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Early Work on Pulmonary Vascular Regulation

● 1855: Ludwig measures pulmonary arterial pressure (PAP) using a 

U-tube Hg manometer

● 1876: Lichtheim shows that asphyxia increases PAP

● 1894: Bradford and Dean confirm Lichtheim’s findings
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Invention of the Cardiac Catheter

● 1929: Forssman inserts a ureteral catheter into his own heart

● 1944: Cournand and Richards use a modified ureteral catheter to 

measure right atrial pressure, right ventricular pressure, and PAP

1956 Nobel 
Prize



Werner Forssman (1904-1979)

“We’re running a clinic, not a 

circus!”

● Clinical privileges were 

suspended after 

self-catheterization, leading him to 

abandon career in cardiology 

● Shocked to hear that he received 

Nobel Prize
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Discovery of Hypoxic Pulmonary Vasoconstriction 
(HPV)

● 1946: von Euler and 

Liljestrand demonstrate that 

a decrease in inspired 

oxygen increases PAP

● Speculate that regional 

control of pulmonary blood 

pressure could provide 

mechanism for matching 

V/Q  O2:       20%          10%         20%            100%
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● 1948: Nissel demonstrates that 

hypoxic pulmonary 

hypertension results from 

changes in pulmonary vascular 

resistance

● 1955: Cournand et al. 

demonstrate that HPV occurs 

in local areas of hypoxia

● 1966: Kato and Staub 

demonstrate that HPV occurs 

in the small pulmonary arteries
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1990: Endothelin found to be released from intima of intact arteries. Further, the 
release of endothelium-derived NO inhibits production of endothelin.

1993: Expression of endothelin-1 in lungs of patients with pulmonary 
hypertension. Increased expression of endothelin-1 in vascular endothelial cells is 
found in pulmonary hypertension. Definitive link between endothelin-1 and 
vascularly abnormal pulmonary hypertension.

2001: Consistent inhibition of HPV by ET-1 receptor antagonists in intact animals 
suggests that ET-1 plays an important physiological role.
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Mechanisms of HPV

1999: The constant controversy surrounding HPV origination/regulation/ 
maintenance finally begins to clear. A model is put forward insisting that the 
endothelium (and therefore its derived mediators) have a role to play in sustained 
constriction of vessels.

2004: A key event in hypoxic pulmonary vasoconstriction (HPV) is the elevation in 
smooth muscle intracellular Ca2+ concentration. How it gets in, the pathways 
involved, and how the oxygen is sensed is still heavily debated in 2004. ROS 
seems a likely key to the HPV puzzle but specifics on how the ROS does so are 
unclear at this point



Mechanisms of HPV
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● 2010: Discovery of malonyl-CoA decarboxylase’s role in pulmonary 
hypertension 
○ Mice with MCD KOs are resistant to hypertension

● 2011: Sildenafil - not newly discovered, but re-evaluated 
○ Sildenafil inhibits PDE-5, causing vasodilation 
○ Rats with PH-LHD (pulmonary hypertension due to left heart disease) 

treated with sildenafil resulted in decreased pulmonary vascular 
thickening and resistance
 

● 2013: Discovery of peptide apelin’s involvement in pulmonary vascular 
homeostasis  
○ Patients with PH found to have attenuated apelin expression but 

increased FGF-2 expression  in pulmonary artery endothelial cells
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Biomedical advancements 

● 2016: Kaddoura developed 
algorithm for acoustic 
pulmonary hypertension 
diagnosis 
○ Differentiate heart 

sounds of patients with 
or without pulmonary 
hypertension 

○ Physicians have a false 
negative rating of 68%, 
whereas the algorithm’s 
detection rate is 23% 
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Future of Pulmonary Hypertension Research 

1) Integration of genomics, epigenomics, proteomic, and metabolomic 
methods 

● Genomics & epigenomics 
○ How come certain genomic or epigenomic changes alter only the 

pulmonary vasculature but not that of the systemic? 
● Proteomic 

○ Currently not much is known about post-translational protein 
modifications that can affect vascular remodeling 

● Metabolomic 
○ What other metabolites are involved in pulmonary hypertension? Can 

the formation of these metabolites be inhibited? 



Future of Pulmonary Hypertension Research 

2) Technology Advancements 

● Imaging system 
○ High resolution angiographic imaging 



Future of Pulmonary Hypertension Research 

3) Improvements in Treatment 
● <20% of PH patients respond to conventional vasodilators 
● Expensive 

○ $13 000 - $90 000 per year for drugs 
● Improvement in target drug delivery 
● Improvement in early diagnosis 
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