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Pulmonary arterial hypertension (PAH) is a progressive and 
a life-threatening condition characterized by high pulmonary 
blood pressure, remodeling of small pulmonary blood vessels 
and increased vascular resistance leading to right heart failure. 
According to the 6th World Symposium on Pulmonary 
Hypertension, PAH is defined by concomitant elevation of three 
parameters: mean pulmonary arterial pressure (mPAP) > 20 
mmHg; pulmonary arterial wedge pressure (PAWP) ≤15 mm 
Hg; pulmonary vascular resistance (PVR) ≥ 3 Wood Units.1 

The right heart failure is due to a persistent remodeling that 
gradually obstructs and obliterates the peripheral pulmonary 
arteries that causes vasoconstriction and increases right 
ventricle afterload. Many efforts have been made to treat 
PAH. However, there are still few successful and promising 
pharmacological treatments for this devasting disease, as a 
consequence, PAH-related survival remains disappointing.2 
Thus, several researches on pulmonary hypertension 
pathophysiology have focused on a better comprehension 
of the angioproliferation process and plexiform lesions. 
The role of increased blood flow in the pulmonary vascular 
bed is considered one of the main triggering factors to the 
development of pulmonary vascular remodeling.2-4 

Plexiform lesions are vascular structures that occur 
in idiopathic PAH, but also in other forms associated 
with heart deviation from left to right, connective tissue 
disease, HIV infection, CREST syndrome, liver cirrhosis and 
Schistosomiasis.1-3 The plexiform lesions presence contributes 
to the development of a severe form of PAH. It is characterized 
by disorganized cellular proliferation in glomeruloid structures, 
represented by a disordered angiogenesis process. Whether 
they represent morphologic sequelae of an abnormal high 
intravascular pressure or contribute actively to the disease 
development is still being studied.3 

In the last decades, some rodent models have been 
pivotal in human pulmonary hypertension studies: chronic 
hypoxia model; monocrotaline (MCT) induced pulmonary 
hypertension; unilateral left pneumonectomy combined 

with MCT or SU5416 (Sugen) models.5-7 Decisively, they 
have contributed to a better understanding of the peripheral 
pulmonary artery neointimal lesion formation. Nevertheless, 
in chronic hypoxia model, the remodeling vessels do not show 
expected luminal reduction by intimal growth and complex 
vascular injuries as observed in more severe human PAH.5 The 
MCT lung injury model causes some endothelial dysfunction, 
but the obliterative vascular lesions observed in human severe 
PAH are not observed in rats. In addition, with MCT dosing, 
rats tend to die frequently from pulmonary toxicity, myocarditis 
and veno-occlusive liver disease rather than due to PAH. In 
other words, the classic models have failed to induce abnormal 
endothelial cells proliferation able to result in plexiform 
lesions.6,7 The unilateral left pneumectomy model applying 
MCT or Sugen was perform to induce endothelial dysfunction. 
After about 6-8 weeks, rats’ lungs showed plexiform, neointimal 
vasculopathy and obstructed peripheral pulmonary arteries. 
However, the main limitation of this method is that it requires 
general surgical skills, that is, it demands an even more 
restricted study environment for researchers.8 

In this issue, Gewehr et al.9 in an isolated MCT model showed 
for the first time the presence of complex lesions, especially 
plexiform-like ones, similar to those observed in patients with 
severe PAH. In that study, the development of muscularization, 
middle layer hypertrophy and intimal/neointimal proliferation 
were characterized as initial and reversible changes at the 
anatomopathological point of view. With 30 days under 
the MCT effect, the rats already presented right ventricular 
hypertrophy. Although, a progressive remodeling process 
especially with plexiform lesions, more evident on the 37th day, 
can be considered as usually irreversible changes. That results 
in more severe hemodynamic repercussions and early mortality 
as observed in human PAH. A peculiarity that may justify the 
plexiform lesions findings in the study may be related to the 
extended observation time of 37 days, longer than previous 
studies, and to a more rigorous pulmonary anatomopathological 
analysis. In fact, the complex vascular lesions appearance in PAH 
is time-dependent, the longer the time of exposure to MCT, 
the greater the chances of progression to plexiform lesions with 
signs of heart failure such as pleural effusion, ascites and liver 
congestion. Mortality of 50% of rats was observed on the 37th 
day. Whether MCT-treated rats died due to PAH or with PAH is 
difficult to determine. What it can be sure is that PAH is a serious 
progressive disease and the plexiform lesion represents a more 
advanced and irreversible stage of PAH. The MCT-alone model 
highlights that more patience and rigor can provide insights in 
the development of plexiform lesions investigations. In addition, 
it prospects for testing new drugs to prevent injuries or even 
regress established plexiform lesions in PAH.DOI: https://doi.org/10.36660/abc.20200832

491

https://orcid.org/0000-0003-3226-2788


Short Editorial

Yoo
Plexiform Lesions in Pulmonary Arterial Hypertension

Arq Bras Cardiol. 2020; 115(3):491-492

This is an open-access article distributed under the terms of the Creative Commons Attribution License

1.	 Simonneau G, Montani D, Clermajer DS, Denton CP, Gatzoulis MA, Krowka 
M, et al. Haemodynamic definitions and updated clinical classification of 
pulmonary hypertension. Eur Respir J. 2019;53(1):1801913. 

2.	 Tuder RM, Abman SH, Braun T, Capron F, Stevens T, Thistlethwaite PA, et al. 
Development and pathology of pulmonary hypertension. J Am Coll Cardiol. 
2009;54(1):S3-S9.

3.	 White RJ, Meoli DF, Swarthout RF, Kallop DY, Galaria II, Harvey JL, et al. 
Plexiform-like lesions and increased tissue factor expression in a rat model of 
severe pulmonary arterial hypertension. Am J Physiol Lung Cell Mol Physiol. 
2007;293(3):L583-90. 

4.	 Dickinson MG, Bartelds B, Borgdorff MAJ, Berger RMF. The role of disturbed 
blood flow in the development of pulmonary arterial hypertension: lessons 
from preclinical animal models. Am Am J Physiol Lung Cell Mol Physiol. 
2013;305(1): L1- L14

5.	 Phillips PG, Long L, Wilkins MR, Morrell NW. cAMP phosphodies- terase 
inhibitors potentiate effects of prostacyclin analogs in hypoxic pulmonary 

vascular remodeling. Am J Physiol Lung Cell Mol Physiol. 2005;288(1): 
L103-115

6.	 Schermuly RT, Kreisselmeier KP, Ghofrani HA, Yilmaz H, Butrous G, Ermert L, 
et al. Chronic sildenafil treatment inhibits monocrotaline-induced pulmonary 
hypertension in rats. Am J Respir Crit Care Med. 2004;169(1):39-45. 

7.	 Cahill E, Rowan SC, Sands M, Banahan M, Rayan D, Howell K, et al. The 
pathophysiological basis of chronic hypoxic pulmonary hypertension in the 
mouse: vasoconstrictor and structural mechanisms contribute equally. Exper 
Physiol. 2012;97(6):796-806.

8.	 Katz MG, Fargnoli AS, Gubara SM, Bisserier M, Sassi Y, Bridges CR, et al. The 
Left Pneumonectomy Combined with Monocrotaline or Sugen as a Model 
of Pulmonary Hypertension in Rats.  J Vis Exp. 2019 Mar 09;145:e59050.

9.	 9. Gewehr DM, Salgueiro GR, Noronha L, Kubrusly FB, Kubrusly LF, Coltro 
GA, et al. Lesões plexiformes em modelo experimental de hipertenso 
arterial pulmonar induzida por monocrotalina. Arq Bras Cardiol. 2020; 
115(3):480-490.

References

492


