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1. Introduction

The coronavirus disease of 2019 (COVID-19) is an infectious disease that emerged in the Chinese city of Wuhan in

December 2019  and rapidly extended worldwide, leading to its declaration as a pandemic disease by the World Health

Organization on 11 March 2020 . By 30 June 2020, the rapid spread of the virus has caused more than 10,000,000

cases and more than 500,000 deaths all over the world (source: https://www.worldometers.info/coronavirus/).

COVID-19 is caused by the severe acute respiratory coronavirus 2 (SARS-CoV2), an RNA virus of the family

Coronaviridae. Common symptoms include fever, cough, sore throat, and dyspnea , while the most severe cases

develop pneumonia and acute respiratory distress syndrome (ARSD), requiring admission to the intensive care unit in up

to 20% of hospitalized patients . Reported data suggest an overall mortality rate ranging from 0.3 per 1000 cases in

patients aged under 18 to 305 per 1000 cases in elderly people (>85-year-old) .

Precapillary pulmonary hypertension (PH) includes a variety of diseases leading to increased pulmonary artery pressure

(≥25 mmHg) in the presence of normal pulmonary capillary wedge pressure (<15 mmHg) and a pulmonary vascular

resistance >3 Wood units at rest . Among them, pulmonary arterial hypertension (PAH) and chronic thromboembolic

pulmonary hypertension (CTEPH) constitute a particular group due to its relation to poor quality of life and shortened

survival :

PAH is a rare, noncurable disease characterized by an aberrant pulmonary vascular remodeling that may be either

idiopathic or related to different clinical conditions . PAH-related histological changes include endothelial damage and

dysfunction, vasoconstriction, vascular cell proliferation leading to vascular obliteration and wall thickening, and,

eventually, to the formation of plexiform lesions . Furthermore, there is a marked component of perivascular

inflammation and microthrombosis .

CTEPH constitutes a different group of precapillary PH secondary to the obstruction of the pulmonary arteries by

organized thrombus after a pulmonary embolism. These pulmonary vascular changes induce small-vessel

vasculopathy consisting of altered vascular remodeling initiated or potentiated by a combination of defective

angiogenesis, impaired fibrinolysis, and endothelial dysfunction .

The resultant increased pulmonary arterial pressures in PAH and CTEPH contribute to a further increase of the right

ventricular afterload, thus leading to right ventricular dysfunction and reducing survival among affected patients, being

heart failure the most common cause of death . Hospitalizations for cardiovascular and non-cardiovascular diseases

are common in these groups of patients and carry a high mortality risk, being especially high in patients admitted to the

intensive care unit .

Patients with previous cardiovascular risk factors or a cardiovascular disease seem to be at a higher risk of developing

severe forms of SARS-CoV-2, with higher rates of mortality described in this population . Moreover, the shortage

of equipment needed to care for critically ill patients in some areas has led to difficult decisions, and the patient’s short-

term likelihood of surviving the acute medical episode has remained the rationale for rationing. As physicians, bearing this

reality in mind, it seemed straightforward to assume that PAH and CTEPH patients were at a higher risk of developing

severe forms of the disease and that their chances of recovering from such an insult were scarce.
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Noteworthy, some case-series have repeatedly presented the unexpected favorable outcome of COVID-19 infection in

this population, suggesting that these patients could be somehow protected against severe forms of the disease .

However, whether this protection is due to receiving therapy, to their special awareness about their particular risk factor or

any other physiological condition related to the disease is still a remaining question.

With this comprehensive review, we aim to describe the effects of SARS-COV-2 in the pulmonary circulation and the

possible differential features in patients exhibiting pulmonary microvasculopathy, such as PAH and CTEPH patients, since

we believe it will help to further understand COVID-19 and its pulmonary consequences ((Figure 1).

Figure 1. Graphic representation of common pathobiological characteristics between Coronavirus Disease of 2019 and

pulmonary hypertension and the possible mechanisms leading to reduced virulence and severity in this population. ACE2

= angiotensin-converter enzyme 2; OAC = oral anticoagulant.

2. Endothelial dysfunction, inflammatory response, and thrombosis in
COVID-19

Severe COVID-19 is characterized by a disproportional inflammatory response to an initial acute lung insult, which

aggravates the lung injury and leads to a severe hypoxemic respiratory failure and, ultimately, to death .

Thus, in severe cases, the initial adaptive immune response necessary to eliminate the virus is followed by a severe and

persistent inflammatory reaction, which appears to govern the clinical picture at this point, leading to further lung

destruction and, therefore, ARDS. This exaggerated inflammation is mediated by several cytokines (IL-6, IL10, TNF-α,

INF-γ), as well as mononuclear cells and neutrophils . IL-6 is the central element of this cytokine storm by

stimulating the expression of other cytokines and promoting edema . The level of cytokines is higher in those patients

who require admission to intensive care units in whom their lymphocyte count is lower. This finding suggests that the low

absolute lymphocyte count observed in COVID-19 patients could be a consequence of the high serum cytokines

concentrations that negatively regulate T-cell survival and proliferation . Furthermore, T cells in COVID-19 express high

levels of programmed cell death-1, an indicator of T-cell exhaustion . Thus, it seems that the severe clinical picture

described in COVID-19 patients is mediated by this inflammatory response responsible for both lung injury and impaired

cellular immunity, which hampers the fight against the viral infection .

This immune response to the SARS-Cov-2 infection is more severe than that produced in other viral infections . Older

patients and those with previous comorbidities, which may present a chronic subclinical inflammatory status, could be at a

higher risk of developing this cytokine storm. This could explain, at least in part, the worse prognosis described in these

groups .

On histology, the lungs of COVID-19 patients present diffuse alveolar damage with “necrosis of alveolar lining cells,

pneumocyte type 2 hyperplasia, and linear intra-alveolar fibrin deposition” . The inflammatory infiltrates described in

COVID-19 lungs differs from that described in H1N1 influenza lungs, with a predominant infiltration of CD4-positive T cells

and a lower number of CD8-positive T cells and neutrophils in COVID-19 lungs . Furthermore, there is also an

extensive macrophagic infiltration contributing to the alveolar damage 
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These inflammatory and the above-described procoagulant statuses are not isolated phenomena. The mechanisms

leading to the activation of a coagulation cascade in COVID-19 are not well-defined but seem to be related to the

inflammatory response also responsible for the endothelial damage and include the releasing of procoagulant factors 

. COVID-19 pneumonia has some clinical, analytic, and histological similarities with macrophage activation syndrome

(MAS), including the cytokine storm and high ferritin levels . This is the rationale for the use of anti-cytokine

therapies and corticosteroids in severe COVID-19 patients . This MAS-like inflammatory response triggers the

expression of the active tissue factor, which leads to a massive coagulation cascade activation, with the ulterior

development of thrombotic events and widespread pulmonary microangiopathy . These endothelial damages and

coagulation activations are enhanced by local hypoxia constituting a deleterious vicious circle .

Furthermore, the detection of serum marker-specific neutrophil extracellular traps (NETs) in COVID-19 patients suggests

a pivotal role of these structures in the marked inflammatory and prothrombotic responses. NETs are extracellular webs of

chromatin, microbicidal proteins, and oxidative agents released by neutrophils to contain infections. The uncontrolled

release of NETs leads to a procoagulant status and widespread inflammation . Thus, an increased neutrophil-to-

lymphocyte ratio is related to a severe COVID-19 course due to a disproportionate innate immune response leading to the

release of cytokines and inflammatory infiltrates with tissue necrosis .

Thus, it seems that severe ARDS and widespread thrombosis are complementary phenomena leading to the severe

clinical course described in COVID-19 patients .

3. Pulmonary Hypertension: A Paradigm of Endothelial Dysfunction

We have described how SARS-Cov-2 has an affinity for endothelial cells affecting not only pulmonary circulation but to

other vascular territories (heart, gut, brain, and kidney). This becomes even more evident in patients with previous

endothelial dysfunctions, such as hypertension or diabetes mellitus .

Endothelial dysfunction is one of the most relevant hallmarks and a critical contributor determining the onset and

progression of PH. Pulmonary vascular endothelium controls the blood barrier integrity, the vascular tone by producing

vasodilator and vasoconstrictor molecules and, also, optimizes the gas exchange in different conditions, being the main

player in maintaining the vasomotor balance and vascular-tissue homeostasis. Also, the integrity of the endothelial barrier

is essential for controlling an inflammatory and thrombosis-free surface. Therefore, an alteration of the endothelium leads

to a pro-edematous, pro-vasoconstriction, prothrombotic and proinflammatory phenotype, which eventually alters the cell

metabolism and oxidative stress, leading to a pro-proliferative and antiapoptotic phenotype all responsible in the last

instance of the PH phenotype .

Pulmonary vascular remodeling in PAH and CTEPH is not only caused by the proliferation of different cells in the arterial

wall but by the loss of precapillary arteries and by a severe chronic perivascular inflammatory infiltrate . These

conditions constitute a paradigm of endothelial dysfunction with a propensity to vasoconstriction; thrombosis; the

production of reactive oxygen species; the expression of adhesion molecules (E-selectin, ICAM-1 and VCAM-1) and a

massive release of cytokines and growth factors . Thus, a devastating effect of COVID-19 would be expectable in these

patients.

Few cases of COVID-19 in PAH and CTEPH patients have been reported. This observation may be explained by the low

prevalence of these diseases and by the increased awareness of chronic patients with a special emphasis on social-

distancing measure compliances . However, we have recently published our surprisingly positive experience with

COVID-19 in our PAH  and CPTEH  populations without any of them requiring intensive care and any deaths

reported. Furthermore, a similar benign course has been observed in other centers , with no published reports

suggesting particularly adverse outcomes  (Figure 2). Although the proportion of patients requiring intubation is similar

to that described for the global COVID-19 population , it must be highlighted that these case-series represent a very

biased population constituted only by those symptomatic patients who required hospitalization. We hypothesize that a

high proportion of PAH and CTEPH patients infected by SARS-Cov-2 might have developed a mild or even an

asymptomatic course and were not tested for SARS-Cov-2. Thus, the low prevalence of COVID-19 in PH patients might

also be explained by this low proportion of patients with severe symptoms requiring medical attention (and, subsequently,

being tested for SARS-Cov-2). The Spanish pulmonary hypertension registry is currently collecting information about all

PAH and CTEPH patients diagnosed with COVID-19, aiming to improve our knowledge of the prognostic implications of

the disease in this population.
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Figure 2. Reported cases and outcomes of the coronavirus disease of 2019 among pulmonary arterial hypertension and

chronic thromboembolic pulmonary hypertension patients. PH: Pulmonary hypertension, PAH: Pulmonary arterial

hypertension and CTEPH: Chronic thromboembolic pulmonary hypertension.

The chronic pathological findings in PAH and CTEPH somehow remind of those found in COVID-19 specimens. In fact,

some experimental treatments tested for PAH such as recombinant ACE2, synthetic vasoactive intestinal peptide or IL-6

antagonists are already being tested in clinical trials for COVID-19 pneumonia, which support the hypothesis of

pathophysiological similarities between both conditions . This makes this population extremely vulnerable to acute

conditions, especially to those causing severe respiratory failure . In fact, infectious conditions are a common cause of

decompensated right heart failure and death in these patients .

Although our observations of a benign course in PAH and CTEPH patients require caution, we described some

pathophysiological characteristics that could explain this benign course .

4. Conclusions

Pulmonary damage associated to COVID-19 is a complex merge of different interrelated physiopathological processes in

which endothelial dysfunction seems to play a pivotal role, leading to the development of thrombosis and vasomotor

disturbances responsible for severe respiratory failure.

Although the scarcity of available data requires caution, the reported lethality of COVID-19 among PAH and CTEPH

patients is low. The epidemiologic and prognostic impacts of COVID-19 in this population should be evaluated through

international registries.

The role of chronic anticoagulation and specific PH therapies as protective measures against the described endothelial

dysfunctions requires further investigation with placebo-controlled randomized trials, avoiding futile or even harmful

interventions.

Last, due to severe endothelial dysfunctions, the higher incidences of thrombotic events and possible residual lung

fibrosis, COVID-19 patients may require tight follow-ups to discard the possibility of PH as a chronic sequela of the

disease.
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