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Inflammation Drives Pulmonary Arterial Hypertension
Neil M. Goldenberg, M.D., Ph.D., Benjamin E. Steinberg, M.D., Ph.D.

From the Department of Anesthesia and Pain Medicine, Hospital for Sick Children (Sickkids), and Sickkids Research Institute, Toronto, Ontario, Canada.

Copyright © 2019, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. All Rights Reserved. Anesthesiology 2019; 130:820–1

ALNANETanetalnALNALN0003-30221528-1175Lippincott Williams & WilkinsHagerstown, MD10.1097/ALN.0000000000002561

Images in Anesthesiology

Brian P. Kavanagh, M.B., F.R.P.C.P., Editor2018xxxxxxxxxxxxXXX510201872018

LWW

Brian P. Kavanagh, M.B., F.R.C.P.C., Editor

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/130/5/820/390315/20190500_0-00027.pdf by guest on 02 April 2024



IMAGES IN Anesthesiology

Images in Anesthesiology Anesthesiology 2019; 130:820–1 821

Patients with pulmonary arterial hypertension (Group 1 
pulmonary hypertension, including idiopathic, heritable, 

connective tissue disease–associated, congenital heart dis-
ease–associated pulmonary arterial hypertension, and oth-
ers) present for noncardiac surgery with an exceptionally 
high risk of morbidity and mortality even when compared 
to patients with other forms of pulmonary hypertension.1 
Current pulmonary arterial hypertension–specific therapies 
are primarily pulmonary vasodilators. Yet pulmonary vaso-
constriction only partially explains disease pathology, and the 
development of better therapies necessitates a deeper under-
standing of pulmonary arterial hypertension pathogenesis. 
Indeed, evidence links the immune system to pulmonary  
arterial hypertension pathogenesis (see fig.) and has funda-
mentally shifted our understanding of the disease mechanism.2

In pulmonary arterial hypertension lungs, endothelial 
apoptosis and the subsequent proliferation of an abnormal, 
reprogrammed subset of endothelial cells form a neointimal 
layer (fig. element 1). Smooth muscle cells hypertrophy and 
proliferate, leading to medial thickening and loss of vascular 
compliance (fig. element 2). Together, these phenomena nar-
row the vessel lumen, impeding blood flow. In the adventitia, 
lymphocytes, macrophages, dendritic cells, and mast cells form 
tertiary lymphoid tissue, which produces cytokines, autoanti-
bodies, and other soluble mediators (fig. element 3). Release  
of these mediators from immune cells and activated fibroblasts 
further recruits immune cells (fig. element 4). These changes 
perpetuate vascular damage and drive pulmonary arterial 
hypertension. Protective elements of the immune system, how-
ever, including regulatory T cells,3 help dampen this response.

Anesthesiologists will welcome agents for perioperative 
optimization of these high-risk patients.
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