
Editor’s Memo
Deborah Jo Levine, MD

Guest Editor’s Memo
Oksana Shlobin, MD; Anjali Vaidya, MD

Metabolic Disorders of Pulmonary Hypertension
Estefania Oliveros, MD, MSc; Anjali Vaidya, MD

The Story of Group 5 Pulmonary Hypertension
A. Doran Bostwick, MD; Lana Melendres-Groves, MD

The Myriad Presentations of Sickle Cell Disease-Related 
Pulmonary Hypertension
Clare C. Prohaska, MD; Roberto F. Machado, MD

PH Roundtable: Sarcoidosis and Pulmonary Hypertension
Oksana Shlobin, MD; Anjali Vaidya, MD; Roxana Sulica, MD; Bob 
Baughman, MD; Stacy Mandras, MD

PH Grand Rounds: An Interesting Case of Sarcoidosis-
Associated Pulmonary Hypertension
Kirsten J. Alman, MD; Corey J. Sadd, MD; Michaella M. Reif, MD; Jeffrey 
P. Kanne, MD; James R. Runo, MD

Advances in  
Pulmonary Hypertension
Vol 20, No 2; 2021	 Off icial Journal of the Pu lmonar y  Hyper tens ion  Assoc ia t ion

Group 5 PH:  
A Myriad of Faces

ISSN 1933-088X

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-24 via free access



Advances In Pulmonary Hypertension Editorial Advisory Board
Editor-in-Chief
Deborah Jo Levine, MD
Professor of Medicine, Pulmonary and 

Critical Care
Medical Director Lung Transplantation 
Director of Pulmonary Hypertension 
University of Texas Health Science Center
San Antonio, TX

Editor-in-Chief Elect
Sean M. Studer, MD, MSc
Chief of Medicine
Woodhull Medical Center
New York University
New York, NY

Immediate Past Editor-in-Chief
Harrison W. Farber, MD
Professor of Medicine
Tufts University School of Medicine
Boston, MA

Associate Editor
Jeffrey D. Edelman, MD
Associate Professor of Medicine
Pulmonary and Critical Care Division
University of Washington
VA Puget Sound Health Care System
Seattle, WA

D. Dunbar Ivy, MD
Professor of Pediatrics
University of Colorado
Selby’s Chair in Pediatric Cardiology
Children’s Hospital Colorado
Denver, CO

Richard A. Krasuski, MD
Professor of Medicine
Director of the Adult Congenital Heart 

Disease Center
Director of Hemodynamic Research
Duke University Medical Center
Durham, NC

Ioana R. Preston, MD
Pulmonary Function Lab Director
Director, Pulmonary Hypertension Center
Tufts Medical Center
Associate Professor, Tufts University School 

of Medicine
Boston, MA

International Editor
Marc Humbert, M., PhD
Director, French Pulmonary Hypertension 

Reference Center
South Paris University
Professor of Medicine
Paris, France

Editorial Board
Anna R. Hemnes, MD
Associate Professor of Medicine
Assistant Director, Pulmonary Vascular Center
Vanderbilt University Medical Center
Nashville, TN

Usha Krishnan, MD
Professor of Pediatrics
Columbia University Vagelos College of 

Physicians and Surgeons
Associate Director, Pulmonary Hypertension 

Center
Columbia University Irving Medical Center
New York, NY

Nick Morrell, MD, ScD, FMedSci
Professor of Cardiopulmonary Medicine
University of Cambridge
Cambridge, United Kingdom

Jonathan Rich, MD
Associate Professor in Medicine-Cardiology
Northwestern University Feinberg School of 

Medicine
Advanced Heart Failure and Transplant 

Cardiologist
Northwestern Memorial Hospital
Chicago, IL

John J. Ryan, MD, MB, BCh, BAO
Associate Professor, Department of Medicine
Co-Director, Pulmonary Hypertension Center
University of Utah
Salt Lake City, UT

Oksana A. Shlobin, MD
Associate Professor, Georgetown University 

School of Medicine
Assistant Clinical Professor of Medicine,
Virginia Commonwealth University
Co-Director, Pulmonary Vascular Disease 

Program
Director of Education, Advanced Lung 

Disease and Transplant Program
Inova Fairfax Hospital
Falls Church, VA

Anjali Vaidya, MD, FACC, FASE, FACP
Associate Professor, Medicine
Co-Director, Pulmonary Hypertension, Right 

Heart Failure and CTEPH Program
Temple University
Philadelphia, PA

PHPN Section Editor
Claire Parker, MS, CPNP-AC
Pediatric Nurse Practitioner
Pulmonary Hypertension
UCSF Benioff Children’s Hospital
San Francisco, CA

Program Description
The mission of Advances in Pulmonary 
Hypertension is to serve as the premiere 
forum for state-of-the-art information 
regarding diagnosis, pathophysiology, and 
treatment of pulmonary hypertension 
(PH). The 2018 Nice revision of the 
World Symposium on Pulmonary 
Hypertension (Simmonneu G, 
Montani D, Celermajer DS, et al. 
Haemodynamic definitions and updated 
clinical classification of pulmonary 
hypertension. Eur Respir J. 2019;53(1). 
DOI:10.1183/13993003.01913-2018) 
serves as a guide to categories of PH 
addressed in Advances in Pulmonary 
Hypertension. While focusing on 
Group 1 PH (PAH: pulmonary arterial 
hypertension), the other categories (Group 
2, PH due to left heart disease; Group 3, 
PH due to lung diseases and/or hypoxia; 
Group 4, PH due to pulmonary artery 
obstructions; Group 5, PH with unclear 
and/or multifactorial mechanisms) are also 
addressed. This mission is achieved by a 
combination of invited review articles, 
roundtable discussions with panels 
consisting of international experts in PH, 
and original contributions.

Objectives
•	Provide up-to-date information 

regarding diagnosis, pathophysiology, and 
treatment of PH.

•	Serve as a forum for presentation and 
discussion of important issues in the 
field, including new paradigms of disease 
understanding and investigational trial 
design.

The Scientific Leadership Council of the Pulmonary Hypertension Association
The scientific program of the Pulmonary Hypertension Association is guided by PHA’s Scientific Leadership Council. The Council includes the following health care professionals.

Murali M. Chakinala, MD, FCCP
Chair
Professor of Medicine
Washington University School of Medicine
Division of Pulmonary and Critical Care
St. Louis, MO
Anna R. Hemnes, MD
Chair-Elect
Associate Professor of Medicine
Assistant Director, Pulmonary Vascular Center
Vanderbilt University Medical Center
Nashville, TN
Ronald J. Oudiz, MD
Immediate Past Chair
Professor of Medicine
Director, Liu Center for Pulmonary Hypertension
LA Biomedical Research Institute at Harbor – UCLA 

Medical Center
Torrance, CA
Steven H. Abman, MD
Professor, Department of Pediatrics
Director, Pediatric Heart Lung Center
University of Colorado School of Medicine
Children’s Hospital Colorado
Aurora, CO
William R. Auger, MD
Clinical Professor of Medicine
Lewis Katz School of Medicine at Temple University
Physician, Pulmonary Hypertension, Right Heart 

Failure and CTEPH Program
Temple Heart and Vascular Institute
Philadelphia, PA
Eric D. Austin, MD, MSCI
Associate Professor of Pediatrics
Director, Vanderbilt Pediatric Pulmonary 

Hypertension Program
Vanderbilt University Medical Center
Nashville, TN
Sonja Bartolome, MD
Associate Professor, Internal Medicine
Director, Liver Transplant Critical Care
University of Texas Southwestern Medical Center
Dallas, TX
Todd M. Bull, MD
Professor of Medicine
Director, Pulmonary Vascular Disease Center
Director, Comprehensive Lung and Breathing Program
Associate Head of Clinical Affairs
Pulmonary Sciences and Critical Care Medicine and 

Cardiology
University of Colorado
Denver, CO
Kelly Chin, MD
Associate Professor, Internal Medicine
Director, Pulmonary Hypertension Program
University of Texas Southwestern Medical Center
Dallas, TX

Vinicio A. de Jesus Perez, MD, FCCP, FAHA
Associate Professor of Medicine
Co-Director, Stanford Translational Investigator 

Program
Stanford Adult Pulmonary Hypertension Clinic
Division of Pulmonary and Critical Care Medicine
Stanford University Medical Center
Stanford, CA
Teresa De Marco, MD
Professor of Medicine
Director of Advanced Heart Failure and Pulmonary 

Hypertension
Medical Director of Heart Transplantation
University of California, San Francisco
San Francisco, CA
Ankit A. Desai, MD, FACC, FAHA
Associate Professor of Medicine
Indiana University School of Medicine
Indianapolis, IN
Jeffrey R. Fineman, MD
Professor of Pediatrics
Pediatric Critical Care Specialist
Criterial Care Division Chief
University of California, San Francisco
Benioff Children’s Hospital
San Francisco, CA
Robert P. Frantz, MD
Director, Pulmonary Hypertension Clinic
Professor of Medicine
Mayo Clinic
Rochester, MN
Mardi Gomberg-Maitland, MD, MSc
Director of the Pulmonary Hypertension Program
Medical Faculty Associates
George Washington University, Heart and Vascular 

Institute
Washington, DC
Kristin B. Highland, MD, MSCR
Staff Physician, Pulmonary and Rheumatology 

Departments
Director, Rheumatic Lung Disease Program
Cleveland Clinic
Cleveland, OH
Steven Kawut, MD, MS
Professor of Medicine and Epidemiology
Director, Pulmonary Vascular Disease Program
Perelman School of Medicine at the University of 

Pennsylvania
Philadelphia, PA
Tim Lahm, MD
Associate Professor of Medicine and Cellular & 

Integrative Physiology
Division of Pulmonary, Critical Care, Sleep and 

Occupational Medicine
Indiana University School of Medicine
Indianapolis, IN
Deborah Jo Levine, MD
Professor of Medicine, Pulmonary and Critical Care
Medical Director Lung Transplantation

Director of Pulmonary Hypertension
University of Texas Health Science Center
San Antonio
San Antonio, TX
Lana Melendres-Groves, MD
Medical Director, Pulmonary Hypertension Program
Associate Professor, Department of Internal Medicine
Pulmonary and Critical Care Division
University of New Mexico
Albuquerque, NM
John J. Ryan, MD, MB, BCh, BAO
Associate Professor, Department of Medicine
Co-Director, Pulmonary Hypertension Center
University of Utah
Salt Lake City, UT
Jeffrey S. Sager, MD, MSCE, FACP, FCCP
Director, Cottage Pulmonary Hypertension Center
Santa Barbara, CA
Oksana A. Shlobin, MD, FCCP
Co-Director, Pulmonary Vascular Disease Program
Director of Education, Advanced Lung Disease and 

Transplant Program
Inova Fairfax Hospital
Falls Church, VA
Thenappan Thenappan, MD
Associate Professor of Medicine, Cardiovascular 

Division
University of Minnesota
Minneapolis, MN
Corey E. Ventetuolo, MD, MS
Associate Professor of Medicine and Health Services, 

Policy, and Practice, The Warren Alpert Medical 
School of Brown University

Associate Director, Pulmonary Hypertension Center
Medical Director, Adult Extracorporeal Life Support 

Program
Director of Clinical Research, Pulmonary Division
Rhode Island Hospital
Providence, RI
R. James White, MD, PhD
Professor of Medicine, Pharmacology & Physiology
University of Rochester Medical Center
Rochester, NY
Timothy L. Williamson, MD
Associate Professor of Medicine
Director, Center for Pulmonary Arterial Hypertension
University of Kansas Medical Center
Kansas City, KS
Delphine Yung, MD
Associate Professor
Center for Clinical and Translational Research
Seattle Children’s Hospital
Seattle, WA

Liaisons
Cheri Abbott, RN, CCRP
PH Professional Network Liaison
Chair, PH Professional Network

University of Colorado School of Medicine
Denver, CO
Kimberly Jackson, RN, BSN
PH Professional Network Liaison
Chair-Elect, PH Professional Network
Nurse Cardiovascular Coordinator
University of Kentucky, Gill Heart Institute
Lexington, KY
Nicole Reid, RN, BSN, DABAT
Patient Liaison
Reston, VA

Distinguished Advisors
David B. Badesch, MD
Professor of Medicine
Clinical Director, Pulmonary Hypertension Center
University of Colorado Health Sciences Center
Aurora, CO
Erika S. Berman Rosenzweig, MD
Professor of Pediatrics (in Medicine)
Columbia University Vagelos College of Physicians 

and Surgeons
Columbia University Irving Medical Center
New York, NY
Bruce Brundage, MD
Professor of Medicine Emeritus
David Geffen School of Medicine at UCLA
Bend, OR
Richard N. Channick, MD
Physician, Pulmonary and Critical Care Medicine
Ronald Reagan UCLA Medical Center
Los Angeles, CA
C. Gregory Elliott, MD
Professor of Medicine
University of Utah School of Medicine
Murray, UT
Karen A. Fagan, MD
Chief of Pulmonology, Critical Care
Professor of Internal Medicine and Pharmacology
University of South Alabama
Mobile, AL
Michael D. McGoon, MD
Professor Emeritus of Medicine
Mayo Clinic
Rochester, MN
Vallerie V. McLaughlin, MD
Director, Pulmonary Hypertension Program
Kim A. Eagle, MD, Endowed Professor in 

Cardiovascular Medicine
University of Michigan CVC Cardiovascular Medicine
Ann Arbor, MI
John H. Newman, MD
Elsa S. Hanigan Chair in Pulmonary Medicine
Professor of Medicine
Vanderbilt University School of Medicine
Director, Pulmonary & Critical Care Fellowship Program
Nashville, TN

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-24 via free access



	 Advances in Pulmonary Hypertension	 Volume 20,  Number 2; 2021	 33

adph-20-02-toc  Page 33  PDF Created: 2021-6-10: 3:09:PM

Advances in
Pulmonary Hypertension
Official Journal of the Pulmonary Hypertension Association

	 34	Editor’s Memo 
Deborah Jo Levine, MD

	 34	Guest Editor’s Memo 
Oksana Shlobin, MD; Anjali Vaidya, MD

	 35	Metabolic Disorders of Pulmonary Hypertension 
Estefania Oliveros, MD, MSc; Anjali Vaidya, MD

	 40	The Story of Group 5 Pulmonary Hypertension 
A. Doran Bostwick, MD; Lana Melendres-Groves, MD

	 46	The Myriad Presentations of Sickle Cell Disease-Related Pulmonary 
Hypertension 
Clare C. Prohaska, MD; Roberto F. Machado, MD

	 54	PH Roundtable: Sarcoidosis and Pulmonary Hypertension 
Oksana Shlobin, MD; Anjali Vaidya, MD; Roxana Sulica, MD; Bob Baughman, MD; 
Stacy Mandras, MD

	 60	PH Grand Rounds: An Interesting Case of Sarcoidosis-Associated Pulmonary 
Hypertension 
Kirsten J. Alman, MD; Corey J. Sadd, MD; Michaella M. Reif, MD; Jeffrey P. Kanne, 
MD; James R. Runo, MD

Advances in Pulmonary Hypertension’s Web Platform
Advances in Pulmonary Hypertension is available at www.AdvancesinPH.org. This 
site offers enhanced capabilities including a dedicated DOI and cross-referencing 
potential, as well as other features valuable to practitioners, researchers, and educators. 
Registration is recommended to access all site features and benefits.

P U B L I S H E R
Pulmonary Hypertension Association
Matt Granato, LL.M., MBA, President and CEO

P H A  O F F I C E
Pulmonary Hypertension Association
8401 Colesville Road, Suite 200
Silver Spring, MD 20910
301-565-3004; 301-565-3994 (fax)
Advances@PHAssociation.org

P U B L I S H I N G  O P E R AT I O N S
Kara Kopchinski,
Managing Editor
Allen Press, Inc.

Copyright ©2021 by Pulmonary Hypertension 
Association. All rights reserved. None of 
the contents may be reproduced in any form 
whatsoever without the written permission of 
PHA.

Advances in Pulmonary Hypertension is available 
online at www.AdvancesinPH.org.

Advances in Pulmonary Hypertension is directed to 
cardiologists, pulmonologists, rheumatologists, 
pediatricians, internists, and other health care 
professionals involved in the treatment of patients 
with PH. 

Advances in Pulmonary Hypertension: Official Journal of the 
Pulmonary Hypertension Association is a quarterly publica-
tion directed by an editorial board of renowned pulmonary 
hypertension (PH) experts with oversight by PHA’s Sci-
entific Leadership Council. The mission of Advances in PH 
is to assist physicians in their clinical decision-making by 
informing them of important trends affecting their practice 
and providing an analysis of the impact of new findings 
and current information in peer-reviewed publications. 
Each article is reviewed and approved by members of the 
Editorial Board.

While most articles are invited by the Editorial Board, the 
following submissions will be considered for publication:

·	 Reviews that summarize and synthesize peer-reviewed 
literature to date on relevant topics

·	 Letters to the Editor
·	 Clinical case studies

Submitted manuscripts are reviewed by the Editorial Board 
and other experts in the field. Acceptance of manuscripts 
is determined by factors such as quality, relevance, and 
perceived value to clinical decision-making.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-24 via free access



adph-20-02-06-editor  Page 34  PDF Created: 2021-6-10: 3:09:PM

34	 Advances in Pulmonary Hypertension	 Volume 20,  Number 2; 2021				   DOI:10.21693/1933-088X-20.2.34

E D I T O R ' S  M E M O
Welcome back all. The summer of 2021 
is commencing. As we all step into this 
new season with optimism and antic-
ipation, it is a great time reflect back 
on this challenging last year. I would 
like to thank everyone at PHA, Allen 
Press, and every member of the editorial 
board, guest editor, author and panelist 
who have generously contributed their 
time, effort and expertise in creating 
outstanding issues of Advances, during 
a time when none of us had a lot of 
time. These issues have received some 
of the highest readerships we have seen. 
It is this enduring dedication by staff 
and faculty alike who make this unique 

journal so well-loved in our community. 
Thank you to all.

I would like to congratulate Drs. 
Oksana Shlobin and Anjali Vaidya, the 
co-guest editors of this edition of Ad-
vances. The topic is Group 5 PH, an ever 
changing and ever challenging topic for 
us all. Drs. Shlobin and Vaidya and their 
faculty have met the challenge of orga-
nizing this difficult group of conditions 
into a beautifully written resource which 
touches on the most important sub-
groups in Group 5. The group focused 
the round table and PHGR section 
on Sarcoidosis, a major topic in the 6th 
WSPH. Readers will turn to these doc-

uments when looking for expert view-
points on this controversial topic.

I know you will enjoy this issue of 
Advances. This issue will serve as a great 
resource in 2021 and beyond, as this 
topic will continue to ebb and flow with 
more experience and knowledge.

Deborah Jo Levine, MD
Professor of Medicine, Pulmonary and 

Critical Care
Medical Director Lung Transplantation
Director of Pulmonary Hypertension
University of Texas Health Science Center 

San Antonio
San Antonio, TX

G U E S T  E D I T O R ’ S  M E M O
Group 5 Pulmonary Hypertension 
(PH), i.e. the Miscellaneous Group, is 
a heterogeneous group that includes a 
myriad of conditions that differ in etiol-
ogy and pathophysiology. One can argue 
that Group 5 PH is the most complex 
group in the current classification of 
PH, as, in addition to variability of the 
underlying conditions, the mechanisms 
of superimposed PH differ vastly, mak-
ing a proper diagnosis and management 
more nuanced and challenging.

In this issue of Advances, we are very 
excited to bring to the readers an array of 
topics, covered by the experts in the field 
with particular clinical and research in-
terests in specific forms of Group 5 PH.

Drs. Melendres-Groves and Bostwick’s 
article The Story of Group 5 PH offers 
the readers an overview of the historical 
context of the classification system and 
how Group 5 has morphed into its current 
classification. The paper further succinctly 
describes major subgroups of Group 5 PH 
including hematologic (chronic hemolytic 
anemias, myeloproliferative disorders), sys-
temic and metabolic disorders (Pulmonary 
Langerhans Cell Histiocytosis, Gaucher 
disease, Glycogen storage disease, Neuro-
fibromatosis, and Sarcoidosis), congenital 
heart diseases that do not fall into Group 
1 PAH, and also covers chronic renal 
failure and fibrosing mediastinitis.

The Myriad Presentations of Sickle Cell 
Disease-Related Pulmonary Hypertension 

by Drs. Prohaska and Machado is a com-
prehensive review of the most common 
hemolytic anemia that fall in Group 5 
PH: sickle cell disease. The authors offer 
an insight and guidance into the patho-
genesis, diagnosis, prognosis and treat-
ment of this complex group of patients.

In their article Metabolic Disorders of 
Pulmonary Hypertension, Dr. Oliveros 
and the guest co-editor of this issue Dr. 
Vaidya offer a deeper dive into the two 
metabolic diseases: Glycogen storage 
diseases and Gaucher’s disease. In their 
paper, they also cover a topic of the 
complex relationships between PH and 
thyroid abnormalities.

Sarcoidosis associated pulmonary hy-
pertension (SAPH) was a hot topic during 
the 6th World Symposium on Pulmonary 
Hypertension with a discussion centered 
on whether it should be “housed” in 
Group 3 rather than Group 5 category. 
While the supporters of the move made 
many persuading arguments that in 
majority of the cases, SAPH occurs in the 
setting of a significant parenchymal lung 
disease, at the end, it remained in Group 
5, as there are a number of other etiologic 
processes that can lead to development of 
PH in this group of patients. Dr. Kristen 
Alman and authors offer the readers An 
Interesting Case of Sarcoidosis Associated 
Pulmonary Hypertension describing one of 
such situations in the PH grand Rounds 
Section. The topic of SAPH is further 

discussed in the roundtable with great 
insights from Drs. Roxana Sulica, Stacy 
Mandras, and Bob Baughman, and facili-
tated by the co-editors of this issue.

We hope that the readers will find this 
issue thought provoking, educational 
and practical. It is important for us as a 
PH community to continue the ongo-
ing discussions regarding this complex 
agglomerate of distinct conditions. It is 
our hope that with the increased aware-
ness of Pulmonary Hypertension in 
general, this often under-recognized and 
under-appreciated group will be on the 
forefront of research, as more guidance 
is needed to help clinicians caring for 
these complicated patients.

Oksana Shlobin, MD
Medical Director, Pulmonary Hypertension 

Program
Director of Education, Advanced Lung 

Disease and Transplant Program
Inova Fairfax Hospital
Falls Church, VA

Anjali Vaidya, MD
Associate Professor of Medicine
Co-Director, Pulmonary Hypertension, Right 

Heart Failure, and CTEPH Program
Associate Program Director, Cardiology 

Fellowship
Temple University Lewis Katz School of 

Medicine
Philadelphia, PA
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R E G U L A R  A RT I C L E

Metabolic Disorders of Pulmonary Hypertension

Estefania Oliveros, MD, MSc
Department of Medicine
Division of Cardiovascular Disease
Pulmonary Hypertension, Right Heart 

Failure and CTEPH Program
Temple University Lewis Katz School of 

Medicine
Philadelphia, PA

Anjali Vaidya, MD
Associate Professor of Medicine
Co-Director, Pulmonary Hypertension, 

Right Heart Failure and CTEPH 
Program

Associate Program Director, Cardiology 
Fellowship

Temple University Lewis Katz School of 
Medicine

Philadelphia, PA

There is overlap between pulmonary hypertension and metabolic disorders. Accord-
ing to the 6th World Symposium on Pulmonary Hypertension, glycogen storage 
diseases and Gaucher disease are included in the heterogeneous group 5 pulmonary 
hypertension. This review highlights the known insights into the role of metabolic 
disorders and pulmonary hypertension, including epidemiology, pathogenesis, diag-
nosis, and treatment of pulmonary hypertension. Thyroid disorders have multiple 
mechanisms by which association with pulmonary hypertension have been de-
scribed, and these will also be discussed. Pulmonary hypertension-specific targeted 
therapies and disease-specific therapies have been suggested, and the use alone or in 
combination has variable responses.

INTRODUCTION
The 6th World Symposium on Pulmo-
nary Hypertension proposed to include 
pulmonary vascular resistance ≥3 Wood 
Units in the definition of all forms of 
precapillary pulmonary hypertension 
(PH) associated with mean pulmonary 
artery pressure >20 mmHg.1 Since 
1998, group 5 has undergone signifi-
cant changes from “disorders directly 
affecting the pulmonary vasculature” 
to “miscellaneous” in 2003, until more 
recent updates wherein multiple patho-

physiological processes are included in 
this group.

As part of this heterogenous group, 
metabolic disorders have been recog-
nized to play a role in predominant 
pathophysiological mechanisms related 
to PH. Those include glycogen storage 
disease and Gaucher disease. Thyroid 
disorders, while not specifically included 
in the World Symposium classification, 
have multiple mechanisms by which PH 
association have been described, and 
thus will also be discussed in this review. 

We will describe the epidemiology, 
pathogenesis, and management of these 
metabolic associations of PH (Table 1).

GLYCOGEN STORAGE DISEASE
Glycogen storage diseases are caused 
by genetic alterations of the glycogen 
metabolism leading to deposition of 
glycogen various organs, predominantly 
liver and kidney. There are 11 differ-
ent types of glycogen storage disease, 
varying by enzyme deficiency and 
clinical manifestations. There are PH 
case reports related to glycogen storage 
disease type 1 (von Gierke disease) and 
2 (Pompe disease). Among the varieties 
of glycogen storage disease, PH has pre-
dominantly been described in glycogen 
storage disease type 1.

Glycogen Storage Disease Type 1
In glycogen storage disease type 1, there 
is deficiency of the glucose 6-phospha-
tase enzyme (GSD 1a) or a deficiency 
in the microsomal transport proteins for 
glucose 6-phosphate (GSD 1b). This 
condition is usually diagnosed during 
infancy with hypoglycemia between 
feedings. About 25% of the patients 
with glycogen storage disease are 
thought to have type 1. The incidence of 

Table 1. Epidemiology, Associations, and Management of Metabolic Disorders of PH

Glycogen storage 
disease

Lysosomal storage 
disease

Prevalence of PH 25% in glycogen 
storage disease type 1

30% if Gaucher disease 
is untreated and 7% if 
the disorder is treated

Portocaval shunt Yes Yes

Splenectomy No Yes

Genetic association with PH risk No Yes

Screening of PH by 
echocardiogram recommended

Yes Yes

PH specific therapy Limited experience Limited experience

Key Words—pulmonary hypertension, metabolic disorder, glycogen storage disease, Gaucher disease, 
thyroid
Correspondence: Estefania.oliveros@temple.edu
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glycogen storage disease type 1a is 1 per 
100 000.2 To date, the incidence of PH 
is unknown in glycogen storage disease, 
and only 11 patients with glycogen 
storage disease 1 have been reported 
with PH (Table 2).3-11 Of these, 5 had 
associated conditions that could also 
precipitate PH, including portocaval 
shunts, atrial septal defect, and heredi-
tary hemorrhagic telangiectasia.

Some have hypothesized that patients 
with PH related to glycogen storage 
disease type 1 have similar characteris-
tics to 6th World Symposium Group 1 
PH (pulmonary arterial hypertension) 
because they have elevated serotonin 
levels, a vasoconstrictive amine that 
serves as pulmonary vasoconstrictor and 
growth factor for vascular smooth mus-
cle cells stored in platelets.2 Based on 
this hypothesis, Humbert et al12 collect-
ed plasma serotonin in 13 patients with 
glycogen storage disease 1a, 1 patient 
with severe PH and glycogen storage 
disease 1a, and 16 patients with severe 
PH. Interestingly, plasma serotonin was 
dramatically elevated in the patient with 
glycogen storage disease 1a and PH 
(113.4 nmol/L), compared to cases with 
only severe PH (38.8 ± 7.3 nmol/L) or 
glycogen storage disease 1a (36.8 ± 11.5 
nmol/L). This finding prompted the 

consideration for PH targeted therapy in 
this population. Ueno and colleagues10 
used sildenafil in a 17-year-old patient 
who developed syncope, was diagnosed 
low cardiac output right sided heart fail-
ure, and had improvement of hemody-
namics and biomarkers after 3 weeks on 
single therapy treatment.

Screening for PH by periodic echo-
cardiography has been suggested in 
these groups. The known reported cases 
of glycogen storage disease type 1 and 
PH were in children older than 10 years 
of age. Hence, screening can be timed 
and planned accordingly according to 

guidelines for glycogen storage disease 
for patients 10 years of age and older.2,13

Glycogen Storage Disease Type 2
Li and colleagues14 described one case 
of PH with glycogen storage disease 
type 2 in a 16-year-old girl with severe 
respiratory muscle weakness, leading 
to impaired pulmonary function and 
respiratory failure. She was found to 
have PA systolic pressure 65 mm Hg 
and chronic respiratory acidosis with pH 
7.3 and Pco2 83 mm Hg. They speculat-
ed that severe muscle weakness leading 
to impaired pulmonary function and 
respiratory failure may have precipitated 
PH. Our group has previously described 
mechanisms by which hypercarbia can 
also directly contribute to pulmonary va-
soconstriction and vascular remodeling, 
including via increased hydrogen ion 
concentration and sympathetic nervous 
systemic activation.15

LYSOSOMAL STORAGE 
DISORDER (GAUCHER 
DISEASE)
Gaucher disease is an autosomal reces-
sive inherited disorder characterized 
by lysosomal storage disease in which 
there is a deficiency of the enzyme 
glucocerebrosidase. Consequently, there 
is glucocerebroside accumulation in 
the macrophage-monocyte system and 
organ infiltration, predominantly in the 
bone marrow, liver, and spleen. The adult 
or chronic form (type 1) comprises the 
majority of cases of Gaucher disease, 
compared to the less common infantile 
or acute form (type 2) (Table 3).

Table 2. Reported Cases of Pulmonary Hypertension With Patients With Glycogen Storage 
Disease Type I

Author GSD

Age of PH 
diagnosis 

(year) Sex
Portocaval 

shunt Pathology Survival

Pizzo5 1 16 F Yes Intimal 
fibrosis, 
medial 

hypertrophy, 
plexiform 
lesions

No

Hamaoka7 1 12 F No Fibrous 
occlusion, 
plexiform 
lesions

No

1 16 M Yes N/A No

Ohura8 1 21 F No N/A No

Bolz9 1 4 F No Intimal 
fibrosis

No

Kishnani4 1 24 F No N/A No

Humbert3 1 25 M Yes N/A No

Ueno10 1 17 M No N/A Yes

Torok11 1 14 M No N/A Yes

Table 3. Gaucher Disease

Gaucher disease Type 1 Type 2 Type 3

Age at onset Childhood or 
adulthood

Infancy Childhood or 
adolescence

Pulmonary 
hypertension

Yes Yes Yes

Hepatosplenomegaly Yes Yes Yes

Bone disease Yes No Yes

Neurodegeneration No Yes Yes

Age at death Childhood or 
adulthood

Median 9 months Childhood or early 
adulthood

Ethnic origin Pan-ethnic or 
Ashkenazi Jews

Pan-ethnic Pan-ethnic or 
Norrbottnian type 
from Sweden
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The proposed mechanism of PH in 
Gaucher disease is accentuated basilar 
deposition of glucocerebroside in the in-
terstitium (demonstrated as septal thick-
ening), along with vasculopathy due to 
pulmonary alveolar capillary occlusions 
and fatal bone marrow microemboli.16-18 
Gaucher cells have been identified in the 
pulmonary parenchyma, intracapillary 
beds, patchy infiltrates in the lymphatic 
distribution, intra-alveolar infiltrates, 
and interstitial space (peri-bronchial, 
perivascular and septum).18 The univer-
sal involvement of the pulmonary capil-
laries suggests the systemic nature of the 
disease. Interestingly, however, Gaucher 
disease type 1 has been associated with 
isolated PH, without Gaucher cells in 
the lung parenchyma.

Gaucher disease has indirect mecha-
nisms by which it also contributes toward 
pulmonary vascular disease, as it is also 
associated with splenectomy and liver 
disease, both of which contribute to the 
development of PH. After splenectomy, 
thromboembolism may occur secondary 
to bone marrow infarction and enforce-
ment of capillaries by megakaryocytes 
from extramedullary hematopoiesis. Fur-
thermore, the presence of splenectomy 
in Gaucher disease is strongly associated 
with severe and life-threatening PH; 
in a study by Mistry et al19 all patients 
with severe PH (right ventricular systolic 
pressure 50-130 mm Hg) were asplenic 
compared to only 31% of patients with 
right ventricular systolic pressure <50 
mm Hg (odds ratio 28.8, 95% confidence 
interval 1.6-531.6, P < .001). Removal 
of the spleen, the primary reservoir of 
cell storage, will promote migration of 
mononuclear phagocytes toward other 
tissues, such as liver, skeletal muscle, and 
lung. Hence, there is perpetual remodel-
ing of the vascular wall. Genetic associ-
ations of BMPR2 and ALK1 have not 
shown to be modifiers in Gaucher disease 
type 1.20 Liver involvement is common 
in Gaucher disease, with its severity and 
clinical significance spanning a wide 
spectrum ranging from asymptomatic to 
cirrhosis. Portal hypertension can lead 
to pulmonary artery hypertension, while 
hyperdynamic circulation commonly seen 
in cirrhosis physiology can cause PH due 
to high increased right ventricular cardiac 
output.

The incidence of PH in untreated 
Gaucher disease type 1 is 30%, and it 
can be reduced to 7% in cases receiving 
enzyme replacement therapy.19 Indi-
viduals can develop PH on the basis of 
elevated pulmonary vascular resistance 
and hepatopulmonary syndrome. Elstein 
et al21 studied 134 adults with Gaucher 
disease type 1, and since 7% of the cases 
had PH, they recommended routine 
echocardiographic monitoring of all 
treated and untreated patients with en-
zyme replacement therapy. Risk factors 
for developing PH include female sex, 
splenectomy, angiotensin converting 
enzyme 1 gene polymorphism, acid 
beta-glucosidase gene mutation, poor 
compliance with enzyme replacement 
therapy, and positive family history 
(ie, sibling with Gaucher disease and 
PH).19,20 The severity of Gaucher disease 
does not correlate with severity of PH.22 
Similar to the risk factors for developing 
PH, specific mutations (ie, non-N370S 
mutation of GBA gene), positive family 
history of similar phenotype, ACE 1 
allele), and epigenetic modifiers such as 
female sex or a history of splenectomy 
predict severity of PH.

Enzyme replacement therapy is proven 
to be safe and effective in the treatment 
of Gaucher disease type 1, establishing 
imiglucerase as the current standard 
of care. In PH patients with Gaucher 
disease, the use of enzyme replacement 
therapy and use of PH-targeted therapy 
has been described.16,19 The literature 
has few cases of Gaucher disease type 1 
patients requiring lung transplant related 
to PH and parenchymal lung disease, all 
of them female with prior splenectomy. 
The first case with Gaucher disease type 
1 that underwent lung transplant was 
a 10-year-old patient with extensive 
interstitial lung disease, with Gaucher 
cells by bronchoalveolar lavage.23 Later 
on, Goobie and et al24 and de Boer et al25 
described 2 cases of female patients with 
Gaucher disease type 1 with severe PH 
and splenectomy treated with enzyme 
replacement therapy with imiglucerase 
and PH-targeted therapy with bosentan, 
sildenafil, and epoprostenol. The patients 
underwent bilateral lung transplant, and 
the explanted lungs showed pulmonary 
vascular finding consistent with pul-
monary artery hypertension, without 

Gaucher cells. The lack of Gaucher cells 
was thought to be related to the use of 
imiglucerase in the pretransplant period. 
On the contrary, other authors have 
shown possible, albeit slight, worsening 
of PH with the use of enzyme replace-
ment therapy. Goitein et al26 described 
their experience of symptomatic lung 
involvement in 8 patients with Gaucher 
disease who presented with prominent 
pulmonary symptoms, and from that 
cohort 2 adults treated with enzyme 
replacement therapy demonstrated 
new or worsening PH on the basis of 
Doppler estimated pressure on echo-
cardiogram. The clinical significance of 
this is unknown, and likely minimal, as 
the increases in estimated pulmonary 
artery systolic pressure reported was 
not clear and seemingly ranged from 
approximately 5 mm Hg to 10 mm Hg. 
High resolution computed tomography 
and chest x-ray showed abnormal lung 
architecture despite the use of enzyme 
replacement therapy. Unfortunately, the 
underlying mechanism was unable to be 
elucidated in this report.

THYROID DISEASE
Thyroid disorders are not uncommon 
in patients with PH and may be often 
associated with sudden decompensation. 
The prevalence of thyroid disease in 
patients with PH is elevated, approx-
imately 20% to 35%.27-29 Correlations 
have been described between thyroid 
stimulant hormone and pulmonary 
artery pressure (r = −0.82; P < .001) and 
free thyroxine and pulmonary artery 
pressures (r = 0.85; P < .001).28 The 
physiological effects of thyroid dysfunc-
tion have been associated with poorer 
outcomes in patients with PH.

Retrospective studies have suggested 
an association between thyroid disease 
and the diagnosis30 or therapies31,32 of 
PH, plus several case reports describe 
the associations between PH and 
thyroid disease. There are case series 
to suggest an association with PH and 
hyperthyroidism,33-37 hypothyroidism,27,29 
or elevated antibodies. Zuhur and 
colleagues36 described higher pulmonary 
vascular resistance in 35% of patients 
with Graves disease, 36% of patients 
with multinodular goiters, and 13.5% of 
patients with hypothyroidism.
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A link between autoimmune process-
es and PH has been established, and 
interestingly thyroid disease can also be 
precipitated by autoimmune processes.38 
This has been shown in an observa-
tional study of 63 patients with PH 
who showed evidence of concomitant 
autoimmune thyroid disease in 49% of 
them,39 and the authors found that in 
PH there was a higher prevalence of an-
tithyroglobulin and antithyroperoxidase 
antibodies. There was no chronologic 
relationship between the diagnosis or 
treatment of PH and that of autoim-
mune thyroid disease. Importantly, 25% 
of the patient had first-degree family 
members with autoimmune thyroid 
disease. Yanai-Landau et al40 also found 
40 patients with PH in which 30% had 
antithyroglobulin antibodies. There is 
no clear explanation for this associa-
tion. Additionally, bone morphogenetic 
protein receptor 2 mutations in adults 
and children with PH have been found 
patients with thyroid disease.41

Besides the autoimmune process, thy-
roid disease may also increase catechol-
amine sensitivity, enhance intrinsic pul-
monary vasodilators, reduce pulmonary 
artery compliance, decrease vasoconstric-
tors, and generate high cardiac output 
states that can precipitate PH (Table 4). 
Some of these proposed mechanisms are 
supported by the reduction of pulmo-
nary vascular resistance after euthyroid 
states are achieved.42 Thyroid hormones 
affect growth and maturation of vascular 
cells and tissues, which affect the level of 

plasma membrane and endoplasmic re-
ticulum influence over the calcium AT-
Pase and transcellular membrane flux of 
cations and substrates, and consequently 
affect smooth muscle cells.43 Specific 
thyroid regimens, like methimazole, 
induce immunoregulation by a direct in-
hibitory effect of thyrocytes, proportion 
of T help-like and T suppressor cells, 
that secrete vasoactive agents.44

Other than anecdotal reports, there is 
no clear evidence regarding the use of 
PH-targeted therapy for patients with 
PH and thyroid disease. The use of anti-
thyroid medications, radioactive iodine, 
surgery, or combination of these ther-
apies has demonstrated a reduction or 
normalization in pulmonary artery mean 
pressures.28,34 An observational study 
revealed that 164 patients with mean 
pretherapy pulmonary arterial systolic 
pressure of 39 mm Hg could achieve 
mean posttreatment pressures of 30 
mm Hg after antithyroid medications, 
radioactive iodine, and surgery.27 The use 
of PH-targeted therapy has also been 
described in cases of thyroid dysfunction 
and PH. Menon et al45 described 6 cases 
with hyperthyroidism and autoimmune 
goiter, in which 5 received intravenous 
prostacyclin (epoprostenol) and 1 re-
ceived oral prostacyclin receptor agonist 
(selexipag). These authors concluded that 
targeting prostacyclin pathways was a 
potential risk factor for the development 
of symptomatic thyroid disease, since 
the patients developed Graves disease, 
Hashimoto disease, and thyrotoxicosis.

One of the less common side effects 
of prostacyclin-based PH medical ther-
apy is hyperthyroidism, demonstrated 
with epoprostenol,31 treprostinil, and 
selexipag.46 In the event-driven, phase 
3 trial, Prostacyclin (PGI2) Receptor 
Agonist In Pulmonary Arterial Hy-
pertension (GRIPHON) study, the 
use of selexipag was associated with 
hyperthyroidism in 8 patients in the 
treatment arm (N = 574), compared 
to 0 of the individuals in the placebo 
group (N = 582).46 Others have reported 
a prevalence of 6.7% of thyroid stimu-
lating immunoglobulin negative thyro-
toxicosis in adults with preexisting PH 
treated with epoprostenol.47

CONCLUSION
The data currently available indicate 
that glycogen storage disease and Gau-
cher disease are important metabolic 
disorders that have demonstrated an 
increased risk of PH and are included as 
a group 5 in the 6th World Symposium 
on PH classification. Thyroid disorders, 
while not included in the group 5 clas-
sification, are more prevalent, and have 
been associated with PH via various 
mechanisms. The real incidence of PH 
in these disorders is often unknown, 
although studies suggest PH can be 
common. The management is guided by 
small case reports, series. and observa-
tional studies, but overall treatment is 
directed toward treating the underlying 
disorder.
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Pulmonary hypertension (PH) has historically been categorized into 5 groups based 
on similar pathophysiological mechanisms, hemodynamic characteristics, and thera-
peutic management. Group 5 has evolved over time in concert with our understand-
ing of PH. Currently, it is comprised of diseases leading to PH with unclear and/
or multifactorial mechanisms. We will review the historical context of the classifi-
cation system and how group 5 has morphed into its current classification. We will 
briefly review the diseases encompassed in group 5 and the current understanding 
of the associated pathophysiological mechanism leading to PH. We provide a brief 
review of the diseases of group 5 PH, including the proposed mechanism for PH 
and potential therapies. Group 5 is comprised of a varied group of diseases, and 
the mechanisms leading to PH in this group are complex, multifactorial, and often 
incompletely understood.

INTRODUCTION
The clinical classification system for 
pulmonary hypertension (PH) allows 
for the categorization of associated 
diseases with similar pathophysiological 
mechanisms, hemodynamic character-
istics, and therapeutic management. 
However, classification systems are 
limited by the completeness of our 
understanding and the confines of 
our system. Group 5 allows for these 
limitations by grouping the heterog-
enous diagnoses which lack a clear 
and predominant pathophysiological 
mechanism for the development of PH. 
Included in this group are (1) hema-
tologic disorders: chronic hemolytic 
anemia, including sickle cell disease 
and β-thalassemia, and myeloprolifera-
tive disease; (2) systemic and metabolic 
disorders: Gaucher disease, glycogen 
storage disease, neurofibromatosis, 
sarcoidosis, and pulmonary Langerhans 
cell histiocytosis (PLCH); (3) others: 
chronic renal failure and fibrosing 
mediastinitis; and (4) complex congen-
ital heart disease.1 We will review the 
history of the PH classification system 
and then briefly review the components 
of group 5.

HISTORY OF THE PH 
CLASSIFICATION SYSTEM
Pulmonary arterial sclerosis was first 
described in 1891. It was not until 
1951, in concert with the development 
of right heart catheterization (RHC), 
that hemodynamic variation was noted 
and an elevation in pulmonary pressures 
was coined “primary PH.” Soon after, 
the concepts of vasoreactive PH and 
PH due to overflow of the pulmonary 
circulation from congenital heart disease 
were described.2 In 1973, the World 
Health Organization met in Geneva to 
discuss PH for the first time. After this 
meeting, PH was subsequently classified 
into primary PH or secondary PH de-
pending on the presence of an attribut-
able cause.3

In 1981, a National Institutes of 
Health-funded national registry for 

PH began and allowed for the recogni-
tion of groups of patients with similar 
hemodynamic characteristics, survival, 
demographics, and associated diseases.4 
The Second World Health Symposium 
for PH was not held until 1998, where 
the first clinical classification system the 
Evian classification was proposed. Based 
on data from the PH registry, categories 
were developed which shared similarities 
in pathophysiological mechanisms, clini-
cal presentation, and therapeutic options. 
The Evian classification system divided 
PH patients into 5 familiar categories 
with group 5 consisting of disorders 
directly affecting the pulmonary vascu-
lature (Table 1). Group 5 was then sub-
divided into (1) inflammatory disorders 
including schistosomiasis and sarcoidosis 
and (2) mechanical obstruction including 
pulmonary capillary hemangiomatosis. 
After the Second Symposium, multiple 
case series were published indicating 
new risk factors for PH. For instance, 
splenectomy was found to be associated 
with PH as well as certain hemoglob-
inopathies and metabolic disorders. The 
Third World Symposium on PH in 2003 
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Table 1. The Evian Clinical Classification

1. Pulmonary arterial hypertension

2. Pulmonary venous hypertension

3. �Pulmonary hypertension (PH) associated with disorders of the respiratory system or 
hypoxemia

4. PH caused by chronic thrombotic or embolic disease

5. PH caused by disorders directly affecting the pulmonary vasculature
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evaluated and revised the proposed Evian 
classification scheme incorporating new-
ly associated diagnoses. One of the most 
notable revisions reclassified pulmonary 
capillary hemangiomatosis into group 1 
with pulmonary veno-occlusive disease 
due to similar histological changes and 
clinical risk factors as group 1 PAH, 
despite primarily affecting the capil-
lary and venous system. Group 5 was 
subsequently termed, “miscellaneous,” 
and included sarcoidosis, histiocytosis X, 
lymphangiomatosis, and compression of 
pulmonary vessels (adenopathy, tumor, 
fibrosing mediastinitis).5 Over the years, 
the diseases which occurred concurrently 
with PH continued to expand. At the 
Fourth World Symposium, the Dana 
Point classification scheme allowed for 
further delineation of group 5. Often due 
to the rarity of these diseases causing 
PH, this group provided more of a diag-
nostic differential when more common 
causes of PH had been ruled out. Group 
5 became subdivided into hematologic 
disorders, systemic disorders, metabolic 
disorders, mechanical obstruction, and 
chronic renal failure.6 The most recent 
updates to the clinical classification 
scheme occurred in 2018 at the Sixth 
World Symposium (Table 2).1 Complex 
congenital heart disease such as segmen-
tal disorders, single ventricle physiology, 
and scimitar syndrome were added to 
group 5, as these anomalies are increas-
ingly difficult to define and classify.7

Over the last 20 years, group 5 has 
undergone notable changes. From initially 

being a group of diseases directly affecting 
the pulmonary vasculature, it has mor-
phed into the current category where the 
difficulty in classifying the mechanism 
of disease is the unifying element. Many 
of the diseases in group 5 are rare, or PH 
is an uncommon manifestation of the 
disease. This in part contributes to group 
5 being a less studied, often overlooked, 
and underrecognized group. By its very 
nature, diseases in group 5 may need to 
be reclassified. The evolution of group 5 
mirrors our progressive understanding of 
PH and its associated diseases.1

BRIEF REVIEW OF GROUP 
5: PH WITH UNCLEAR AND/
OR MULTIFACTORIAL 
MECHANISMS
In general, PH is due to increased 
pulmonary vascular resistance to flow, 
increased cardiac output, and/or in-
creased postcapillary pressure. Group 5 
encompasses disorders that cause PH 
through all of these pathways or those in 
which understanding for the pathway is 
incomplete.1,8

5.1 Hematologic Disorders
Chronic Hemolytic Anemia: The 

association of PH with chronic hemolytic 
anemia is both incompletely understood 
and multifactorial. Sickle cell disease is 
complicated by PH in approximately 10% 
of patients through multiple mechanisms 
and is associated with increased mor-
tality. Interestingly, echocardiogram has 
been found to significantly overestimate 

the prevalence of PH in this cohort, and 
RHC is paramount in diagnosing these 
patients. The hemodynamic profile is also 
unique and characterized by increased 
cardiac output and relatively low pulmo-
nary vascular resistance. Among patients 
found to have PH by RHC, both precap-
illary and postcapillary PH are present. 
Proposed mechanisms include an increase 
in cardiac output in the setting of ane-
mia, increased resistance due to throm-
boembolic disease, altered blood viscosity, 
nitric oxide and arginine depletion due to 
free plasma hemoglobin scavenging and 
the effects on endothelial production of 
nitric oxide, chronic inflammation, injury 
from acute chest syndrome, and lastly, an 
increase in postcapillary pressure due to 
restrictive cardiomyopathy.1,9

There is limited data on the associ-
ation of α-thalassemia and PH. Severe 
forms of α-thalassemia, specifically when 
there are 3 alleles affected, are associated 
with PH. β-thalassemia intermedia and 
major are also associated with PH. In 
patients with β-thalassemia intermedia, 
1 gene is affected, and transfusions are 
often not required. PH in these patients 
is thought to be due to chronic low-
grade hemolysis and the subsequent 
depletion of nitric oxide and arginine. In 
patients with β-thalassemia major, there 
are 2 defective genes, leading to more 
severe anemia, and these patients are 
often transfusion dependent. Iron over-
load, from chronic transfusions, plays a 
role in PH in β-thalassemia major by 
causing oxidative stress and endothelial 
dysfunction. Additionally, iron accumu-
lation in cardiac tissues can lead to both 
right and left cardiac dysfunction. Iron 
overload in the lung can additionally 
lead to excess hemosiderin deposits re-
sulting in fibrosis and arterial stiffening. 
Splenectomy increases the risk of PH in 
both forms of β-thalassemia.10–12

Other less common hemolytic pro-
cesses linked to PH include hereditary 
spherocytosis, microangiopathic hemo-
lytic anemia, and paroxysmal nocturnal 
hemoglobinuria.12

Myeloproliferative Disorders: 
Chronic myeloproliferative disorder 
(CMPD) describes a group of diseas-
es where a multipotent hematopoietic 
progenitor cell overproduces a type of 
blood cell without significant dysplasia. 

Table 2. Current Group 5 Classification Scheme

Group 5 pulmonary hypertension (PH) with unclear and/or multifactorial mechanisms

5.1 Hematological disorders Chronic hemolytic anemia

Myeloproliferative disorders

5.2 Systemic and metabolic disorders Pulmonary Langerhans cell histiocytosis

Gaucher disease

Glycogen storage disease

Neurofibromatosis

Sarcoidosis

5.3 Others Chronic renal failure

Fibrosing mediastinitis

5.4 Complex congenital heart disease Segmental PH

Single ventricle physiology

Scimitar syndrome
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The prevalence of PH in patients with 
CMPD is unknown.8,13

CMPD is associated with both pre-
capillary and postcapillary pathology. 
Precapillary causes of PH in CMPD 
include portal hypertension secondary 
to myeloid metaplasia as a complication 
of myelofibrosis and dasatinib, a tyrosine 
kinase inhibitor and frequently used 
treatment for chronic myeloid leuke-
mia. Tumor microembolism can occur 
in CMPD related to translocation of 
megakaryocytes. Megakaryocytes and 
myeloid progenitor cells are larger than 
the alveolar capillary diameter and can 
occlude these vessels leading to obstruc-
tion and secondary microthrombosis.13,14 
It has been proposed that cytoreductive 
therapy may have a role in treatment 
of precapillary PH in patients with 
CMPD. Additionally, there appears 
to be a relationship between elevated 
pulmonary artery pressures and elevated 
platelet counts in myeloid metaplasia 
and essential thrombocytosis. Elevated 
platelet-derived growth factor released 
from activated platelets stimulates 
smooth muscle hyperplasia and is one 
suggested causal mechanism. Addi-
tionally, elevated hemoglobin in poly-
cythemia vera has been associated with 
PH though not fully established. Last, 
pulmonary veno-occlusive disease can 
occur and can be secondary to CMPD 
or secondary to treatment of the CMPD 
with cytotoxic chemotherapy and hema-
topoietic stem cell transplant.13

In addition to pulmonary arterial 
pathology in patients with CPMD, 
patients also demonstrate findings 
consistent with chronic thromboembolic 
PH (CTEPH). CTEPH is most often 
linked to polycythemia vera and essen-
tial thrombocytosis. Both diseases can 
lead to a thrombophilic state. In poly-
cythemia vera, the elevated hemoglobin 
levels lead to hyperviscosity and distur-
bances in blood flow increasing platelet 
activation. Blood cell aggregates in both 
polycythemia vera and essential throm-
bocytosis can induce platelet activation 
and thrombosis in small vessels. Addi-
tionally, spontaneous erythropoietin-in-
dependent erythroid colony formation as 
seen in polycythemia vera, particularly in 
the hepatic veins, increases thrombotic 
risk. Unlike the association with elevated 
platelet counts and PH in precapillary 
disease from essential thrombocytosis, 
the degree of thrombocytosis has not 
been found to be associated with risk for 
thrombosis in CTEPH.13

5.2. Systemic and Metabolic Disorders
PLCH: PLCH is a rare smoking-re-

lated interstitial lung disease predomi-
nantly affecting young adults (Figure 1). 
PH is a known complication of PLCH 
and tends to occur in more severe 
disease. The mechanism is incompletely 
understood and appears multifactori-
al. Based on histologic evidence both 
pulmonary arterial remodeling and 
postcapillary involvement are noted. 

A decline in the diffusing capacity of 
the lungs for carbon monoxide can be 
indicative of the development of PH 
in these patients. Vasodilator therapies 
may improve World Health Organiza-
tion functional class in this population. 
However, due to the histologic evidence 
of venule involvement in those with PH 
associated with PLCH, there is a poten-
tial risk for pulmonary edema related to 
vasodilator therapy, and their use should 
be approached with caution. Ultimately, 
patients may benefit from lung trans-
plantation.15,16

Gaucher Disease: Gaucher dis-
ease is an inherited lysosomal storage 
disease caused by a defect in the gene 
encoding β-glucocerebrosidase. Lack of 
functional β-glucocerebrosidase leads 
to an accumulation of lipid in reticu-
loendothelial cells. These lipid-laden 
cells are predominantly macrophages 
and accumulate in the liver, spleen, 
bone marrow, brain, and lungs. Addi-
tionally, these lipid-laden cells activate 
macrophages leading to the release of 
cytokines and lysosomal proteins. Three 
major forms of Gaucher disease have 
been described. Type 1 is associated 
with PH.17 The exact mechanism is 
unclear, though splenectomy, female 
sex, family history of Gaucher disease 
complicated by PH, and lack of treat-
ment with enzyme replacement therapy 
are risk factors. Fortunately, enzyme 
replacement therapy has effectively 
reduced the need for splenectomy in 

Figure 1: 33-year-old female with pulmonary Langerhans cell histiocytosis by biopsy complicated by severe pulmonary hypertension. Computed 
tomography images with thin-walled, irregular cysts, architectural distortion of the lungs, and small nodules. Initiated on sildenafil, macitentan, 
and intravenous trepositinil with improvement in pro B-type natriuretic peptide and 6-minute walk. Referred for lung transplant evaluation.
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these patients with an expectant decline 
in associated PH. One case series 
reported favorable outcomes in patients 
with Gaucher disease complicated by 
PH who were treated with enzyme re-
placement and occasionally pulmonary 
vasodilators.18

Glycogen Storage Disease: Glyco-
gen storage disorders are characterized 
by abnormal glycogen deposit due to 
deficiencies in enzymes responsible for 
the storage or breakdown of glycogen. 
This leads to hypoglycemia, hyperlip-
idemia, hepatomegaly, myopathy, and 
growth retardation. The type of glyco-
gen storage disorder is associated with 
the particular enzyme deficiency.8 While 
PH has been reported in multiple types 
of glycogen storage disorders, it is most 
commonly associated with type 1a.8.19,20 
A clear causal mechanism has not been 
established. Pathology indicates plexi-
form lesions, intimal fibrosis, and medial 
hypertrophy consistent with precapillary 
PH. An increase in serotonin levels in 
these patients has also been described 
and thought to play some role in the 
causal pathway.19,20

Neurofibromatosis: Neurofibro-
matosis type 1 (NF1) is an autosomal 
dominant genetic disorder leading 
to the loss of neurofibromin. Neuro-
fibromin has a known role in tumor 
suppression, and without it, there is 
constitutive activation and deregulation 
of pathways involved in cell prolifer-
ation and differentiation. The classic 
skin findings include café au lait spots, 
axillary and inguinal freckling, and 
dermal neurofibromas. These patients 
are predisposed to tumors, malignancy, 
learning disabilities, epilepsy, and less 
commonly, interstitial lung disease. Car-
diac abnormalities include atrial septal 
defects, ventricular septal defect, mitral 
and aortic insufficiency, hypertrophic 
cardiomyopathy, and intracardiac tu-
mors. Vascular lesions are severe though 
less common and cause renovascular 
hypertension, myocardial infarction, 
cerebral infarction, and ischemic bowel 
disease. PH is a rare but severe compli-
cation of NF1.21

Diagnosis of PH typically occurs 
late in the course of NF1 (50–65 years 
old) despite full penetrance by age 5 
and in contrast to other heritable forms 

of pulmonary arterial hypertension 
(PAH). Like many forms of PAH, it 
has a female predominance. Unfortu-
nately, based on case reports, it appears 
PAH-specific treatments have limited 
benefit in the population. In part, this 
may be related to the limited informa-
tion on this disease process, as well as 
multiple causal pathways for PH in this 
population beyond pulmonary arterial 
remodeling including lung parenchymal 
disease, skeletal deformities leading to 
restrictive lung disease, left heart disease, 
as well as reports of pulmonary capil-
lary hemangiomatosis and pulmonary 
veno-occlusive disease. Because of this 
and the high associated mortality after 
diagnosis, early referral for lung trans-
plant assessment is recommended. The 
decision to pursue transplant must be 
coupled with the understanding that 
immunosuppressive therapy required 
posttransplant will increase the risk of 
cancer for these patients.21

Sarcoidosis: Sarcoidosis is a multi-
system granulomatous disease which 
is thought to develop due to the in-
terplay of extrinsic antigen exposure, 
human leukocyte antigen (HLA) class 2 
molecules, and T-cell receptors. Genetic 
susceptibility may relate to carriage of 
particular HLA genes. Because there 
are no specific findings unique to sar-
coidosis, it is a diagnosis of exclusion. 
Lung involvement is present in more 
than 90% of diagnosed patients, though 
presentations are variable and include 
restrictive disease, airflow obstruction, 
thoracic adenopathy, and parenchymal 
disease.22 Consistent with the variable 
presentation of sarcoidosis, PH in pa-
tients with sarcoid can be a consequence 
of a variety of factors including paren-
chymal lung disease, extrinsic compres-
sion of pulmonary vessels from ade-
nopathy, direct myocardial involvement, 
granulomatous arteriopathy, pulmonary 
veno-occlusive disease, and portopulmo-
nary hypertension. Because of this, sar-
coidosis is classified as group 5 despite 
characteristics consistent with group 3.1 
The diagnosis of sarcoid-associated PH 
increases morbidity and mortality. The 
utility of vasodilator therapy is unclear 
and, because of the multifactorial nature 
of disease, likely varies based on the 
patient's particular phenotype.8,23

5.3 Others
Chronic Renal Failure: Patients 

with chronic kidney disease (CKD) and 
with end-stage kidney disease main-
tained on long-term hemodialysis have 
an increased propensity to develop PH. 
Additionally, in this population, PH is an 
independent predictor of mortality. The 
underlying mechanisms to develop PH 
are multiple, though postcapillary PH 
is the predominant phenotype. Patients 
can have increased postcapillary pressure 
in the setting of left heart disease and 
volume overload.24,25 Large arteriove-
nous fistulas, particularly with shunt 
flow greater than 2 L/min, can also lead 
to elevated pulmonary pressures in the 
setting of high cardiac output and excess 
pulmonary arterial flow.25 Concomitant 
renal anemia can contribute to high out-
put states. Lastly, precapillary PH may be 
present in dialysis patients, particularly 
with chronic uremia, due to impaired 
endothelial function, decreased bio-
availability of nitric oxide, and increased 
levels of endothelin.8,24 One prospective 
trial found that precapillary PH was only 
found in patients undergoing dialysis, as 
opposed to those with CKD not re-
quiring renal replacement therapy. They 
also found an elevated transpulmonary 
gradient (>12–15 mmHg) signified a 
precapillary component regardless of 
volume status.24

Management of patients with PH 
in the setting of CKD with or without 
dialysis largely depends on the driving 
mechanism. Optimizing volume status 
with dialysis or diuretics, adequate iron 
and erythropoietin supplementation, 
maintaining acceptable calcium-phos-
phate levels, as well as shunt revisions in 
patients with high flows through their 
arteriovenous fistulas are all potentially 
useful interventions in this population to 
decrease pulmonary pressures.8,24,25

Fibrosing Mediastinitis: Fibrosing 
mediastinitis is a rare disease resulting 
from progressive fibrosis leading to 
compression of mediastinal structures. 
In North America, fibrosing medias-
tinitis is most associated with pulmo-
nary histoplasmosis but can complicate 
several granulomatous diseases including 
sarcoidosis and tuberculosis. It has also 
been reported with several fungal in-
fections including aspergillosis, blasto-
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mycosis, mucormycosis, cryptococcosis, 
coccidioidomycosis, and infection with 
Wuchereria bancrofti. Lastly, autoimmune 
diseases, including rheumatoid arthri-
tis and systemic lupus erythematosus, 
Behçet disease, mediastinal radiation, 
and silicosis, and specific drugs have 
been implicated in the development 
of fibrosing mediastinitis.26–29 Fibrotic 
compression of the pulmonary artery 
and veins can lead to PH (Figure 2). 
Most patients demonstrate precapillary 
PH, though occasionally postcapillary 
PH is described likely due to significant 
occlusion of pulmonary veins. Depend-
ing on the area of involvement, pulmo-
nary artery stenting is a potential treat-
ment, though duration of benefit may 
be limited by stent stenosis.28 Targeted 
PAH therapies have been attempted, 
but data are limited to case reports, 
and in some cases, vasodilators can 
lead to worsening oxygenation if lung 
parenchymal involvement or pulmonary 
venous involvement is extensive.29 In 
patients with fibrosing mediastinitis 
due to histoplasmosis, biopsy demon-
strated accumulation of CD20-positive 
B lymphocytes.30 Subsequently, 1 case 
series used rituximab in 3 patients with 
fibrosing mediastinitis due to histoplas-
mosis with reduction in lesion size and 
metabolic activity.31

5.4 Complex Congenital Heart Disease
The last category in group 5 is complex 
congenital heart disease. This group is 
divided into patients with segmental 

PH, single ventricle physiology, and 
scimitar syndrome. Segmental PH 
includes those with differential blood 
flow through the pulmonary circulation 
due to an isolated pulmonary artery 
of ductal origin, an absent pulmonary 
artery, pulmonary atresia, or hemitrun-
cus. Single ventricle patients are in-
cluded regardless of operable status. 
These patients are unique given variable 
blood flow depending on their age, 
completion of Blalock-Taussig Shunt, 
Glenn procedure, or Fontan procedure. 
Additionally, the chronic nonpulsatile 
pulmonary circulation induces a form of 
PH that is dissimilar to other diseases 
associated with PH and may develop 
despite a relatively low mean pulmonary 
artery pressure.7 Scimitar syndrome is 
a rare congenital cardiovascular defect 
with partial anomalous pulmonary 
venous connection. Typically, this occurs 
on the right, and these pulmonary veins 
drain into the inferior vena cava. The 
right lung is frequently hypoplastic and 
receives its blood supply from systemic 
arteries.32 At this point, there is in-
sufficient data showing that targeted 
therapies are safe and efficient in this 
population.7

CONCLUSIONS
Group 5 is an evolving, complex, and 
varied group of disorders causing PH. 
In general, this group is less well un-
derstood and varies from rare diseases 
to relatively common diseases such as 
CKD. Ongoing investigation into the 

mechanism of disease for group 5 will 
further unlock the intricacies of PH. Be-
cause of the multifactorial mechanisms 
that cause PH in this group, treatment 
modalities for these patients are varied 
and at times lacking. However, in all 
underlying diseases, PH often worsens 
morbidity and mortality and is import-
ant to evaluate and optimize. In general, 
pulmonary vasodilators are of limited 
utility in this group and should be used 
cautiously by providers with experience 
in both the mechanism of disease and 
pulmonary vasodilators.
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Background: Sickle cell disease (SCD) is characterized by repeated episodes of 
hemolysis and vaso-occlusion. Hemolysis is a risk factor for the development of 
pulmonary hypertension (PH), and currently SCD-related PH is classified as World 
Health Organization group 5 PH. Patients with SCD-related PH have unique he-
modynamics, comorbidities, and phenotypes that may contribute to the development 
of PH.
Implications for Clinicians: SCD-related PH is defined as a mean pulmonary 
artery pressure >20 mm Hg, a pulmonary artery occlusion pressure ≤15 mm Hg 
and relatively low pulmonary vascular resistance (PVR) (>160 dynes·sec/cm5 rather 
than the typical definition of ≥240 dynes·sec/cm5), an important distinction because 
of a baseline high-cardiac output state in the setting of chronic anemia and low 
vascular resistance. Diastolic dysfunction is common, and right heart catheterization 
is warranted to determine if combined precapillary and postcapillary PH is present. 
Thromboembolism is common among patients with SCD, and screening for chronic 
thromboembolic pulmonary hypertension is essential. There are few studies eval-
uating advanced therapies in this population. The mainstay of treatment includes 
targeting correction of their primary hemoglobinopathy as well as aggressive man-
agement of underlying comorbid conditions.
Conclusions: SCD-related PH is common among patients with SCD and is 
associated with increased mortality. A high index of suspicion is warranted during 
evaluation to identify all potential factors that may be contributing to disease.

INTRODUCTION
Sickle cell disease (SCD), one of the 
most common genetic diseases in the 
world, is caused by a E6V missense 
mutation in the β globin gene leading 
to the formation of sickle hemoglobin 
(HbS), a variant of normal adult hemo-
globin (HbA).1,2 In hypoxic conditions, 
HbS abnormally polymerizes, leading 
to sickling of erythrocytes; the extent of 
sickling is the primary determinant of 
the severity of SCD.3 SCD is charac-
terized by 2 main pathologic events: 
hemolysis and recurrent vaso-occlusive 
crises. Over time, repeated episodes 
contribute to decreased quality of life, 
multiorgan system failure, and prema-
ture death. The acute chest syndrome 
and pulmonary hypertension (PH) are 

the most common causes of death in 
this population.4-7

PH is currently defined as a mean 
pulmonary artery pressure (mPAP) 
measured by right heart catheterization 
(RHC) as >20 mm Hg.8 Individuals 
with SCD may develop PH with prima-
ry vascular involvement (World Health 
Organization [WHO] group 1, or pul-
monary arterial hypertension [PAH]), 
secondary to left heart disease (group 
2 PH), secondary to interstitial lung 
disease or pulmonary fibrosis (group 3 
PH), or because of chronic thrombo-
embolic PH (CTEPH, or group 4 PH). 
Because of these myriad presentations, 
PH related to SCD is currently listed in 
group 5 in the clinical classification of 
PH.

Epidemiology and Prevalence of SCD
Between 300 000 and 400 000 indi-
viduals are born annually with SCD 
worldwide,9 and around 100 000 indi-
viduals in the United States live with 
the disease.10 Individuals with one copy 
of HbS are protected against severe 
forms of Plasmodium falciparum malaria; 
therefore, the βs allele is found more 
frequently in sub-Saharan Africa, parts 
of the Mediterranean, the Middle East, 
and India.9,11,12 Approximately 1 in 360 
African American newborns has SCD.13 
Despite nearly 100 years of research, 
the natural history of SCD remains 
poorly described. Mortality rates have 
improved over the past 60 years, but the 
median age at death remains unaccept-
ably low: between 42 to 53 years for 
men and 48 to 58.5 years for wom-
en.5,14,15

PATHOPHYSIOLOGY
Hemoglobin is a tetrameric protein 
comprised of various combinations of 
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globin subunits. HbA, the most abun-
dant hemoglobin, is comprised of two 
α and two β globin subunits; with a 
single point mutation in subunit β, HbS 
is produced. Individuals heterozygous 
for sickle hemoglobin are considered to 
have sickle cell trait rather than SCD. 
Individuals homozygous for sickle 
hemoglobin have sickle cell anemia.16 
Other forms of SCD include heterozy-
gous combinations of HbS with hemo-
globin C, HbS with β-thalassemia or 
HbS with other beta-globin variants; 
therefore, SCD is an umbrella term used 
to describe any form of disease in which 
there is enough HbS to cause significant 
intracellular sickling.17

Under hypoxic conditions, cells 
containing homozygous sickle hemo-
globin polymerize, changing the shape 
and physical properties of the erythro-
cyte, leading to hemolysis and repeated 
episodes of vaso-occlusion. Compared to 
HbA, HbS has reduced oxygen affinity; 
this exacerbates polymerization of HbS. 
Through interactions with deoxygen-
ated beta-globin subunits, hemoglobin 
oxygen affinity is further reduced.18 Low 
HbS oxygen affinity kinetically favors an 
increase in the fraction of deoxygenated 
HbS, a form that readily polymerizes, 
which further promotes HbS polymer-
ization and sickling of erythrocytes. HbS 
polymerization correlates exponentially 
with the concentration of HbS within 
the erythrocyte. Repeated episodes of 
HbS polymerization and sickling in low 
pO2 conditions and unsickling in high 
pO2 conditions may lead to severe alter-
ations in erythrocyte membrane structure 
and function, which eventually result in 
an irreversibly sickled cell.19-22

Hemolysis releases plasma-free 
hemoglobin that inactivates nitric oxide 
(NO), an intrinsic vasodilator, as well as 
arginase-1, which depletes L-arginine, 
the substrate for NO synthesis.23-25 As a 
result, there is decreased NO bioavail-
ability and resistance to NO-dependent 
vasodilation.25 There is also accumula-
tion of redox-active heme and iron from 
lysed red blood cells, which contributes 
to the generation of reactive oxygen 
species that can exacerbate thrombosis 
and vascular proliferation.26

There is a correlation between the 
rate of hemolysis and levels of procoag-

ulant factors in blood in patients with 
SCD.27-29 Hemolysis and decreased 
NO bioavailability induce platelet and 
tissue factor activation and thrombin 
generation, which induce a procoagu-
lant state.30,31 Patients with SCD are at 
high risk for pulmonary embolism,32 
and microthrombotic and/or thrombo-
embolic lesions are common findings 
as postmortem examination in patients 
with SCD.33,34

Splenectomy in SCD
Many individuals with SCD have 
functional asplenia. In fact, splenectomy 
has been identified as an independent 
risk factor for the development of PH, 
particularly in patients with under-
lying hemolytic disorders.35-38 Loss 
of splenic function may also trigger 
platelet activation, promoting pulmonary 
microthrombosis and red cell adhesion 
to the endothelium.39 Furthermore, after 
splenectomy, the rate of intravascular 
hemolysis increases.29

The Effect of Anemia on Cardiac Output
Hemolysis and anemia appear to have 
a synergistic effect on the heart and 
systemic and pulmonary vasculature. 
Anemia leads to decreased blood oxygen 
content, which causes a high cardiac 
output state; this is necessary to main-
tain oxygen delivery and is characterized 
by increased stroke volume, primarily 
from decreased blood viscosity. In this 
high-output state, patients with SCD 
are more sensitive to changes in hemo-
globin concentration and less able to 
compensate to stressors from a cardiac 
output standpoint. Elevated cardiac 
output leads to the development of 
ventricular dilation, hypertrophy, and 
wall stress.40-44 If anemia is corrected via 
transfusion, cardiac output returns to 
normal and systemic vascular resistance 
increases.42

In individuals with severe anemia, 
particularly those with underlying car-
diopulmonary disease, anemic hypoxia 
can occur because of the decreased 
ability of blood to transport oxygen and 
participate in gas exchange. There is a 
strong correlation between the severity 
of hemolytic anemia and decreasing 
arterial hemoglobin saturation, likely 
because of increased cardiac output 

and altered perfusion of the pulmonary 
vasculature, which may lead to impaired 
ventilation-perfusion matching.45,46

Two Primary Phenotypes of SCD
There appears to be 2 distinct SCD 
clinical phenotypes: a vaso-occlusive 
phenotype and a hemolytic phenotype.47 
Although these distinctions occur on 
a spectrum and vary at the individual 
patient level, they are helpful to ap-
proach individuals with SCD from a 
clinical perspective. The vaso-occlusive 
phenotype is characterized by persistent 
leukocytosis, higher hemoglobin levels 
and bony pain, in which case recurrent 
episodes of acute chest syndrome tend 
to occur. The hemolytic phenotype is 
characterized by chronic kidney dis-
ease, cutaneous leg ulcers, priapism, and 
strokes, as well as vascular dysfunction, 
in which case PH tends to develop more 
frequently.48

Hemodynamic Prof iles of PH in SCD
During the Sixth World Symposium in 
Pulmonary Hypertension the definition 
of precapillary PH was changed to a 
mPAP > 20 mm Hg and PVR ≥ 240 
dynes·sec/cm5.8,49,50 Because of chronic 
anemia, patients with SCD have base-
line increases in cardiac output and low 
vascular resistances. At baseline, PVR in 
patients with SCD ranges from 68 to 74 
dynes·sec/cm5, as compared to nonane-
mic healthy volunteers of 80 to 120 
dynes·sec/cm5. As a result, a PVR > 160 
dynes·sec/cm5 has been proposed as 
abnormal in patients with SCD.51

Studies using the former definition of 
PH (mPAP ≥ 25 mm Hg) suggest that 
the prevalence of PH in SCD is 6% to 
11%.52-55 (Table 1) Given the large body 
of literature published prior to this up-
dated definition of disease, a significant 
number of individuals with SCD could 
be classified as having SCD-related PH. 
Approximately half of patients have 
precapillary PH (defined as mPAP ≥ 25 
mm Hg and pulmonary artery occlusion 
pressure [PAOP] ≤ 15 mm Hg), and 
half have postcapillary PH (defined as 
mPAP ≥ 25 mm Hg and PAOP > 15 
mm Hg).52-56 Another clinical and he-
modynamic phenotype that is common 
in SCD is one in which group 2 PH is 
present but the pulmonary vasculature 
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has been remodeled and the transpulmo-
nary gradient (mPAP-PAOP) and PVR 
rise.57,58 Therefore, although the mPAP 
is >20 mm Hg and PAOP is >15 mm 
Hg, the PVR is ≥240 dynes·sec/cm5; 
this is now termed combined precapil-
lary and postcapillary PH.8

PH in SCD may occur secondary to 
isolated pathologic remodeling of the 
pulmonary arterioles, beginning with 
vasoconstriction, hyperplasia of intima 
and smooth muscle and progressing to 
severe angioproliferation, occlusion, and 
recanalization, termed the plexiform 
lesion.59 When disease is restricted to 
the pulmonary arterioles, mean pulmo-
nary pressures increase but left ventric-
ular end-diastolic pressures (measured 
on RHC by PAOP) are normal (≤15 
mm Hg). According to autopsy studies, 
pulmonary vascular lesions characteristic 
of precapillary PH have been found in 
one-third to two-thirds of patients with 
SCD.33,34

Group 2 PH, defined by mPAP > 20 
mm Hg and PAOP > 15 mm Hg, with a 
normal PVR, arises from left heart dis-
ease. In chronic anemia, the left ventricle 
compensates with an increase in stroke 
volume and chamber dilatation, leading 
to increased wall stress and an increase 
in left ventricular mass. This hypertro-
phy leads to impaired filling, which is 
characteristic of diastolic dysfunction, 
also known as heart failure with pre-
served ejection fraction.41,43 Heart failure 

with reduced ejection fraction is much 
less common in patients with SCD, but 
is still an important cause of group 2 
PH. Many patients with PH due to dia-
stolic dysfunction also have an increased 
transpulmonary gradient consistent with 
combined precapillary and postcapillary 
PH. Importantly, diastolic dysfunction 
is associated with decreased exercise 
capacity and independently associated 
with increased mortality in individuals 
with SCD, despite adjusting for tricus-
pid regurgitant velocity (TRV).40,41

The majority of patients with SCD 
have hemodynamic profiles consis-
tent with group 1 and group 2 disease. 
High-output heart failure may occur 
because of longstanding elevated cardiac 
output in the setting of anemia, al-
though this is a rare etiology of PH. 
Advanced lung disease and pulmonary 
fibrosis leading to PH (group 3 PH) 
is exceedingly rare, even if patients 
develop recurrent episodes of acute chest 
syndrome (ACS) over time. However, 
patients should be screened and treated 
for obstructive sleep apnea or nocturnal 
hypoxemia if present.

Given that patients with SCD are 
at high risk of developing thrombo-
embolism, they are at higher risk for 
developing CTEPH (group 4 PH), 
characterized by recurrent pulmonary 
thromboemboli followed by fibrotic 
remodeling of the occluded pulmonary 
vasculature.59 Scintigraphic evidence 

suggestive of CTEPH occurs in ap-
proximately 5% of patients with SCD 
and severe PH,60 and may be associ-
ated with more severe hemodynamic 
abnormalities, lower exercise capacity, 
and higher mortality.61 Identification of 
CTEPH is important as these patients 
require lifelong anticoagulation. Spe-
cific medications may be approved for 
therapeutic use,62 and surgical options 
may be available, including pulmonary 
artery balloon angioplasty or pulmonary 
endarterectomy.63-67

DIAGNOSTIC EVALUATION
The development of PH appears to in-
crease with advancing age and is a major 
cause of early death. Diagnostic evalu-
ation should assess for conditions that 
may also contribute to the development 
of PH, including iron overload, chronic 
liver disease, HIV infection, nocturnal 
hypoxemia, and pulmonary thrombo-
embolism. Plasma N-terminal pro-brain 
natriuretic peptide (NT-proBNP) can 
identify patients with SCD at higher 
risk of PH, lower exercise capacity and 
increased mortality risk.68-70

Cardiac ultrasound is used to screen 
for PH and right heart failure, and the 
pulmonary artery systolic pressure can 
be estimated by measuring the TRV.6 A 
value of ≥2.5 m/s is 2 standard devia-
tions above the mean for patients aged 
35 to 40 years, and a value ≥3.0 m/s is 
3 standard deviations above the popula-

Table 1. Hemodynamic profiles in SCD patients with and without pulmonary hypertensiona

Country of study Parent et al Fonseca et al Mehari et al

Number screened 385 80 531

Underwent RHC 96 26 84

PH status, n (%) PH = 24 (6%) No PH = 72 PH = 8 (10%) No PH = 18 PH = 55 (10.4%) No PH = 29

mPAP, mm Hg 30 ± 6 19 ± 3 33 ± 9 19 ± 3 36 ± 9 19 ± 4

PAOP, mm Hg 16 ± 7 11 ± 3 16 ± 6 13 ± 2 16 ± 5 11 ± 3

CO, L/min 9 ± 2 8 ± 2 5 ± 2b 5 ± 1b 8 ± 3 9 ± 2

PVR, dyn·s/cm5 138 ± 58 72 ± 26 179 ± 120 64 ± 48 227 ± 149 72 ± 37

Precapillary PH, n (%) 11 (2.7%) - 3 (3.75%) - 31 (6%) -

Postcapillary PH, n (%) 13 (3.3%) - 5 (6.25%) - 24 (4.5%) -

Mortality (%) 12.5 1.4 38 5.5 36 13

Abbreviations: SCD, sickle cell disease; RHC, right heart catheterization; PH, pulmonary hypertension; mPAP, mean pulmonary artery pressure; 
PAOP, pulmonary artery occlusion pressure; PVR, pulmonary vascular resistance.
aAdapted from Parent et al53, Fonseca et al54, and Mehari et al.55

bCardiac index (L/min/m2).Table 2. Univariate and multivariate analysis of mortality risk factors in SCD.a
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tion mean. Prospective and retrospective 
studies have shown that using a TRV of 
2.5 m/s as a cutoff for elevated pulmo-
nary artery systolic pressure estimates 
that 20% to 30% of individuals with 
SCD meet the criteria for PH, and 
approximately 8% to 10% have values 
3 standard deviations above the normal 
mean (TRV ≥ 3 m/s).6,52 These find-
ings have been reproduced in multiple 
studies,53,54,71,72 and it is accepted that 
even a mildly elevated TRV is associated 
with increased mortality.6,71,73 However, 
a RHC remains the gold standard to 
confirm the diagnosis and hemodynamic 
etiology of PH.74

A 6-minute walk test inversely 
correlates with the severity of PH.40,60 
Although patients with PH may have 
less severe abnormalities in their hemo-
dynamic profiles, their 6-minute walk 
test and WHO functional class may 
be severely abnormal, and these abnor-
malities are associated with increased 
mortality.55 Pulmonary functional tests 
should also be pursued, as most adults 
with SCD develop abnormal pulmonary 
function, typically mild restriction and 
abnormal diffusing capacity due to mild 
pulmonary fibrosis. These defects may 
be slightly worse among individuals 
with SCD who also have PH,75-78 but 
are rarely a major contributor to the 
development of PH. A ventilation-per-
fusion scan is also necessary to rule out 
evidence of CTEPH or chronic pul-
monary thromboembolic disease and 
is superior to computed tomography 
pulmonary angiography.61 Computed to-
mography chest may show mosaicism of 
lung parenchyma, demonstrating areas 
of hypoattenuation and decreased blood 
flow due to obstructed vasculature and 
decreased blood flow, juxtaposed to areas 
of normal lung parenchyma with normal 
blood flow.

Screening for Cardiovascular Disease
The American Thoracic Society 
published guidelines recommending 
that adult patients with SCD under-
go screening echocardiography and/or 
NT-proBNP testing to assess the risk 
of death and of having PH for further 
diagnosis and intensification of sick-
le cell-specific therapies.51 (Figure 1) 
Patients with a TRV value of 2.5 to 2.9 

m/s are further risk stratified by 6-min-
ute walk testing and plasma NT-proB-
NP testing, with abnormal values 
suggesting the need for RHC. Patients 
with values >2.9 m/s should undergo 
RHC, particularly if there is evidence 
of right heart dysfunction. Patients with 
PH should be screened for CTEPH. If 
patients develop symptoms suggestive of 
PH, initial screening with echocardiog-
raphy and RHC may later be pursued.

Mortality
The first study establishing a link be-
tween PH based on RHC and increased 
mortality was published in 2003. This 
study described a 55% mortality over 23 
months and found that mPAP was in-
versely related to survival. Furthermore, 
for every increase in mPAP of 10 mm 
Hg, there is a 1.7-fold increase in the 
hazard ratio of death in patients with 
SCD.73 Mortality is significantly higher 
in patients with PH defined by RHC, 
with significant correlation between 
hemodynamic markers and increased 
risk of death.52-55 (Table 2) This has 
been validated by multiple subsequent 
studies, which have also found that an 
elevated transpulmonary gradient, dia-
stolic pulmonary gradient (pulmonary 
artery diastolic pressure-PAOP), PVR, 
NT-proBNP, WHO functional class, 
and lower 6-minute walk test were all 
associated with increased mortality.55,69,71

Treatment Options
Data are limited on specific manage-
ment of patients with SCD and PH; 
most treatment recommendations are 
extrapolated from data derived from 
other forms of PH or expert opinion.51 
Generally, maximization of SCD-spe-
cific therapy, treatment of hypoxia 
with supplemental oxygen therapy and 
treatment of associated cardiopulmo-
nary conditions (for example, HIV, 
iron overload, nocturnal hypoxemia, 
thromboembolic disorders, left ventric-
ular disease, and chronic liver disease) 
are warranted. Chronic red blood cell 
transfusions have been shown to reduce 
pulmonary pressures and increase 
6-minute walk distance and functional 
classification in patients with SCD and 
PH.79

In SCD patients with PAH, namely, 
patients with a mPAP ≥ 25 mm Hg, 
PAOP ≤ 15 mm Hg and relatively high 
PVR (>160 dynes·sec/cm5), PAH-spe-
cific therapy may be considered. There 
are no long-term data on specific 
treatment of PH in SCD, and choice 
of agent is empirical and based on the 
safety profile of the medication and phy-
sician preference. Sildenafil and other 
phosphodiesterase 5 inhibitors function 
by inhibiting the metabolism of cyclic 
guanosine monophosphate, the second 
messenger that mediates the effects of 
NO. Sildenafil has been shown to im-

Figure 1: Diagnostic algorithm for evaluating PH in SCD. Adapted from Ghofrani et al.63
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prove pulmonary pressures and 6-min-
ute walk distance in phase II studies,80 
but increased hospitalization due to 
painful crises was shown in one larger, 
randomized, double-blind, placebo-con-
trolled trial.56 Sildenafil is only recom-
mended in patients with well-controlled 
and maximized SCD-specific therapy. 
Riociguat, a small molecule activator of 
soluble guanylate cyclase, is approved for 
the treatment of PAH and CTEPH, but 
its extrapolated use in individuals with 
SCD-related PH is limited to 1 case 
series of 6 patients.62

There is also limited published evi-
dence with endothelin receptor agonists 
in the treatment of SCD-related PH. 
One retrospective study evaluating the 
use of ambrisentan and bosentan includ-
ed 14 individuals with SCD-related PH 
found that therapy was well tolerated: 
there was a significant improvement in 
6-minute walk distance, a trend toward 
lower BNP and TRV, and 3 individuals 
had decreases in their mPAP based on 
RHC. Therapy was stopped in 2 because 
of adverse reactions, but both tolerated 

the switch to the other endothelin-re-
ceptor agent.81 However, the follow-
ing year 2 randomized, double-blind, 
placebo-controlled studies were per-
formed, the ASSET-1 and ASSET-2 
trials.82 Unfortunately, because of slow 
patient enrollment and site initiation, 
the studies were terminated premature-
ly. Preliminary analyses suggested that 
bosentan was well tolerated, with a trend 
toward increased CO and decreased 
PVR observed.

Prostacyclin-based therapies are the 
most effective agents for the treatment 
of traditional forms of PAH. Acutely, 
administration of epoprostenol decreases 
pulmonary artery pressure and PVR, and 
increases cardiac output.73 Over time, 
prostacyclin-based therapy may reduce 
pulmonary pressure, increase 6-minute 
walk distance, and improve function-
al class.83 However, its use remains 
off-label, with no prospective studies 
performed in patients with SCD.

Stem cell transplantation is the only 
curative option for individuals with 
SCD but is limited because of limited 

numbers of unaffected matched sib-
ling donors and concerns regarding 
long-term toxicities.84-88 Furthermore, 
bone marrow and lung transplantation 
have been shown to normalize pulmo-
nary pressures and improve short-term 
outcome measures,89,90 but may be 
associated with significant morbidity 
and mortality. Gene therapy remains an 
appealing option but remains limited 
in its application with further studies 
ongoing.91,92

CONCLUSIONS
Among individuals with SCD, PH 
is prevalent and remains a significant 
cause of morbidity and mortality. The 
underlying etiology of the development 
of PH in this population is complex and 
multifactorial, and a thorough workup is 
required to address all potential contrib-
uting disease states. Despite a growing 
body of evidence, advanced treatment 
options remain limited. However, with 
continued advances in therapy, quality of 
life and life expectancy will continue to 
improve.

Table 2. Univariate and multivariate analysis of mortality risk factors in SCDa

Characteristic
Unadjusted HR (95% 
confidence interval) P value

Adjusted HR (95% 
confidence interval) P value

Age, per 10 yr 1.02 (0.76-1.38) .89 - -

sPAP, per 10 mm Hg 1.30 (1.06-43.6) .048 1.30 (0.99-1.71) .055

dPAP, per 10 mm Hg 1.91 (1.25-2.92) .002 1.83 (1.09-3.08) .022

mPAP, per 10 mm Hg 1.62 (1.17-2.24) .003 1.61 (1.05-2.45) .027

TPG, per 10 mm Hg 1.82 (1.28-2.61) <.001 1.78 (1.14-2.79) .011

PVR, per 1 Wood unit 1.35 (1.11-1.65) .002 1.44 (1.09-1.89) .009

PVRI, per 1 Wood unit/m2 1.20 (1.08-1.33) <.001 - -

PP, per 10 mm Hg 1.29 (0.96-1.73) .091 - -

dPAP-PCWP, per 10 mm Hg 2.26 (1.43-3.58) <.001 2.19 (1.23-3.89) .008

CVP, per 10 mm Hg (n = 83) 1.36 (0.65-2.83) .42 - -

PCWP, per 10 mm Hg 0.97 (0.47-2.02) .93 - -

Cardiac output, L/min 0.98 (0.85-1.13) .74 - -

Cardiac index, L/min/m2 0.87 (0.66-1.13) .29 - -

SVO2, % (n = 78) 0.98 (0.94-1.03) .42 - -

6MWD, m (n = 80) 0.56 (0.39-0.79) <.001 - -

WHO FC (III or IV vs I-II) 3.64 (1.64-8.05) <.001 - -

Abbreviations: 6MWD, 6 minute walk distance; CVP, central venous pressure; dPAP, diastolic pulmonary artery pressure; HR, heart rate; 
mPAP, mean pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; PP, pulmonary artery pulse pressure; PVC, pulmonary 
artery capacitance; PVR, pulmonary vascular resistance; PVRI, pulmonary vascular resistance index; SCD, sickle cell disease; sPAP, systolic 
pulmonary artery pressure; SV, stroke volume; SVI, stroke volume index; SVO2, mixed venous oxygen saturation; SVR, systemic vascular 
resistance; TPG, transpulmonary gradient; WHO FC, World Health Organization functional class.
aAdapted from Mehari et al.55
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P U L M O N A RY  H Y P E RT E N S I O N  R O U N D TA B L E

Sarcoidosis and Pulmonary Hypertension

Dr Oksana Shlobin: Welcome to the 
roundtable on sarcoidosis-associated 
pulmonary hypertension (SAPH), 
moderated by myself and Dr Anjali 
Vaidya, Co-Director of the Pulmonary 
Hypertension, Right Heart Failure, and 
CTEPH Program at Temple Univer-
sity Lewis Katz School of Medicine. 
Our discussants are Dr Roxana Sulica, 
Associate Professor of Medicine and 
Director of the Pulmonary Hyperten-
sion Program at NYU Langone, Dr 
Bob Baughman, Professor of Medicine 
at University of Cincinnati, and Dr 
Stacy Mandras, Medical Director of 
Pulmonary Hypertension Program at 
AdventHealth.

Dr Anjali Vaidya: Sarcoidosis is prob-
ably one of the biggest topics within 
WHO group 5 PH. There are a lot of 
excellent publications and reviews on 
this topic, and many are written by all of 
you. We thought that rather than doing 
another review article on that topic, 
we would have a discussion with your 
expertise to talk about your experiences 
and observations in this broad area. One 
of the first things we thought we would 
touch upon is the multiple mechanisms 
by which patients with sarcoidosis can 
develop pulmonary hypertension.

I would like to start by focusing on a 
few main mechanisms: the parenchymal 
lung disease causing vascular destruc-
tion, the granulomatous involvement of 
the pulmonary arterial bed to resemble 
PAH, and the extrinsic and external 
compression of bulky lymphadenop-
athy. I want to get a sense from your 
experiences in terms of what you see 
most frequently and what you think 
the prevalence of PH is in your patients 
with pulmonary sarcoid.

Dr Roxana Sulica: I can start the 
conversation. The prevalence question 
depends on the kind of practice you 
have: a sarcoid practice in which you end 
up diagnosing patients with pulmo-
nary hypertension versus a pulmonary 

hypertension practice with sarcoidosis 
referrals when patients are referred to 
you for suspicion of PH.

Currently, 100% of the patients I am 
seeing have pulmonary hypertension. 
When I was in Mount Sinai with a 
dedicated sarcoidosis clinic, we observed 
SAPH in 20% of patients. Again, if you 
look at patients from advanced lung 
programs evaluated for transplantation, 
pulmonary hypertension can be seen 
in up to 75% of that referral patient 
population. To summarize, SAPH is a 
well-recognized complication of sarcoid-
osis, but the prevalence depends on the 
clinical setting.

In terms of the mechanism, there is a 
myriad of reasons for patients with sar-
coid to develop pulmonary hyperten-
sion. Hence, they are placed in group 
5 pulmonary hypertension. As it has 
been shown in multiple series, most 
of the time patients with SAPH have 
parenchymal lung disease and chronic 
hypoxemia. However, probably in about 
20% to 30% of the people in each 
series reported, there is another patho-
physiologic mechanism besides pul-
monary fibrosis involved. For example, 
many years ago, Robyn Barst reported 
a small series with patients with SAPH 
with pulmonary arteriopathy, fairly 
similar to iPAH. Subsequently, there 
were a lot of other series describing 
the SAPH histopathology in explanted 
lungs or postmortem examinations. 
We started to identify this process of 
granulomatous inflammation, in the 
arterioles but mainly in the venules of 
the pulmonary vasculature, a mecha-
nism similar to pulmonary vaso-oc-
clusive disease (PVOD). In addition, 
a small percent of people with SAPH 
has significant extrinsic compression 
of the pulmonary vasculature by the 
mediastinal and hilar adenopathy of 
fibrotic disease.

Some people, in theory at least, have 
granulomatous hepatitis from sarcoid 
and can develop portal hypertension, 
and consequently porto-pulmonary 

hypertension. About one-third of them 
will have pulmonary hypertension due to 
left heart disease, as Bob Baughman has 
shown in one series. It is very important 
to identify the dominant phenotype to 
help guide further medical management.

Dr Bob Baughman: I primarily work in 
a sarcoidosis clinic, although I have had 
a strong interest in pulmonary hyper-
tension and have collaborated with Dr 
Peter Engel at University of Cincinnati 
for many years.

Dr Shlobin: Bob, maybe you can men-
tion or comment on disease prevalence 
given that you mostly see patients with 
sarcoidosis versus Roxana and Stacy, 
who mostly see patients with pulmonary 
hypertension.

Dr Baughman: I think you have to 
think in terms of where you’re coming 
from. In a tertiary clinic like ours, which 
includes a lot of patients with refractory 
parenchymal disease, it’s around 7 to 
10%. In some published series, it is as 
high as 20%. In Athol Wells’ group in 
London, where mostly fibrotic sarcoid-
osis patients are seen, nearly a quarter 
have PH. In general, I think it’s some-
where between 5% and 20%.

Dr Shlobin: Thank you Bob. A fol-
low-up question is for Stacy and also 
Anjali. As advanced heart failure 
cardiologists, can you comment on the 
various mechanisms the sarcoidosis can 
affect the heart and cause PH, as well 
as the importance of right and left heart 
catheterization in teasing out a specific 
diagnosis, and why it is especially im-
portant in sarcoidosis population?

Dr Stacy Mandras: As a heart failure 
specialist, we do see a small percentage 
of patients who come to us with an un-
derlying diagnosis of cardiac sarcoidosis. 
I’d say less than 10% of our referrals 
with advanced heart failure have cardiac 
sarcoidosis. In the general sarcoidosis 
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population, cardiac disease is often sub-
clinical, and we may not even make the 
diagnosis until the time of transplanta-
tion when we review the pathology after 
the heart has been explanted. At least a 
third of these patients will have pulmo-
nary hypertension due to elevated left 
sided pulmonary pressures associated 
with diastolic dysfunction. Often these 
patients also present with ventricular 
arrhythmias, which will ultimately lead 
to their need for transplantation, as 
they tend to be very difficult to control 
despite antiarrhythmic drugs and abla-
tions. Even sympathectomy can be com-
pletely ineffective in these situations, 
and in such cases, the management 
corners on treatment of the underlying 
LV dysfunction (rather than treatment 
of the pulmonary hypertension), and 
often ultimately leads to cardiac trans-
plantation.

In my pulmonary hypertension prac-
tice, I see all of the mentioned mech-
anisms of SAPH—everything from 
WHO group 1 to group 5—the pa-
tients with concomitant left sided heart 
disease, fibrocystic lung disease, the 
patients who have extrinsic pulmonary 
artery compression, and the patients 
who truly do look like they have WHO 
group 1 pathophysiology.

Dr Shlobin: I wanted to ask the group 
if any of you use any kind of provocative 
maneuvers while doing the right heart 
catheterization in these patients.

Dr Sulica: Yes, I do as I always con-
template how to treat their PH. As you 
very well know, it is very difficult to get 
PAH-specific medications approved 
without a vasoreactivity maneuver. 
Obviously, patients with precapillary 
SAPH, even with positive vasoreactive 
maneuver, are not true vasoreactors, at 
least not by the definition that incor-
porates long-term response to calcium 
channel blockers.

Dr Vaidya: I agree with contemplating 
treatment. I think that’s a whole other 
discussion and something that we all, in 
the PH space, have our minds open to. 
I always appreciate talking to colleagues 
from different places, because the insur-
ance payer patterns are very different. 

I haven’t done a vasoreactive study in 
years for the purpose of getting medica-
tions approved, and it probably depends 
what the payers require in your specific 
geographic area.

From a purely clinical purpose of 
understanding pathophysiology and its 
affecting management, I actually don’t 
do vasoreactive studies in the sarcoid 
PH patients. But from a broader sense, 
in terms of provocative maneuvers, I do 
often include exercise physiology into 
the right heart catheterizations in these 
patients to identify their true cause of 
dyspnea. This ties into Stacy’s point 
about the mixed left heart failure pheno-
type, which often actually can coexist 
with a PAH phenotype in the sarcoid 
PH patient. These are some of the most 
challenging patients that we are facing 
that have the mixed physiology, precap-
illary and postcapillary PH.

I’ll use provocative maneuvers in the 
Cath Lab with rest and perform an 
exercise RHC with simultaneous CPET 
(aka invasive CPET) to get a sense as to 
what their true underlying physiology 
and limitation with exertion is. From 
a hemodynamic perspective, if they 
have mixed physiology and their wedge 
pressure goes up by two-fold or three-
fold while the right atrial pressure goes 
up only minimally and their pulmonary 
vascular resistance falls, that indicates 
that this is more of a WHO group 2 left 
heart failure PH phenotype. Whereas, 
if their VE/VCO2 climbs to 45 with 
exercise and their PVR does not fall, or 
it goes up and the right atrial pressure 
goes up to a magnitude greater than left 
atrial pressure, then I might say, “The 
phenotype of this patient is more clearly 
that of pulmonary vascular disease or 
more resembling the iPAH patient.” 
These provocative maneuvers can be 
quite helpful.

Dr Shlobin: Stacy, do you also prefer 
exercise right heart catheterization 
with CPET versus fluid loading in this 
patient population?

Dr Mandras: Absolutely agree with 
Anjali. I like to exercise patients in the 
Cath Lab to attempt to unmask dia-
stolic dysfunction. We use an under the 
desk exercise bike pedal exerciser that we 

literally put on the Cath table once the 
pulmonary artery catheter is in place and 
we have obtained baseline hemodynamic 
measurements. We have the patients 
pedal for exercise, and we record what 
happens to their systemic pressure, their 
filling pressures, PA pressure, and car-
diac output. I prefer doing that to fluid 
loading. I have partners that do fluid 
challenge their patients, but I feel that 
we get more information from having 
them exercise and try to simulate what 
happens when they’re active to try to 
understand why it is that they’re getting 
short of breath with activity.

Dr Vaidya: Exercise cath is much more 
physiologic than a fluid challenge. If I 
can build off of what Stacy said, going 
back to the left heart failure component 
of the conversation, I want to bring it 
even to the next level in terms of the 
transplant consideration, because in the 
lung transplant world, sarcoid is a big 
player. In the heart transplant world, 
sarcoid is a big player. We have a large 
exposure to the combined heart-lung 
transplant world, relative to our other 
left heart failure partners or other lung 
transplant partners.

I find the sarcoid population is the 
most commonly represented diagnosis in 
this population of combined heart-lung 
transplant. I also find it to be very chal-
lenging sometimes, because the isolated 
indication for lung transplant might not 
be as obvious, and the isolated indica-
tion for heart transplant may not be as 
strong. In other words, their fibrotic 
lung disease might not be as severe or 
their PAH might not be as severe or 
their left heart failure might not be as 
severe, but when you combine them 
together, a heart-lung transplantation is 
the indicated treatment.

Sometimes the lung disease will pre-
clude PH management, or the left heart 
involvement will preclude PH manage-
ment, and the additive sum component 
of infiltrative granulomatous disease 
causing arrhythmia, diastolic dysfunc-
tion, systolic dysfunction, right heart 
failure from PH, gas exchange limitation 
is often a rapid accelerator driver to 
combined heart-lung transplant. I’d like 
to hear what the rest of the group has 
experienced in that regard?
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Dr Baughman: I’m probably the only 
non-“transplanter” here. I think a lot 
of the time that sarcoidosis PH can be 
medically managed, but I think it’s an 
evolution management. Often patients 
present with a combined precapillary 
and postcapillary PH, which is initially 
managed with diuretic therapy. Once 
their volume status is well controlled, 
if the patient is still short of breath, 
they may benefit from treatment of the 
precapillary component of their pulmo-
nary hypertension as well. I agree that 
it’s very good to do the exercise chal-
lenge in Cath Lab to try to uncover the 
predominant phenotype in these mixed 
PH cases.

In our original paper with Peter 
Engel, of 120 sarcoidosis patients that 
underwent catheterization, a signifi-
cant number of patients had diastolic 
dysfunction. We weren’t doing routine 
cardiac MRIs at that time and we’ve 
never had an opportunity to analyze an-
other large group of dyspneic sarcoidosis 
patients to determine how many may 
have myocardial involvement by cardiac 
MRI.

Has any of you seen any data on how 
often a cardiac MRI uncovers potential 
causes for diastolic dysfunction in these 
sarcoid patients?

Dr Shlobin: I have not. In my experi-
ence, patients with significant cardiac 
sarcoid do not usually have precapillary 
pulmonary hypertension and vice versa. 
In our experience, it’s either severe PH 
(with or without parenchymal disease) 
or bad cardiac sarcoid. To follow up on 
Anjali’s question, you’re absolutely right. 
Other than congenital heart diseases, 
sarcoidosis is the most common indi-
cation for combined heart-lung trans-
plant. In my experience it’s a combina-
tion of end stage burnt out parenchymal 
lung disease and active cardiac sarcoid-
osis causing arrhythmias that cannot be 
controlled medically, or significant left 
systolic ventricular dysfunction that is 
the most common indication. Per our 
lung transplant work up protocol, we al-
ways look for cardiac sarcoidosis with a 
combination of cardiac MRI and PET.

Dr Shlobin: I wanted to go back to the 
basics and ask Bob and Roxana, when 

do you suspect pulmonary hypertension 
in patients with sarcoidosis, and then 
how do you work them up?

Dr Baughman: Our clinic approach 
was initially driven by Roxana’s publi-
cation, when she was at Mount Sinai 
and analyzed a large number of patients 
referred for echo. We then began look-
ing at our persistently dyspneic patients, 
those failing anti-inflammatory ther-
apy such as prednisone, methotrexate, 
and/or infliximab, and found that over 
half of these patients had pulmonary 
hypertension. So when I see someone 
in sarcoidosis clinic who I’m treating 
for lung disease with anti-inflammatory 
therapy and they’re just not getting bet-
ter, I start the work up for pulmonary 
hypertension.

The other clues there that helped me 
include a reduced six-minute walk test 
(6MWT) distance. Certainly some-
body who walks under 300 meters or 
who desaturates during their 6MWT 
needs a screening echo and probably 
right heart catheterization to look for 
either precapillary or postcapillary 
PH. An elevated BNP is another clue. 
The Dutch have actually suggested 
that a sarcoidosis patient with fibro-
sis on chest imaging should get an 
annual ECHO. The term parenchymal 
f ibrosis is a bit difficult in sarcoid, 
because there are a lot of people with 
a little bit of fibrosis on their imaging. 
Therefore I would modify that to say 
that patients with at least 20% fibrosis 
on CT scan should be considered for 
screening ECHOs.

I still think that the main trigger for 
work up is persistent or out-of-pro-
portion shortness of breath. The other 
factor that I don’t use as much as others 
is an enlarged pulmonary artery (PA) 
or PA/aorta diameter ratio on chest 
CT scan. There is interesting data in 
sarcoidosis showing the denominator 
should not be the aorta diameter but the 
body surface area. Two large series (1 
from Holland, 1 from France) showed 
that the PA diameter when corrected 
for the body surface area was a better 
predictor of SAPH.

Dr Sulica: How about diffusing lung 
capacity (DLCO)?

Dr Baughman: A reduced DLCO 
is probably much more useful than a 
reduced forced vital capacity. The things 
that should bring PH for consider-
ation are: a reduced DLCO (probably 
less than 60% or predicted), a 6MWT 
distance of less than 300 meters, new or 
worsening desaturation with exercise, 
more than 20% fibrosis on high-resolu-
tion CT scan, or dyspnea that seems out 
of proportion to their clinical presen-
tation and the amount of lung disease. 
Those patients should be further worked 
up for pulmonary hypertension.

Dr Vaidya: That’s great. Roxana, what 
about the next step in the work up 
algorithm?

Dr Sulica: My workup is very similar 
to what most of us do for patients with 
PH in general. In addition, you need to 
determine the specific and dominant 
mechanism of pulmonary hypertension 
it is, as we just said at the very begin-
ning that the mechanisms of pulmonary 
hypertension in sarcoid are multifactori-
al. I tend to do a cardiac MRI, because I 
want to see how the myocardium looks. 
Sometimes we use PET scans as well if 
we want to tease out how much active 
inflammation there is. We do exercise 
right heart catheterizations fairly often, 
although we don’t have the capability 
of doing simultaneous CPET during 
RHCs.

Otherwise, we do everything else that 
you do for PH patients: VQ scans, CAT 
scans, and full pulmonary function test, 
because the DLCO, as Bob was saying, 
is important in the diagnosis and prog-
nosis for these patients. We also look 
for sarcoidosis liver involvement, test for 
HIV, and screen for concomitant con-
nective tissue disorders. Throughout the 
years we had a small number of patients 
that had more than one risk factor for 
pulmonary hypertension besides sarcoid; 
we had patients with both sarcoidosis 
and HIV or lupus.

Dr Shlobin: What about chronic clots 
in patients with SAPH?

Dr Sulica: We do get VQ scans and CT 
with PE protocol, absolutely. Some-
times in sarcoidosis a VQ scan may 
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show perfusion defects that are sizeable 
and mismatched. Then the differential 
becomes more extensive with extrinsic 
compression versus intrinsic chronic 
thromboembolic disease. We do have a 
very good radiology department with 
excellent postprocessing for the CT 
with PE protocols. Less and less we are 
using the pulmonary angiograms, but 
obviously in situations when you’re really 
not clear if it’s intrinsic CTEPH-like 
disease or not, you will need to get a 
formal pulmonary angiogram.

Dr Shlobin: Anjali, given that you 
co-direct a major CTEPH center, what 
has your experience been?

Dr Vaidya: Yes, I’m glad to hear this 
discussion. I agree completely. I would 
say the concomitant presence of clini-
cally significant CTEPH that warrants 
advanced CTEPH intervention along 
with intrinsic sarcoid is on the lower 
side. However, I always say anybody 
with chronic heart failure or chronic 
lung disease can also have recurrent 
venous thromboemboli. Although this 
does exist, it’s a very common scenario 
for the abnormal VQ scan to lead us 
down the CTEPH evaluation in pa-
tients with sarcoid, and it’s a fake-out, a 
CTEPH mimicker, and there actually is 
not a truly intravascular thromboembolic 
disease.

As Roxana nicely stated, often abnor-
mal VQ scans are caused by extrinsic 
compression of pulmonary segmental 
or sub-segmental branches by bulky 
lymphadenopathy or fibrotic scarring 
granulomatous disease, and it gives 
the impression of perfusion defects on 
the VQ scan. There’s a nuance I think 
in the evaluation from that perspec-
tive where we’re always hearing that 
the gold standard diagnostic study 
for CTEPH is an invasive pulmonary 
angiogram. I think I’d like to continue 
to question that in the modern era, 
because it really is only a luminogram, 
and the CTA really is the most in-
formative comprehensive study. It’s 
particularly valuable in our sarcoid 
patients, because you can then visualize 
that compression and get that appre-
ciation which the invasive angiogram 
would not provide and would only lead 

us down a false impression of CTEPH. 
I just had a patient like that in the last 
couple of weeks.

I think there’s an important concept 
- in CTEPH at least - even in the pres-
ence of significant thromboembolic dis-
ease. Let’s say the patient has CTEPH 
and it is deemed proximal and operable 
and accessible. There’s an important 
concept of “not perfusing bad lung,” 
so to speak. We don’t want to generate 
ventilatory inefficiency and worsen dead 
space ventilation. This is the case for 
anyone—be it advanced sarcoid lung 
disease or other chronic lung disease.

I just wanted to mention that if there 
is a patient that has significant lung 
scarring via parenchymal involvement 
by sarcoidosis with concomitant true 
thromboembolic disease, it’s extremely 
complicated. One always has to ques-
tion if CTEPH treatment will result 
in reperfusion of an area affected by 
advanced scarring and actually harm the 
patient. A little restraint in treatment 
sometimes goes a long way.

One may also raise a question about 
balloon pulmonary angioplasty (BPA). 
Our program has done over 100 BPAs. 
In sarcoidosis patients with significantly 
hemodynamically severe PH related to 
distal thromboembolic disease, staged 
BPA may be a very reasonable consider-
ation, rather than PTE.

Dr Shlobin: Sounds like a paper in 
making.

Dr Vaidya: Yes. I’ll add it to the list.

Dr Shlobin: Thanks Anjali. Another 
question to the whole group: When 
you have someone with significant 
extrinsic compression, what factors do 
you consider for intervention for either 
pulmonary arterial or pulmonary venous 
constriction by bulky lymphadenopathy?

Dr Mandras: There are a couple of case 
series of small numbers of patients—5 
to 8 patients—of angioplasty with or 
without stenting for patients who have 
extrinsic compressions not related to 
thromboembolic disease, which did 
demonstrate an improvement in he-
modynamics and did not come with 
an increase in morbidity and mortality. 

Again, these are very small numbers. 
There’s definitely more information 
that’s needed for that patient popula-
tion.

Dr Shlobin: Stacy, maybe while you’re 
answering that question, what about 
pulmonary venous stenting?

Dr Mandras: Similar results. Again, 
from small case series.

Dr Shlobin: I agree, this area definitely 
needs more research. In someone who 
has bulky lymphadenopathy, one does 
need to think about both the arterial and 
venous strictures due to extrinsic com-
pression. Sometimes it can really change 
one’s treatment approach, because if 
you can stent the artery or vein with a 
resultant drop in pulmonary pressures, a 
patient may not need as much diuretics 
or pulmonary arterial vasodilators.

Dr Baughman: The French registry of 
160 SAPH patients found 9 patients 
who had an improvement in PA pressure 
after giving corticosteroids to reducing 
the adenopathy. There is also a pro-
spective study from China, which Stacy 
alluded to, demonstrating that almost 
10% of their SAPH patients improved 
with stenting.

In our clinic, we’ve only had 1 
patient that we’ve ever stented for 
pulmonary hypertension, and I have 
over 2500 sarcoidosis patients and 
nearly 100 patients with SAPH. I 
would like to make a general comment 
on treatment of SAPH.  If you are a 
PH specialist, you need to make sure 
that the underlying parenchymal lung 
disease has been aggressively managed 
with anti-inflammatory therapy (such 
as steroids, methotrexate, infliximab), 
as patients’ hemodynamics and symp-
toms may improve with appropriate 
treatment.  If you are a sarcoidosis 
specialist and you have managed to 
control the inflammatory parenchymal 
component, or your patient has burnt 
out fibrotic parenchymal disease, if 
they have evidence of PH, they should 
be considered for further pulmonary 
vascular evaluation and treatment with 
pulmonary vasodilator medications, 
stenting, etc.
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Dr Vaidya: That’s an excellent segue 
into our last series of questions. In the 
current era of PAH medical therapy, we 
have over a dozen treatment options. 
Sarcoid-associated PH spans across, as 
Stacy nicely said, all 5 WHO groups 
in terms of phenotype and physiology. 
Roxana mentioned that she considers 
PAH medical therapy and follow them 
thoroughly for that.

With that in mind, how do you deter-
mine if a patient may be appropriate for 
medical therapy? I think that’s one of 
the hardest decisions. Then we’ll segue 
into what classes of drugs or approaches 
to treatments themselves. How do you 
initially consider a patient being appro-
priate for consideration of PH medical 
therapy?

Dr Mandras: I think you have to take 
each patient on a case-by-case basis. I 
think that what Roxana said, that the 
first step is to try to figure out what the 
underlying etiology for the patient’s 
pulmonary hypertension is, ie, which 
WHO group they fall into. Often it’s 
not straightforward. They may fall into 
one or two or three or more of these 
groups.

I inherited a pulmonary hyperten-
sion practice in 2009 that originally 
was started in the 1990s. I had SAPH 
patients that were initiated on a 3 drug 
therapy at that time, and remained 
stable and did very well for over a 
decade on therapy. Likewise, I had 
newly incident cases that seemed very 
straightforward without significant 
parenchymal lung disease and with 
normal left-sided filling pressure, so 
very much a WHO group 1 PAH-like 
phenotype. Yet the way these patients 
are managed in the current era may 
be very different because now, often 
pulmonary vasodilators are not paid 
for by insurance if the diagnosis of sar-
coidosis is present, and this can make 
things very challenging. As soon as the 
diagnosis of sarcoidosis appears on the 
chart, no form of a prostacyclin will 
be approved. You may be caring for a 
high-risk patient who you feel strongly 
would benefit from parenteral therapy, 
and the payer denies coverage. It’s very 
challenging to manage the sicker sar-
coid patient. For the patients that are 

lower risk, treatment is fairly straight-
forward. We have data from a handful 
of mixed trials—some prospective, 
some retrospective—that show benefits 
of ERAs and PDE5s and combination 
therapy in this patient population, 
which demonstrated improvement in 
6MWT, functional capacity, and im-
proved hemodynamics without wors-
ening in oxygenation, and for the most 
part we are able to obtain insurance 
authorization for these drugs.

Dr Shlobin: Well said. Roxana, what do 
you think?

Dr Sulica: Yes, one always has to take 
into account the payer situation. As 
Stacy mentioned, there are a couple of 
smaller and larger studies that looked 
at the effect of PAH specific therapies 
in SAPH. Unfortunately, they are small 
studies, some of them with a high drop-
out rate, but they did show improve-
ment. Until recently, the one place-
bo-controlled trial of bosentan showed 
no increase in 6-minute walk distance 
despite clear hemodynamic improve-
ment. I am not very surprised of the 
dichotomy given the multiple comor-
bidities that may have led to decreased 
exercise capacity in SAPH. As Stacy 
mentioned, there are also case series 
as well as anecdotical reports in which 
PAH advanced therapies have been used 
in SAPH on a compassionate basis. In-
terestingly, some of those patients have 
responded beautifully to therapy, even 
with hemodynamic normalization. We 
do not know if that response translates 
into long-term survival benefit. When 
we plan SAPH trials, we have to be 
very careful to rule out pathology that 
can potentially lead to harmful effect 
from PAH drugs use (such as left heart 
disease). In addition, we do have to learn 
more about the type of endpoints that 
are meaningful in SAPH treatment 
trials.

Dr Shlobin: There is certainly a spec-
trum of diseases, just very much like 
interstitial lung diseases, where there is 
a more vascular phenotype and a more 
parenchymal phenotype of sarcoidosis. 
An ideal trial patient is the one with 
a vascular phenotype. Having said 

that, a recent trial of inhaled trepro-
sinil in ILD-PH targeted all-comers 
with fibrotic lung disease and showed 
improvement in 6MWT distance, 
markers of right heart failure and de-
lay in clinical worsening. With that, I 
wanted to ask Bob to comment on the 
recently submitted data on riociguat in 
SAPH.

Dr Vaidya: The only one comment 
I’ll say before we open it to Bob on 
his perspective as well is that, in the 
growing interest—rapidly growing 
interest—in the pulmonary hyperten-
sion field and all of our young trainees 
going out into the community with 
so much more interest to treat these 
patients, I would emphasize the PH 
associated with sarcoid, as Stacy said, 
has many faces. It’s one of the specific 
diagnoses that I think still very much 
should be referred to expert centers, to 
individuals such as all of you, to do that 
very high-level assessment that Roxana 
described beautifully.

Dr Shlobin: Bob, the Rioci-guat data 
will be presented at ATS, can you com-
ment on the results of the RioSAPH 
trial?

Dr Baughman: While I’ve done several 
trials in SAPH, there have been limita-
tions to all of these trials to date. One 
issue is that we do not have really good 
endpoints. Up until a few years ago, 
we really had struggled about whether 
we should be looking at the 6MWT 
or hemodynamics. Our group became 
intrigued by the idea of time to clinical 
worsening, because we thought that 
this would still be a good endpoint in 
SAPH given its multifactorial nature. 
Steve Nathan and Oksana Shlobin have 
worked with us on a recently completed 
trial, and we were able to demonstrate a 
difference in time to clinical worsening 
between the patients treated with riocig-
uat therapy compared to placebo. This 
was the first long-term trial of SAPH 
patients, and I think that contributed 
to a clearer outcome of therapy. This 
is all preliminary data, which needs to 
be further validated. There’s a larger 
SAPH study being currently conducted 
looking at time to clinical worsening as 
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a secondary endpoint after intervention 
with selexipag. I do think this approach 
should be a standard for outcomes in 
SAPH—these endpoints have become 
the standard in group 1 PAH.

My bias, of course, is that we should 
treat precapillary phenotype of SAPH. 
SAPH is an independent factor pre-
dicting mortality in sarcoidosis. Oksana 

led the recently published analysis of 
survival of 215 patients in our Regis-
try for Sarcoid-Associated Pulmonary 
Hypertension (ReSAPH) and found 
only a 72% transplant-free survival at 
3 years. Overall in ReSAPH, a third 
of the US patients were not treated for 
their SAPH at the time of entry into 
the registry, including patients with 

moderate to severe pulmonary hyper-
tension.

Dr Vaidya: There’s so much more we could 
discuss but we are at the top of the hour. 
On behalf of Oksana and myself, thank 
you so much, Stacy, Roxana, Bob, for tak-
ing the time and sharing your expertise for 
this discussion. We really enjoyed it.
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BACKGROUND
Sarcoidosis-associated pulmonary 
hypertension (SAPH) is classified in 
World Health Organization group 5 
pulmonary hypertension (PH) due to 
the various potential mechanisms of 
disease pathogenesis including pul-
monary arterial hypertension (PAH), 
left heart disease, fibrotic lung disease, 
pulmonary vascular stenosis, com-
pressive adenopathy, and fibrosing 
mediastinitis.1,2 Although patients 
with sarcoidosis-associated advanced 
fibrotic lung disease are at the highest 
risk and comprise a majority of SAPH 
patients,3,4 pulmonary sarcoidosis 
involving the pulmonary veins presents 
a unique management challenge and 
mortality risk. We present a patient 
with SAPH due to pulmonary vein 
compression from adenopathy who 
required multiple pulmonary vein bal-
loon dilations and stents in the setting 
of large-volume hemoptysis and right 
heart failure.

PRESENTATION
A 40-year-old female with a history of 
cutaneous and pulmonary sarcoidosis 
presented to the emergency department 
(ED) with large volume hemoptysis. 
Symptoms began approximately 3 days 
prior with cough productive of light 
green sputum accompanied by increasing 
dyspnea, posttussive emesis, and chills. 
She estimated having 2 L of hemoptysis 
over the course of the day with active 
hemoptysis (650 mL) in the ED.

Before this presentation, she had 
been on chronic steroids for sarcoidosis, 
although she was noted to be a poor 
steroid responder. She had additionally 
been on methotrexate but notably had 
been out of her medications including 
prednisone, losartan, nicardipine, and 
Symbicort, for 3 weeks before her ED 
presentation.

On physical examination, she was 
hypotensive and tachycardic. Jugular 
venous distention was present, but no 
murmurs or gallops on auscultation. 

Pulmonary exam revealed inspiratory 
and expiratory wheezes and bibasilar 
crackles.

WORKUP AND THERAPEUTIC 
INTERVENTIONS
She was admitted to the Intensive Care 
Unit, and an emergent bronchoscopy 
was performed which demonstrated 
bleeding localized to the lingula in 
addition to hyperemia of the mucosa 
with bright red streaking capillaries. 
Due to persistent bleeding, the patient 
underwent an attempt at embolization 
with interventional radiology. However, 
no site of bleeding was identified by 
arteriogram. The patient was in shock 
on admission, requiring norepinephrine 
and dobutamine, presumed from severe 
right heart failure and PH.

Computed tomography chest revealed 
interlobular septal thickening and edema 
pattern predominantly in the upper 
lobes with significant mediastinal and 
hilar lymphadenopathy in addition to 
pulmonary vein stenoses (Figures 1 and 
2). Transthoracic echo was performed 
and demonstrated severe right ventricu-
lar dysfunction in addition to severe PH 
and can be seen in Table 1. Ultimately, 
pulmonary venous hypertension second-

Key Words—sarcoidosis-associated pulmonary hypertension, pulmonary veno-occlusive disease, pulmo-
nary venous hypertension, echocardiogram
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ary to pulmonary vein obstruction was 
presumed to be the underlying etiology. 
As such, she went for heart catheteriza-
tion for further evaluation.

Right and left heart catheterization 
was performed which showed almost 
systemic pulmonary artery pressures 
with pulmonary capillary wedge pressure 
of around 30 but with left ventricu-
lar end diastolic pressure of only 11, 
consistent with pulmonary vein stenosis. 
Attempted decompression of the left 
lower and lingular pulmonary veins with 
balloon dilation was performed. Heart 
catheterization data both preballoon and 
postballoon dilation are presented in 
Table 2. Cardiac catheterization demon-
strated a significant reduction in stenosis 
with less than 20% residual stenosis 
postdilation in the left lingular pulmo-
nary vein and left lower pulmonary vein.

After pulmonary vein dilation, a 
cardiac magnetic resonance venous scan 
was completed, which demonstrated 
moderate stenosis of the right upper 
and right middle lobe pulmonary veins, 
no stenosis involving the left upper or 
left lower veins, and delayed myocardial 
enhancement at the inferior basilar wall, 
suggestive of myocardial sarcoidosis. 
Cardiac positron emission tomography 
was not pursued during or after her 
hospitalization, and her prior immu-
nosuppressive regimen was continued. 
Vasopressors were weaned during admis-
sion, and she was successfully extubated. 
Lung transplantation was considered, 
but she was deemed not to be a candi-
date due to persistent tobacco use.

FOLLOW UP
Recurrent hemoptysis in the months 
after her initial admission raised concern 
for recurrent pulmonary vein obstruc-
tion. Radiographic workup showed 
continued mediastinal lymphadenopathy 
and improved interstitial edema from 
prior study. Transthoracic echocardio-
gram was obtained 4 months after initial 
presentation and showed mild increase 
in pulmonary artery pressure, right 
ventricular dysfunction, and reduction in 
right ventricular size. Echocardiogram 
data are shown in Table 1. Magnetic res-
onance imaging and magnetic resonance 
angiography showed severe stenosis of 
the left upper pulmonary vein which was 

unchanged from prior, stable left upper 
lobe hypoperfusion with slight decrease 
in the left inferior pulmonary vein 
narrowing, minimal decrease in steno-

sis at the confluence of the right upper 
and middle pulmonary veins, as well as 
normal left and right ventricular systolic 
function.

Figure 1: Contrast-enhanced chest computed tomography image shows stenosis of the left 
superior pulmonary vein (arrow) and left hilar and subcarinal lymphadenopathy.

Figure 2: Contrast-enhanced chest computed tomography image shows stenosis at the confluence 
of the middle lobe pulmonary veins (arrow) and right hilar and subcarinal lymphadenopathy.
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Due to persistent significant thoracic 
adenopathy despite compliance with 
prednisone and methotrexate, she was 
initiated on infliximab, which unfortu-
nately did not result in any shrinkage of 
her hilar and mediastinal lymphadenop-
athy and was ultimately discontinued.

She subsequently underwent multi-
ple pulmonary vein stents and balloon 
dilations performed at 12, 21, and 29 
months after her initial presentation, 
and catheterization data are presented in 
Table 2. Left lower pulmonary vein, left 
upper pulmonary vein, and right lower 
pulmonary vein stents were placed 1 
year after her initial hospitalization for 
hemoptysis. Nifedipine was initiated for 
possible pulmonary venodilation effect 
but was ineffective.

Two and a half years from initial 
presentation, she was again hospitalized 
for severe PH and right heart failure 
with hemoptysis and possible pneumo-
nia. Mechanical ventilation, inotropic 
support, and veno-arterial extracorporeal 
membrane support was provided, but 
she unfortunately suffered a subarach-

noid hemorrhage, and life-supporting 
measures were withdrawn.

DISCUSSION
In our patient, pulmonary venous 
hypertension due to pulmonary vein 
obstruction secondary to compressive 
adenopathy from underlying sarcoidosis 
was temporized with pulmonary vein 
dilation and stenting with subsequent 
improvement in pulmonary vascular 
pressures and functional status. Agents 
including prednisone, methotrexate, 
and infliximab were unfortunately 
unsuccessful in significantly improving 
her compressive adenopathy. Despite 
this, pulmonary vein balloon dilations 
and stenting were able to provide 2.5 
additional years and allow her to return 
home.

Pulmonary sarcoidosis is not limited 
to the lung parenchyma and lymph 
nodes but can affect the pulmonary 
vasculature as well. This can be from 
compressive adenopathy or granuloma 
formation within the pulmonary arte-
rial and venous systems. On autopsy, 

granulomas have been observed in mul-
tiple pulmonary venous vascular layers, 
causing vessel fibrosis and luminal 
narrowing.5 Our patient was diagnosed 
with postcapillary PH secondary to 
pulmonary venous obstruction from 
compressive mediastinal and hilar 
adenopathy in the setting of underlying 
sarcoidosis. As in our patient, pulmo-
nary venous stenosis can present with 
massive hemoptysis, which can be life 
threatening and difficult to diagnose on 
routine imaging.6 Corticosteroids are 
the foundation of sarcoidosis manage-
ment, but their efficacy for SAPH has 
been mixed.7 If the pulmonary venous 
stenosis is secondary to extrinsic com-
pression from bulky mediastinal and 
hilar adenopathy, then corticosteroids 
can lead to an improvement in pulmo-
nary vascular pressures. In a study by 
Nunes et al,8 treatment with cortico-
steroids led to a reduction in systolic 
pulmonary arterial pressures in patients 
with nonfibrotic SAPH, but there was 
no benefit in patients with fibrotic 
SAPH. In our patient, corticosteroids 

Table 1. Echocardiographic data from initial presentation, both preballon and postballoon angioplasty of left lingular and left lower pulmonary 
veins; 4-month follow up; 12-month urgent evaluation of right heart function before stenting; 21 months later, both preballoon and postballoon 
angioplasty; and admission for severely progressive pulmonary hypertension requiring veno-arterial extracorporeal membrane oxygenation

Echocardiogram

Initial presentation

Time from initial presentation (mo)

4 12 21 29

Baseline Postballoon Baseline (Limited exam) Baseline Postballoon Baseline

LVEF (%) 85 70 65 70 70 65 70

LV size (mm) 28.5 37.4 24.3 NA 36.8 45.9 33.5

LVOT peak velocity 
(cm/s)

196 115.9 127 NA 124.1 125.8 129

PA peak pressure 
(mmHg)

106 50 62 91 70 77 109

RV size (mm) 43.7 NA 39 NA 36.1 41.3 42.7

TAPSE (cm) 1.3 1.8 2.4 NA 2.3 2 1.7

Estimated CVP (mmHg) 25 NA 8 15 5 5 15

RV function Severely 
reduced

Normal Mildly 
reduced

Moderately 
reduced

Moderately 
reduced

Mildly 
reduced

Moderately 
reduced

RA size 43.7 NA 39 NA 36.1 41.3 42.7

PV regurgitation Moderate Mild None Mild Mild Mild Mild

TV regurgitation Moderate Mild Mild NA Moderate Mild Moderate

AV regurgitation Mild Moderate None NA Mild Mild Mild

MV regurgitation Mild Trivial None NA None None None

Abbreviations: AV, aortic valve; CVP, central venous pressure; LV, left ventricle; LVEF, left ventricular ejection fraction; LVOT, left ventricular 
outflow tract; MV, mitral valve; NA, not applicable; PA, pulmonary artery; PV, pulmonic valve; RA, right atrium; RV, right ventricle; TAPSE, 
tricuspid annular plane systolic excursion; TV, tricuspid valve.
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were not effective in improving pulmo-
nary venous obstruction and PH.

Patients with pulmonary venous 
obstruction due to external vascular 
compression can undergo pulmonary 
vein angioplasty and stenting to relieve 
the obstruction in an effort to improve 
pulmonary vascular pressures and right 
heart failure.9,10 In a small case series, 
pulmonary vein angioplasty and stent-
ing in the setting of pulmonary vascular 
compression from bulky lymphadenop-
athy led to clinical and hemodynamic 
improvement.9 Pulmonary vein angio-
plasty and stenting is a viable option for 
patients interested in prolonging life or 
as a bridge to lung transplantation.

Based on small series and nonran-
domized trials, pulmonary vasodilator 
therapy may have a role in treatment of 
patients with precapillary SAPH but 
carries an increased risk of develop-
ing pulmonary edema and respiratory 
failure in patients with postcapillary 
component. Despite the increased risk, 
there have been case reports and small 
case series of pulmonary veno-occlusive 
disease (PVOD) patients improving 
with pulmonary vasodilator therapy.11,12 
For example, a small case series demon-
strated hemodynamic improvement 
with cautious epoprostenol therapy as a 
bridge to lung transplant in 12 patients 
with PVOD.13 In SAPH patients, 

granuloma formation may not be limited 
to the pulmonary venous system but can 
involve the pulmonary arterial system, 
a scenario in which PH vasodilatory 
therapy could be beneficial.

Patients with SAPH have poor long-
term prognosis, with a 5-year survival 
ranging from 40%–55%.10 The multi-
factorial nature of these patients’ PH 
can create diagnostic dilemmas when 
trying to elucidate the primary driver of 
right ventricular failure, which in turn 
leads to difficulty while choosing the 
most appropriate treatment options. 
Ultimately, lung transplantation is the 
curative treatment option but carries its 
own risks and benefits. These patients 

Table 2. Left and right heart catheterizations from initial presentation, both preballoon and postballoon dilatation of left lingular and left lower 
pulmonary veins; 12 months later, both pre-intravascular and postintravascular stenting of left lingular, left lower, and right lower pulmonary 
veins; 21 months later, both preballon and postballoon dilatation of in-stent and native stenosis of the left lower, left upper, and right lower 
pulmonary veins; and 29 months later, veno-arterial extracorporeal membrane oxygenation (VA-ECMO) insertion and attempt balloon 
angioplasty of pulmonary veins

Cardiac 
catheterizations, 
mean pressure 

(mmHg)

Initial presentation

Mo after initial presentation

12 21 29

Preballoon Postballoon Prestent Poststent Preballoon Postballoon

VA-ECMO, 
balloon 

dilatation

RA 15 17 12 NA 10 12 NA

RVEDP 27 25 10 NA 15 NA 108

PA NA NA NA 49 51 NA 66

LPA 66 66 51 NA 49 NA NA

RPA 66 NA 48 NA 50 NA 42

LPCWP 30 23 NA NA NA NA NA

RPCWP 26 NA 18 14 15 NA 29

Ao 79 88 NA NA 75 NA 80

LVEDP 11 NA NA 14 10 NA NA

LA 11 12 10 14 10 NA 11

LLPV 16 26 28 14 14 12 12

LLiPV 68 25 NA NA NA NA NA

LUPV 25 NA 38 14 35 12 NA

RUPV NA NA 14 14 11 11 NA

RLPV NA NA 35 14 22 12 NA

% Stenosis

RLPV 60–70 NA NA NA NA NA 50

LLiPV 70–80 <20 NA NA NA NA NA

LLPV 70 <20 NA NA NA NA 50–75

LUPV NA NA NA NA NA NA 100

Abbreviations: Ao, aorta; LA, left atrium; LLiPV, left lingular pulmonary vein; LLPV, left lower pulmonary vein; LPA, left pulmonary artery; LPCWP, 
left pulmonary capillary wedge pressure; LVEDP, left ventricular end diastolic pressure; LUPV, left upper pulmonary vein; NA, not applicable; 
PA, main pulmonary artery; RA, right atrium; RLPV, right lower pulmonary vein; RPA, right pulmonary artery; RPCWP, right pulmonary capillary 
wedge pressure; RUPV, right upper pulmonary vein; RVEDP, right ventricular end diastolic pressure.
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should be managed in an experienced 
PH center given the complex nature of 
their PH.

TEACHING POINTS

1.	 SAPH has several mechanisms of 
pathogenesis including PAH, left 
heart disease, fibrotic lung disease, 
pulmonary vascular stenosis, com-
pressive adenopathy, and fibrosing 
mediastinitis.

2.	 Hemoptysis is a rare presentation 
of SAPH from pulmonary venous 
obstructive disease.

3.	 The multifactorial pathogenesis 
of SAPH portends high mor-
tality and diagnostic challenges, 
with 5-year survival estimated at 
40%–55%.

4.	 There is insufficient data with 
corticosteroids improving SAPH 
from all mechanisms.

5.	 Pulmonary venous stenosis from 
compressive adenopathy may 
initially be treated with cortico-
steroids, with consideration for 
balloon angioplasty if there is no 
improvement.

6.	 Vasodilator therapy can be cau-
tiously considered in patients with 
SAPH if granulomatous involve-
ment of the pulmonary arterial 
system is a suspected mechanism.
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