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Abstract Original Research Article

Pulmonary hypertension is a common complication of severe respiratory diseases, the prevalence of which remains
unknown. The objective of the study is to determine the clinical, functional, etiological and evolutionary profile of
patients followed for HTP associated with respiratory diseases. We report a retrospective study of 86 patients. The
average age was 56 * 8.2 years with male predominance of 62%. The most common underlying chronic respiratory
pathology was COPD (46%). The main symptom was dyspnea. The majority of COPD patients (66%) had moderate to
severe irreversible obstructive airway disease with a median FEV1 of 54% of theoretical and severe impairment of the
alveolar-capillary diffusion capacity of CO (DLCO). Cardiac ultrasound revealed pulmonary hypertension with mean
PAPS of 61mmHg. The mean value of the measured IT Vmax was 3.4 m/s. Pulmonary hypertension was more common
in patients monitored for COPD groups C and D of the GOLD classification (p = 0.01). It was correlated with the
severity of dyspnea according to the NYHA (r = 0.27). There was no correlation between the FEV1 value, the PaO2
value and the severity of PH. No correlation was found between the PAPS and the distance traveled during the 6MWT.
Patients with severe HTP had more severe exacerbations requiring more frequent hospitalizations (p = 0.003) and a
more severe BODE index (p = 0.002). Therapeutic management was based mainly on optimization of background
treatment of the underlying respiratory disease, oxygen therapy and diuretics in case of right heart failure. The clinical
course was marked by improvement of dyspnea and hypoxia in 68% of cases, twenty-four percent of patients had clinical
and functional worsening. We deplore the death of eight patients following a severe exacerbation.
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parenchyma (and vascular bed), vascular remodeling,
and inflammation.

INTRODUCTION
Pulmonary hypertension (PH) due to chronic

respiratory disease is classified in group 3 of the World
Symposium on Pulmonary Hypertension classification
system [1]. It constitutes complication during the
evolution of respiratory diseases and an indisputable
aggravating prognostic factor.

Group 3 PH is the second most common form
of pulmonary hypertension, all causes combined, after
group 2 PH (secondary to left heart disease) [2]. Its
prevalence is increasing worldwide and remains poorly
understood. Only right heart catheterization can make a
definitive diagnosis, but for technical and ethical reasons
not all patients with CKD can benefit from this
examination.

The pathophysiology of this condition is
multifactorial and complex, while the predominant
pathogenetic mechanisms include hypoxia,
vasoconstriction,  destruction of the pulmonary

Non-invasive assessment is initially undertaken
in suspected cases, referral to a specialist centre with
haemodynamic  assessment and  right  heart
catheterisation remains indicated in patients with severe
PH.

There is a lack of adequate therapeutic options
for PH in respiratory diseases. Currently available
therapies for group 1 pulmonary arterial hypertension
(PAH) have been tested in group 3 PH with mixed
results. This may reflect a lack of understanding of the
mechanisms underlying group 3 PH as well as the
heterogeneity of patients and diseases involved.

MATERIALS AND METHODS

This is a retrospective observational study,
conducted between 2015 and 2024 and focusing on
patients with PH associated with chronic respiratory
diseases.
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Echocardiography was performed in all patients
to screen for HTP and assess its severity.

All  patients underwent an etiological
assessment to rule out other causes of PH and thoracic
imaging, respiratory function tests, electrocardiogram,
and BNP and / or proBNP measurement.

PH was classified in group 3 after
multidisciplinary discussion. Right heart catheterization
was performed in two patients with severe PH or
hypoxemia disproportionate to the respiratory
impairment.

We excluded incomplete records and records of
patients with PH from other groups 1, 2, 4 or 5 and also
records of PH whose mechanism is not clearly
established.

We developed an operating sheet to collect
sociodemographic data, level of education, lifestyle,
occupation, associated comorbidities, toxic habits,
characteristics of the underlying respiratory pathology
(duration, severity), assessment of dyspnea according to
the NYHA classification, nutritional status (BMI),
thoracic imaging data, respiratory function data,
cardiovascular assessment data (VmaxIT, estimation of
PAPs , OD surface, TAPSE, presence or absence of
pericardial effusion and paradoxical septum) and
hemodynamic data ( PAPm, PAPO, RVP, POD, Qc and
IC) and quality of life assessment assessed by the
George's Respiratory Questionnaire.

Data were collected and analyzed using Jamovi
software version 1.6.7.0 Setup.

Descriptive statistics were described with
percentages for qualitative variables, mean (+standard
deviation) for normally distributed quantitative
variables, and median (interquartile range) for skewedly
distributed variables.

RESULTS

A total of 86 patients were included. The
average age was 56 * 8.2 years with male predominance
of 62%.

Sixty-four percent of patients were smokers.
52% of participants had associated comorbidity, mainly
hypertension 16%, gastroesophageal reflux 8% and 4%
of patients had obstructive sleep apnea hypopnea
syndrome.

The most common underlying chronic
respiratory disease was COPD (46%), the majority of
patients (76%) were classified as group D. Pulmonary
fibrosis was the 2nd cause of PH in 18% of cases,
sequelae of tuberculosis in 11% of cases, emphysema of
the summits fibrosis of the bases syndrome in 9%,

sequelae of tuberculosis in 8%, kyphoscoliosis 5%,
obesity hypoventilation syndrome in 2%.

The main symptom was dyspnea, 42% of
patients had NYHA class 2 dyspnea and 38% class 3.

Clinical examination found digital clubbing in
52% of cases, signs of right heart failure in 29% of cases
and cyanosis in 27% of cases.

The median BMI was 28 kg/m?, 36% of patients
had BMI >25kg/m2.

Chest CT showed emphysema bubbles in 66%
of cases, pulmonary fibrosis lesions in 27% of cases, foci
of bronchial dilation or sequelae lesions in 11% of cases
and dilated pulmonary arteries in 46% of cases.

The majority of COPD patients (66%)
presented with moderate to severe irreversible
obstructive airway disorder with a median FEV1 = 54%
of theoretical and severe impairment of the alveolar-
capillary CO diffusion capacity (DLCO).

Hypercapnic respiratory failure in 32% of
cases, isolated hypoxia in 45% of cases. The 6 minute
walk test showed desaturation during exercise in 38% of
cases with an average distance covered of 224m.

Median values of Brain Natriuretic Peptide
(BNP) or N-Terminal pro- brain natriuretic peptide (NT-
proBNP) levels were above normal values in 72% of
cases. The electrocardiogram showed hypertrophy of the
RA and/or RV in 49% of cases. Cardiac ultrasound
revealed pulmonary hypertension with a mean PAPS of
61 mmHg. The mean value of the measured IT Vmax
was 3.4m/s, pericardial effusion and paradoxical septum
were observed in 6 patients.

Pulmonary hypertension was more frequent in
patients followed for COPD group C and D of the GOLD
classification (p = 0.01). It was correlated with the
severity of dyspnea according to the NYHA (r = 0.27).
There was no correlation between the FEV1 value, the
PaO2 value and the severity of PH. No correlation was
found between PAPS, PaO2 value and distance traveled
during the 6MWT.

Patients with severe HTP had more severe
exacerbations requiring more frequent hospitalizations
(p = 0.003) and a more severe BODE index (p = 0.002).

Therapeutic management was essentially based
on optimizing the basic treatment of the underlying
respiratory disease and smoking cessation in patients
who smoke.

Treatment of right heart failure and PH was
based on oxygen therapy and diuretics, with digitalis
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prescribed in only one patient with signs of rhythm
disturbances.

Noninvasive ventilation was indicated in
patients with chronic hypercapnic respiratory failure.
Specific treatment for PAH was not prescribed in any of
our patients.

The clinical course was marked by
improvement of dyspnea and hypoxia in 68% of cases,
twenty-four percent of patients presented a clinical and
functional worsening. We deplore the death of eight
patients following a severe exacerbation.

DISCUSSION

Many chronic respiratory diseases can be
complicated by PH, the most frequently observed
pathologies are COPD, idiopathic pulmonary fibrosis,
apex emphysema-base fibrosis syndrome and
hypoventilation syndromes.

Most patients with COPD will develop mild
PH, characterized by mild elevations in pulmonary
pressures. Approximately 1-5% of patients with COPD
develop severe PH, with a mean pulmonary artery
pressure (MPAP) > 35-40 mmHg at rest [3]

In idiopathic pulmonary fibrosis, 8-15% of
patients had a mPAP > 25 mmHg at initial assessment,
with a higher prevalence in advanced stages [4, 5].

PH associated with chronic respiratory diseases
is generally classified as non-severe, with mean PAP
most often ranging from 20 to 35 mmHg at rest during a
stable period of the disease. However, it should be noted
that PH in chronic respiratory diseases, and mainly
COPD, may become transiently more pronounced during
exercise, sleep and episodes of disease exacerbation.

The presence of PH associated with lung
disease is a powerful predictor of mortality. There is an
inverse relationship between mPAP and pulmonary
vascular resistance (PVR) and survival of patients with
PH [5-7].

Regarding the pathophysiology of PH
associated with lung disease, there is a disproportionate
right ventricular dysfunction compared to PAH despite
less severe hemodynamic alteration [9].

Asin group 1 PAH, endothelial cell dysfunction
and defective cell signaling are thought to cause
uncontrolled  proliferation of endothelial cells,
fibroblasts, and smooth muscle cells with dysregulated
angiogenesis contributing to the pathophysiology of
group 3 PAH.

Transforming growth factor beta 1 (TGF- B1) is
involved in the regulation of cell proliferation and
differentiation, TGF- B1 expression is closely linked to

hypoxia-inducible factor 1 alpha (HIF-1a), and both
signaling pathways are well established in the
development of pulmonary vascular disease [10-12].

Vascular endothelial growth factor A (VEGFA)
is also induced by HIF-1a, its overexpression probably
plays a protective role in hypoxic PH [13-15].

B (PDGF B) production is stimulated by TGF- 3
1 and increases VEGFA expression, enhancing hypoxia-
induced endothelial cell proliferation. Increased
expression of angiogenesis mediators and growth factors
such as VEGF and TGF- B receptor II (TGF- B RII) was
observed in pulmonary arteries of COPD patients [16,
17].

Smoking is thought to play a central role in the
vascular changes that lead to the development of PH in
chronic respiratory diseases [18]. In vitro studies have
confirmed this hypothesis, with exposure to cigarette
smoke being responsible for a decrease in eNOS38
activity and protein expression and a decrease in
prostacyclin synthase mRNA and protein expression
[19].

Vascular remodeling due to cigarette exposure
may precede the development of clinically detectable
emphysema or airway obstruction, as observed in animal
models [20, 21].

Recent studies have identified genetic variants
that predispose to the development of group 3 PH in
chronic respiratory diseases (variants of the KDR
domain receptor that encodes VEGFR2) [22-24].

Functional signs, and in particular dyspnea, are
the consequence of both the causal condition (COPD,
fibrosis, etc.) and PH. Physical signs are late, clinical
examination may find a burst of B2 at the pulmonary
focus or a systolic murmur of tricuspid insufficiency.
Signs of right heart failure may be present especially
during severe exacerbations. The clinician may suspect
PH in the event of dyspnea or hypoxemia poorly
explained by the ventilatory disorder (disproportionate).

RV/RA hypertrophy or right heart axis
deviation on the electrocardiogram, elevated BNP/NT-
proBNP or increased pulmonary artery caliber suggest
the diagnosis of PH.

Echocardiography remains the non-invasive
diagnostic method used to assess PH, however, in more
than 50% of patients with severe respiratory failure the
TRV is not measurable with a risk of overestimating the
PAPS [25, 26].

More recent data suggest that an
echocardiographic score using other echocardiographic
features, including RA area, RV/LV ratio, and LV
eccentricity index, may be useful [27].
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Right heart catheterization is indicated in
patients who are candidates for lung transplantation, lung
volume reduction surgery, in case of suspicion of PAH
or CTEPH, and when additional information can help in
phenotyping the disease and setting up a specific
treatment. It should be performed in a stable patient after
optimized management of his respiratory disease [28-
30].

The development of severe PH does not depend
on the severity of the ventilatory disorder on spirometry,
but is usually accompanied by hypoxemia and a
significant reduction in DLCO [31-33].

According to the 2015 ESC/ERS guidelines, PH
is considered severe if mPAP >35 mmHg or mPAP >25
mmHg with Cl <2.5 L/min/m2. However, two recent
studies have shown that a PVR>5WU is a better
threshold for predicting the severity of CKD-PH [34-36].

Among the phenotypes of PH associated with
chronic respiratory diseases, a pulmonary vascular
phenotype characterized by better preserved spirometry,
low DLCO, hypoxemia and circulatory limitation to
exercise has been proposed [37].

Management of PH associated with lung
disease begins with optimization of basic treatment of the
underlying respiratory pathology, including long-term
oxygen therapy, noninvasive ventilation, diuretics in the
presence of signs of right heart failure, and pulmonary
rehabilitation.

OLD, used for more than 15 h/24 h in COPD
patients with frank hypoxemia (PaO2 < 55-60 mm Hg),
significantly improved their life expectancy. On the
pulmonary hemodynamic level, OLD resulted in either
stabilization or moderate regression of PH [38, 39].

For the establishment of a specific treatment for
PH, the data from the studies carried out are insufficient
and limited by the small number of patients, the short
duration of evaluation and the insufficiency of
hemodynamic data.

In COPD, PAH treatments are likely to impair
gas exchange by vasodilation in areas with a low
ventilation/perfusion ratio, and suppression of reflex
vasoconstriction in hypoxic areas. This effect would be
less marked with inhaled trepostinil [40, 41].

In a 16-week randomized controlled trial of 28
patients with COPD associated with severe PH
confirmed by cardiac catheterization, sildenafil
treatment  resulted in  statistically  significant
improvements in PVR and quality of life [42].

In the COMPERA registry launched in July
2007, currently 62 PH reference centers are involved.
The exploitation of data from patients treated mainly

with phosphodiesterase-5 inhibitors showed that patients
with PH associated with COPD had a worse prognosis
than patients with idiopathic PAH and that specific
treatment of PH in patients with COPD and severe PH
can improve exercise tolerance and dyspnea with a better
prognosis in patients responding to treatment. These data
remain to be confirmed by prospective, randomized and
controlled clinical trials [43].

Numerous phase 2 and phase 3 trials have
investigated the use of endothelin receptor antagonists to
treat PH associated with ILD, with negative results [44-
46]. In addition, ambrisentan was associated with an
increased risk of clinical worsening in patients with ILD
with or without PH [47, 48].

In a phase 2 trial, the combination of nintedanib
and sildenafil did not provide a significant effect
compared to nintedanib alone in patients followed for
idiopathic pulmonary fibrosis with DICO <35% of the
predicted value [49].

Riociguat was associated with an increased risk
of clinical worsening and possible excess mortality in
patients with PH associated with idiopathic interstitial
pneumonia [50].

In contrast, in a phase 3 randomized controlled
trial (INCREASE), the use of inhaled treprostinil at a
dose of 72 pg administered four times daily in 326
patients with PH associated with interstitial lung disease
showed an improvement in the distance traveled at the
6MWT and NT- proBNP values. Further data are needed,
particularly on long-term outcomes [51, 52].

To date, there are no official recommendations
regarding the treatment of group 3 PH with vasodilators.
This question therefore constitutes a real challenge for
the future.

Patients with severe PH and/or severe RV
dysfunction, or in case of uncertainty regarding PH
treatment, referral to a PH center for further evaluation is
recommended.
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