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INTRODUCTION
Pulmonary hypertension (PH) associated with hypoxia and lung disease, first identified
as Group 3 in the 2008 Dana Point classification of PH1, is the second most common
form of PH and is associated with increased morbidity and mortality (Figure 1)2. The most
common lung diseases resulting in PH are chronic obstructive pulmonary disease (COPD),
interstitial lung disease (ILD) and obstructive sleep apnoea (OSA)3 but is also associated
with other diseases, such as cystic fibrosis4 and high altitude exposure5. Those with PH
in the setting of obstructive or restrictive lung disease have worse outcomes, but it is
not clear if the PH causes increased mortality or whether it is a marker for the severe
end of the lung disease spectrum. Patients with Group 3 disease have a worse outcome
than Group 1 IPAH (See Figure 1). Those patients with Group 1 disease pulmonary arterial
hypertension (PAH) but with minor associated lung disease also suffer from worse
outcomes6,7.

PH can occur in the healthy lung in response to low atmospheric oxygen, most
commonly seen in populations who live at high altitude. In a similar mechanism to those
with chronic lung disease, low alveolar oxygen (PAO2) causes hypoxic vasoconstriction9.
Increase in growth factors and vasoconstricting hormones lead to increased
hypertrophied vascular smooth muscle and increased vascular resistance10. As in lung
disease, there is a variation in response to hypoxia. Kojonazarov et al screened 1430
patients who lived at altitude (>2500 m) in Kyrgyzstan, 26 of whom had PH11.

PH in COPD is dependent on the severity of the underlying lung disease12 and
prevalence depends on the definition of PH. Using the most up to date definition of PH
from the latest World symposium, with mPAP >20 mmHg13, up to 90% of patients with
Global Initiative for Chronic Obstructive Lung Disease stage IV have mPAP of >20 mmHg.
1–5% of patients have severe PH, with mPAP >35–40 mmHg14 (Figure 2).

In the case of ILD, most of the literature uses an older definition of PH, with mPAP
>25 mmHg and yet PH is still more common (See Figure 3). 8–15% of ILD patients are
diagnosed with mPAP>25 mmHg at diagnosis, 30–50% with advanced ILD and >60%
with end stage disease15,16. PH is associated with exacerbations of ILD and adverse
outcomes, with the prognosis worse in those with ILD than in idiopathic pulmonary
arterial hypertension (IPAH)8.
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Figure 1. Survival comparison between IPAH patients (n= 798) and patients with PH secondary
to hypoxic lung disease (n= 151). Survival was worse in the lung disease group (3-year survival 34%
versus 68.6%, p= <0.001)8.

Figure 2. 998 patients referred with COPD and respiratory failure. The prevalence of pulmonary
hypertension wit mPAP>40mmHg was 2.7% of any cause and 1.1% secondary to COPD alone14.

PATHOPHYSIOLOGY OF GROUP 3 PH
The cause of pulmonary hypertension in hypoxic lung disease is multifactorial. In the
healthy lung, the pulmonary circulation is a low-pressure system. Most of the resistance
is a result of the natural reduction in caliber of the pulmonary vessels as they branch
from the central arteries. When cardiac output increases during times of stress, the
pulmonary vasculature is able to dilate to meet demand of higher blood volumes, and
relatively under-perfused arteries are recruited. As a result, there is usually very little
change in pulmonary artery pressure (PAP) during these times14.

In patients with chronic lung disease, however, there is a loss of blood vessels18 and,
as such, there is reduced capacity to accommodate a higher cardiac output, leading
to pressure increase. In addition, most chronic severe lung diseases result in periods
of continuous or intermittent hypoxia. In contrast to the systemic circulation, there is
contraction of pulmonary vessels in response to alveolar hypoxia19. In the early stages,
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Figure 3. 79 patients with idiopathic pulmonary fibrosis referred for lung transplant
assessment. PH was found in 31.6% of patients17.

this may be reversible with increased inspired oxygen concentration. However, with
chronic hypoxia, there is release of vasoconstrictors such as endothelin and serotonin,
which also serve as growth factors. This leads to intimal hyperplasia, and hypertrophy of
the media, leading to increase vascular tone20.

This remodeling is only partially reversed with oxygen. Studies have shown an inverse
relationship between PAP and PAO2

14,21,22, with a higher PAP in those with lower PAO2.
However, there is significant variability between patients’ responses to hypoxia. The
reasons for this variability, which is also seen between species23, are not clear, but
some patients have a greater increase in PAP when hypoxic, resulting in a higher risk of
vascular remodeling over the longer term.

In chronic lung disease, it is traditionally thought that the changes in lung parenchyma
lead to vascular changes, causing the pulmonary hypertension. However, there is a
growing body of evidence to suggest that the underlying condition causing chronic
lung disease can also cause vascular abnormalities, leading to rises in PAP that are out
of proportion to the lung disease. There are several reasons why this is thought to be
the case: firstly, histological samples of patients of idiopathic pulmonary fibrosis show
evidence of vascular remodeling in areas of preserved lung24 and, secondly, severity
of pulmonary hypertension does not correlate well with abnormalities in lung function,
suggesting there is an additional mechanism leading to rises in pressure25,26.

Furthermore, there is increased expression of inflammatory mediators and growth
factors in patients with pulmonary arterial hypertension27 that are also found in patients
with lung disease associated pulmonary hypertension.

Endothelial cells detect hypoxemia, leading to reduced nitric oxide and increased
endothelin-1 levels28. This then leads to contraction of the smooth muscle cells and
increased cell proliferation by inhibition of anti-mitogenic factors, nitric oxide and
prostacyclin, and by increasing the production of different mitogenic stimuli, such as
platelet derived growth factor and vascular endothelial-derived growth factor. This
proliferation of the vascular endothelium leads to increased vascular tone29. What is also
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relevant in group 3 PH, is that there is increased apoptosis of the pulmonary vascular
endothelium in smokers, leading to a reduction in the NO synthetic enzymes30. This
imbalance between natural vasodilators and vasoconstrictors creates an environment
that is conducive to the development of pulmonary hypertension.

ANIMAL MODELS OF PH
The treatment of Group 3 PH has traditionally been to optimize treatment of the
underlying lung disease and give long-term oxygen therapy to those who are hypoxic.
The efficacy of pulmonary vasodilators in this group of patients is unclear. There have
been mixed results from meta-analysis assessing the effects of vasodilators on exercise
tolerance and quality of life31,32. More studies are required in order to establish the
groups of patients who stand to most benefit from vasodilator therapy but the current
advice is treat the lung, not the pressure.

Animal studies have been used to identify effective treatments in those with group
1 PAH. However, there has been little work done for those with group 3 disease. With
the epidemic of pulmonary hypertension in the 1990’s, due to amphetamine based
anorexigen medications, there was a surge in research into animal models. Initially, rats
exposed to hypoxia were used. Although hypoxic vasoconstriction is also seen in all
animals and birds living permanently at altitude, their responses to hypoxia are more
blunted33.

Rats developed smooth muscle hypertrophy and right ventricular hypertrophy and
were used in pre-clinical trials for decades34. These hypoxic animal models are similar,
although less severe, than the disease process found in patients with pulmonary
hypertension as a result of living at high altitude. However, there was a need to develop
models that would facilitate further study of cell signaling pathways and the hope was
that this would be facilitated by the advent of genetically modified mice.

The results of initial mouse models were disappointing because the degree of vascular
remodeling and consequent PH was reduced in mice compared to rats for the same level
of hypoxia. A number of animal models also demonstrated resolution of PH and RVH in
response to normoxia35, which is clearly different from that seen in patients with chronic
hypoxic lung disease because the pathophysiology is multifactorial, namely hypoxic
vasoconstriction and rarefaction of the blood vessels18,36. Despite supplemental oxygen
therapy making some haemodynamic improvements in hypoxic lung disease, it is rare for
the pulmonary artery pressures to return to normal levels37.

Sugen (su5416) is a vascular endothelial growth factor blocker and was initially used
to induce experimental pulmonary emphysema. However, when injected in to rats that
were also hypoxic in the hope of developing a model for emphysema, the rats developed
severe pulmonary arterial hypertension. Not only this, but the changes persisted when
the rats were returned to normoxia38. The PH was also associated with obliterative
vascular lesions, similar to those seen in human disease. These rats exposed to hypoxia
then develop severe RV failure, similar to that seen in humans39. There have been
multiple attempts to apply the same technology to mice, but these have largely been
unsuccessful because of dissimilarity between mice and rats. In mice, the circulation is
relatively unresponsive to hypoxia and they do not develop right ventricular failure35.

As it stands, there is no perfect animal for study of pulmonary hypertension,
particularly in lung disease and further work is required to develop models similar to the
human form of lung disease-PH40.
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MANAGEMENT OF GROUP 3 PH
The management of pulmonary hypertension is dependent on the cause. In the case
of PH secondary to high altitude, humans respond similarly to animal models of PH
developed through chronic hypoxia: the PH is reversible when exposed to normoxia and
sea level.

Trials of vasodilators have shown some promise in acute forms of altitude related
PH: Ghofrani et al. showed that sildenafil reduced systolic pulmonary artery pressure
during exercise and increased the maximal workload achieved at altitude41. Richalet et
al. also showed improvements in pulmonary haemodynamics and exercise capacity when
using sildenafil compared with placebo at altitude42. Bosentan has also been proven to
improve haemodynamics at altitude. However, the mainstay of long-term treatment is
oxygen therapy or, even better, descent to lower altitudes, which has the same effect43.

Treatment of PH in lung disease is a complex issue. Treatments should aim to optimize
lung function and correct hypoxemia. The role of pulmonary vasodilators is more
contentious. In patients with COPD, sildenafil and bosentan have shown improvements
in pulmonary haemodynamics31,32, but this has not translated to improvement in
exercise capacity and quality of life44. The evidence for use of pulmonary vasodilators in
interstitial lung disease is even more disappointing. Randomised controlled trials have
failed to show improvements in pulmonary haemodynamics16,45 and a meta-analysis
showed no improvements in 6-minute walk distance (6MWD) or quality of life32.

Pulmonary hypertension is commonly associated with chronic lung disease, but
severe PH is rare, defined as mPAP of ≥35 mmHg. Lange et al did show a survival
benefit with vasodilators in patients with severe PH in lung disease, but not in the
mild/moderate groups46. It has been shown that although pulmonary vasodilators do
reduce NTproBNP in severe Group 3 PH, there was no significant increase in 6-minute
walk distance. Response to therapy is different amongst the lung disease phenotypes,
but, overall the evidence is that although pulmonary vasodilators are safe, there is a lack
of effectiveness47.

MANAGEMENT OF GROUP 1 PAH WITH CO-EXISTING LUNG DISEASE
Existing trials have shown efficacy of therapy in patients with isolated phenotypes of
pulmonary hypertension. However, over recent years, the demographics of patients with
PH has been changing, with an increasing age and with that the inevitable increase in
comorbidities48. This makes exact diagnosis more challenging and application of clinical
trial results more difficult in day-to-day clinical practice. Whilst the efficacy of pulmonary
vasodilators in group I PAH has been clearly demonstrated, they have no use in group
3 disease and, it is not clear to what extent group I PAH patients with co-existing lung
disease will respond to pharmacological treatment.

Peacock et al.7 determined the response to treatment and survival in group-1 PAH
patients with and without of radiological evidence of parenchymal abnormalities on
CT Chest but with preserved lung function. 629 patients from the UK and Ireland were
assessed. 482 patients were deemed to have ‘pure’ IPAH, without lung disease and 146
patients with radiological evidence of lung disease but preserved spirometry who had
been diagnosed as Group 1 by the specialized PH centres of the UK and Ireland. The two
groups had similar baseline haemodynamic characteristics, but with lower 6MWDs in
those with lung disease (See Figure 4). As might be expected, diffusion capacity of the
lung for carbon monoxide (DLCO) was noted to be severely reduced and significantly
worse in those with parenchymal lung disease than with group I PAH alone.
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Figure 4. Baseline 6MWD comparison between those with IPAH alone (n = 482) and those with
IPAH and co-existing parenchymal lung disease (n = 146). Those with parenchymal lung disease had
worse 6MWD before treatment (p= <0.001), reproduced from [7].

Figure 5. Survival analysis comparing those with IPAH alone (n = 482) and those with IPAH and
co-existing parenchymal lung disease (n = 146). Those with parenchymal lung disease had worse
overall survival, reproduced from [7].

Interestingly, the two groups had a similar response to treatment, as measured by
6 MWD, after 3 months, with no significant differences between the groups. However,
survival was significantly worse in the patients with co-existing lung disease (see
Figure 5).

At present, patients with group 1 PAH with co-existing lung disease should be treated
with pulmonary vasodilators. Patients with PH due to hypoxic lung disease, even if
severe, should have the treatment of their lung disease optimized and oxygen provided
as needed and pulmonary vasodilators are unlikely to provide significant benefits.

FUTURE WORK IN GROUP 3 PULMONARY HYPERTENSION
In view of the poor prognosis associated with these conditions, and the lack of available
specific therapy, further work is required to develop effective therapy. The World
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Symposium on Pulmonary Hypertension in Nice 2018 recommended better animal
models of PH in both COPD and ILD, with parenchymal and vascular phenotypes
developed in order to determine novel molecular targets12. In view of different aetiology,
patients with Group 3 should be investigated differently in terms of molecular pathology
and clinical course. Idiopathic interstitial pneumonia can be studied with chronic
hypersensitivity pneumonitis and occupational lung disease. However, sarcoidosis
should be studied independently, as should COPD12.

Establishing cellular and molecular causes of lung and vascular remodeling in cultured
human lung tissue would be useful to identify therapeutic targets and to perform drug
testing. Further research into biomarkers for group 3 disease and shared access to bio
banks from existing registries would allow larger and more robust trials into therapeutic
efficacy. More specific, ‘‘deep’’, phenotyping of patients parenchymal and vascular
disease using multiple imaging modalities may help to identify patient groups who would
benefit from therapy12.

Utilizing more indices from the 6MWD, such as level of deoxygenation, Borg symptom
score and heart rate recovery, is recommended to detect response to treatment.
Cardiopulmonary exercise testing is also recommended to elaborate the distinction
between respiratory and circulatory limitation.

With regards to specific future therapy, inhaled PH therapies are an attractive option
as this may allow more effective ventilation-perfusion matching and minimise systemic
side effects. Ideally, studies would focus on prevention, reversal or miminising vascular
remodeling, rather than vasodilation. Studies should also target the vascular component
in driving parenchymal abnormalities. The role of pulmonary rehabilitation is well
established in parenchymal lung disease and in pre-capillary pulmonary hypertension,
but further work is required on its efficacy in PH complicating lung disease.

CONCLUSION
Group 3 PH is common and is associated with increased mortality rates compared
to IPAH. The pathophysiology is different from that in other forms of pulmonary
hypertension and different for each lung phenotype. However, currently, these patients
are all treated as one phenotype. Animal models do not accurately reflect the cellular
mechanisms seen in human disease and pulmonary vasodilators are not effective
in these patients. More work is required to understand the changes leading to PH in
patients with lung disease, which may lead to the identification of therapeutic targets
that will improve outcomes.
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