
DOI 10.1007/978-981-287-840-3

Library of Congress Control Number: 2016961246

© Springer Science+Business Media Singapore 2017
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #22-06/08 Gateway East, Singapore 189721, 
Singapore

Editor
Yoshihiro Fukumoto
Department of Internal Medicine
Kurume University School of Medicine
Kurume, Japan



v

Preface

Scientific and clinical advances continue progressively in the field of pulmonary 
hypertension (PH). As the accumulated evidence expands, it is important to adapt 
our systems to keep up with the progress. In maintaining established diagnostics 
and therapeutics, we have to go forward with the new advances and their potentials. 
PH, defined as a mean pulmonary arterial pressure (PAP) ≥ 25  mmHg at rest as 
assessed by right heart catheterization, is characterized by elevated pulmonary arte-
rial pressure and increased pulmonary vascular resistance. The classification of PH 
has been updated, in which five major categories of the disorder are classified, 
including (Group 1) pulmonary arterial hypertension (PAH), (Group 2) PH due to 
left heart disease, (Group 3) PH due to lung diseases and/or hypoxia, (Group 4) 
chronic thromboembolic PH, and (Group 5) others.

Especially Group 1, PAH, is caused by small pulmonary artery obstruction due 
to vascular proliferation and remodeling, defined as mean PAP ≥ 25  mmHg and 
pulmonary capillary wedge pressure (PCWP) ≤ 15 mmHg, which is characterized 
by the presence of pre-capillary PH in the absence of other causes of pre-capillary 
PH, such as PH due to lung diseases, chronic thromboembolic pulmonary hyperten-
sion (CTEPH), or other rare diseases. The pathological changes in the pulmonary 
arteries in PAH include endothelial injury, proliferation and hypercontraction of 
vascular smooth muscle cells (VSMC), and migration of inflammatory cells. 
Pulmonary veno-occlusive diseases and/or pulmonary capillary hemangiomatosis 
(Group 1′) should be a distinct category but not completely separated from PAH as 
they share similar characteristics with idiopathic PAH (IPAH) but also demonstrate 
some differences.

Group 4, CTEPH, is caused by mechanical obstruction of pulmonary arteries due 
to residual pulmonary thromboembolism or in situ thrombosis, which may be initi-
ated or aggravated by abnormalities in either the clotting cascade, endothelial cells, 
or platelets. Although inflammatory infiltrates are commonly detected in pulmonary 
endarterectomy specimens, it remains unknown whether thrombosis or platelet dys-
function is a cause or a consequence of the disorder. It has been reported that the 
plasma levels of factor VIII or thrombin-activatable fibrinolysis inhibitor (TAFI) is 
elevated in patients with CTEPH. CTEPH is regarded as a consequence of  pulmonary 
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thromboembolism (PTE) due to venous thromboembolism (VTE); however, the 
occurrence of CTEPH in patients with acute PTE or deep venous thrombosis is rare. 
Thus, it is highly possible that the pathophysiology is different between PAH and 
CTEPH.

PH remains a fatal disease, leading to right ventricular failure and premature 
death. As lifestyle modification, heavy physical activity, or isotonic exercise often 
causes right ventricular failure in patients with PAH/CTEPH, they should be 
avoided. Thus, low-level exercise is recommended in the daily life of those with 
PAH/CTEPH, because a low level of physical training rather improves endothelial 
function, exercise capacity, and quality of life. Further, high altitudes and infections 
should also be avoided, because a high altitude may produce hypoxic pulmonary 
vasoconstriction, and infections are fatal in some patients with PH.

Although significant research progress has been made in the pathogenesis of PH, 
the detailed mechanisms of the disorder remain to be elucidated. Also in a clinical 
situation, significant progress has been made for both diagnosis (e.g., new imaging 
techniques) and treatment (e.g., the new endothelin receptor blockers riociguat or 
selexipag); however, more effective and less-invasive diagnostic and/or therapeutic 
tools should be developed.

Although a detailed accounting of the new findings described in the book is not 
feasible within the narrow confines of this preface, I, as editor, would like to sum-
marize the parts of it briefly. Part I includes the fundamentals of PH: clinical clas-
sification (Prof. Koichiro Tatsumi) and imaging for diagnosis (Drs. Nobuhiro Tahara 
and Yoshihiro Fukumoto). Part II focuses on pathophysiology and genetics: the role 
of microRNA (Dr. Aleksandra Babicheva and Prof. Jason X.-J. Yuan), sex hormone 
(Dr. Kaori Oshima and Prof. Masahiko Oka), Rho-kinase (Dr. Kimio Satoh and 
Prof. Hiroaki Shimokawa), proteinase-activated receptor 1 (Prof. Katsuya Hirano), 
animal models (Dr. Kohtaro Abe), human pathology (Drs. Hatsue Ishibashi-Ueda 
and Keiko Ohta-Ogo), and BMPR2 (Dr. Yoshihide Mitani). Part III describes the 
treatment of PAH: prostacyclin (Dr. Satoshi Akagi), NO-sGC-cGMP pathway (Prof. 
Hiroshi Watanabe and Prof. Quang-Kim Tran), endothelin receptor antagonist (Prof. 
Noriaki Emoto), and lung transplantation (Prof. Hiroshi Date). Part IV features the 
treatment of CTEPH: medical therapy (Prof. Toru Satoh), balloon pulmonary angio-
plasty (Drs. Hiromi Matsubara and Aiko Ogawa), and pulmonary endarterectomy 
(Prof. Hitoshi Ogino). The last section (Part V) focuses on right ventricular function 
(Drs. Kaoru Dohi and Norikazu Yamada and Prof. Masaaki Ito).

This book describes the significant progress in the understanding of PAH and 
CTEPH. Regarding pathophysiology of the disorders, diagnosis, and treatment, sev-
eral new options have appeared in this decade, and some are under clinical trials. 
The usefulness of these new drugs remains to be fully examined in future studies. In 
this book, the experts in the field have written special articles regarding the recent 
progress in their own fields. I am indebted to all authors for their considerable time 
and effort to create high-quality articles and sincerely hope that this book can be a 
great help in the management of PH in terms of clinical classification, pathophysiol-
ogy, genetics, diagnosis, and treatment.

Kurume, Japan Yoshihiro Fukumoto 
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