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Pulmonary hypertension due to lung
diseases and/or hypoxia
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Abstract:

Chronic lung diseases are common causes of pulmonary hypertension. It ranks second after the left heart disease.
Both obstructive and restrictive lung diseases are know to cause pulmonary hypertension.

The pathophysiology of the disease is complex, and includes factors affecting the blood vessels, airways, and
lung parenchyma. Hypoxia and the inhalation of toxic materials are another contributing factors. Recent guidelines
have further clarified the association between pulmonary hypertension and chronic lung disease and made general

guidelines concerning the diagnosis and management.

In this article, we will provide a detailed revision about the new classification and give general recommendations
about the management of pulmonary hypertension in chronic lung diseases.
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ulmonary hypertension (PH) due to lung

disease is a form of precapillary PH and is
defined as mean pulmonary artery pressure
(mPAP) =25 mmHg associated with pulmonary
artery wedge pressure (PAWP) <15 mmHg and
normal or reduced cardiac output (CO).

The 4" and 5" world symposium on pulmonary
arterial hypertension (PAH) grouped these
conditions under the heading “PH due to lung
diseases and/or hypoxia.”™ As the classification
implies; the predominant cause of PH in this
group of disorders is alveolar hypoxia as a result
of either chronic lung disease, impaired control
of breathing or residing at high altitude.

Itis a common form of PH and ranks second after
group II disease (PH due to left heart disease).
In the author referral clinic, 25% of PH cases
evaluated are patients with lung disease.

Pathophysiology

Chronic hypoxia as a contributing factor to
the development of PH is very important.
This made grouping of these disorders that
involves a wide variety of clinical conditions
possible.>?! Chronic hypoxia exerts its effect by
causing vasoconstriction and shear stress on the
vascular endothelium and smooth muscle cells
to release vasoconstrictive, pro-proliferative, and

mitogenic mediators. The pathologic features
of hypoxic vasculopathy include concentric
intimal thickening-secondary to the proliferation
of endothelial cells, smooth muscle cells, and
myofibroblasts and medial hypertrophy of
the muscular pulmonary arteries, adventitial
proliferation, and abnormal extracellular matrix
deposition.”

Yet there is accumulating evidence that
pathophysiologic mechanisms other than
hypoxia can contribute to the development of
pulmonary vasculopathy in these disorders such
as cigarette smoke injury, destruction of the
pulmonary capillary bed, and inflammation.*”!

Finally, as both PAH and PH due to lung disease
are classified as precapillary PH, sometimes it is
crucial to differentiate between the two condition,
especially when the lung disease is present with
the severe form of PH. Table 1 summaries the
criteria that might help in differentiating between
the two diseases.

Epidemiology

The exact prevalence of PH in chronic lung
disease at large is not known and yet not
accurately reported for individual diseases. The
diagnostic methodology used in the studies is not
always the same; some used echocardiography
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as a sole diagnostic tool, while in the studies used right heart
catheterization (RHC) as the diagnostic tool, the cut-off
pressure for the diagnosis was not standardized and the PAWP
was not reported in all studies. These issues limit the ability to
draw universal and firm conclusion about the prevalence of
PH associated with lung diseases.>%11

Pulmonary hypertension due to chronic obstructive
pulmonary disease (COPD)

Estimates of the prevalence of PH in patients with COPD
vary widely based on the definition of PH, the physiologic
characteristics of the underlying lung disease, and the methods
used to determine pulmonary pressures. For example, in a
study of 215 patients with severe COPD (forced expiratory
volume in 1 s [FEV,] <24% predicted), who were candidates
for lung volume reduction surgery or lung transplantation,
PH, defined as mPAP > 25 mmHg, was present in 50%,
although it was mostly mild (mPAP < 35 mmHg).!"? On the
contrary, out of 998 patients with moderate to severe COPD
evaluated for lung transplantation, only 27 had mPAP above
40 by RHC, 16 of which had other causes that can explain PH
leaving only 1.1% of the study population with severe PH
attributed to COPD.!"!

In another retrospective review of 4930 patients with COPD
evaluable for lung transplantation, PH was present in 30.4% by
RHC (mPAP > 25 mmHg and normal PAWP), with additional
17.2% of the patient having pulmonary venous hypertension
with elevated PAWP.["

Finally, another study on 120 patients with severe emphysema
(FEV, <27% predicted) undergoing evaluation for lung volume
reduction surgery found that the incidence of PH, defined as a
mPAP >20 mmHg, was 91%. Only, 5% of the patients showed
amPAP >35 mmHg. The mPAP was closely related to PAWP,
which was mildly elevated in the majority of these patients,
suggesting the common presence of diastolic left ventricular
dysfunction in advanced COPD.!"!

Pulmonary hypertension due to diffuse parenchymal lung
diseases (DPLD)

Pulmonary hypertension is common in idiopathic pulmonary
fibrosis (IPF). The prevalence of PH reported is between
32% and 46% depending on the time of the assessment
relative to the disease stage and progression. This prevalence
may rise to as high as 85% in advanced IPF patients before

lung transplantation. In 2525 patients evaluated for lung
transplantation for IPF between 1995 and 2004 who underwent
RHC study, PH was found to affect 46.1% of the subjects;
9% had severe PH (mPAP > 40 mmHg).['l In another study
of 44 patients with IPF evaluated for lung transplantation
and who had serial RHC at the time of referral and at the
time of transplantation were reviewed. 38.6% (17/44) of the
patients had PH at baseline. The majority of the non PH
patients developed PH during the serial time interval with a
subsequent incidence of 86.4% at the time of transplant. The
mPAP at baseline and follow-up were 22.5 and 32.7 mmHg,
respectively.l]

Pulmonary hypertension due to combined pulmonary
fibrosis and emphysema

Combined pulmonary fibrosis and emphysema syndrome is
characterized by a mixed obstructive and restrictive pattern.
It is now included in the updated clinical classification of
PH due to lung disease. In a study of 40 patients with
combined emphysema and lung fibrosis who underwent RHC,
27 patients (68%) were found to have a mPAP > 35 mmHg
(and >40 mmHg in 48% of patients)."¥! The incidence of
emphysema in IPF patient cohort is estimated to be 28%;
these patients do have more advanced disease and more
severe functional impairment. They were also found to carry
a worse prognosis than patients with IPF without emphysema
despite the preserved lung volumes on pulmonary function
testing. This is partly related to the development of PH.!""!

Pulmonary hypertension due to other lung disease
Pulmonary hypertension in the setting of obstructive sleep
apnea (OSA) generally appears to be mild to moderate; severe
PH being less common.®! The true prevalence of PH in OSA
is unknown due to a lack of large, population-based studies.
Prevalence data on resting, awake PH in OSA is based primarily
on retrospective case series or prospective cohort studies with
poorly defined entry criteria. The reported prevalence of PH
(determined by RHC or echocardiography) in patients with
OSA ranges from 17% to 41%. In the largest series published to
date, 17% of a sample of 220 patients with OSA met diagnostic
criteria for PH; the mPAP by RHC was >25 mmHg.?"! The
mild nature of PH was observed in the majority of PH in OSA
studies. Also, large number of patients had co-morbid elevation
in the PAWP as an indicator of left heart disease or diastolic
dysfunction, which is common in OSA patients.”!!

Table 1: Criteria distinguishing PAH from PH due to lung disease

PAH PH due to lung diseases

Ventilatory function
Normal or mild restrictive pattern
Low DLCO
Radiological (HRCT)
No significant characteristic abnormality
Exercise-related parameters
Mainly features of impaired cardiac reserve
Low O, pulse
Low CO/VO, slope
Low MvO, saturation
Low to normal PaCO, during exercise

Low DLCO

Moderate to severe obstructive/restrictive pattern

Characteristic airways (emphysema) or parenchymal (interstitial/fibrotic) abnormalities

Mainly features of impaired breathing reserve
Normal (to mildly reduced) O, pulse

Normal CO/VO, slope

Normal (to mildly reduced) MvO, saturation
Increased PaCO, during exercise

PAH = Pulmonary arterial hypertension, PH = Pulmonary hypertension, HRCT = High-resolution computed tomography, CO = Cardiac output, DLCO = Diffusion capacity

Annals of Thoracic Medicine - Vol 9, Supplement 1, July-September 2014

S§57



Sakkijha: Saudi guidelines for pulmonary hypertension 2014

Obesity-hypoventilation syndrome (OHS) seems to carry a
higher chance for development of PH due to the added effect
of hypercapnia. In a study of 27 patients with OHS, defined as a
body mass index >30 and PaCO, > 45 mmHg, 59% of cases had
mPAP of > 20 mmHg, the average PAP was 23 + 10 mmHg.!

The PH associated with residing at high altitude and
developmental abnormalities is not discussed in this manuscript.

Definitions of Pulmonary Hypertension Due to
Chronic Lung Diseases

During the 5" Nice PH World Congress, it was suggested

that the term “out of proportion” be abandoned in describing

PH due to chronic lung disease and instead use the following

definitions:

1. Chronic lung disease without PH when the mPAP is
<25 mmHg,

2. Chroniclung disease with PH when the mPAP > 25mmHg,

3. Chronic lung disease with severe PH when the mPAP is
=35 mmHg, or =25but <35 mmHg with low cardiac index
(<2.0 L/min/m?), as assessed by RHC.

This will standardize the definition of the disease in this group
of patients for the sake of future research purposes.

Assessment of Pulmonary Hypertension Due to
Chronic Lung Diseases

The symptoms of lung disease and of PH can be similar,
as dyspnea and fatigue are the cardinal features of both
diseases. The presence of PH in patients with underlying lung
disease should be suspected when the symptoms or degree
of hypoxia and exercise limitation are “not in proportion”
to the pulmonary function and ventilatory abnormalities, or
decline in clinical status does not parallel the declines in lung
function. Very low diffusion capacity is an important indicator
of pulmonary vasculopathy.??! Clinical features of right
ventricular failure may also indicate the development of PH
in patients with chronic lung disease.

Doppler echocardiography is the screening tool of choice
for PH. Unfortunately, the accuracy of echocardiography
seems to be worse in patients with lung disease than patients
without lung disease in regards to the ability to detect
tricuspid regurgitation jet and estimation of systolic PAP
(sPAP). Arcasoy et al., showed that estimation of sSPAP was
possible only in 44% of patients who underwent Doppler
echocardiography, out of these patients the estimated
pressure was accurate (within 10 mmHg) in only 48% when
compared to RHC.[® Another study looked at right ventricular
systolic pressure estimation by echocardiography in COPD
patients found that echocardiography had a sensitivity of
60%, specificity of 74%, positive predictive value of 68% and a
negative predictive value of 67%, compared with the invasive
measurement.”!

Brain natriuretic peptide (BNP) is a marker that is used for
prognostication purpose in cases of PH. Its significance in
patients with advanced lung disease was looked at in small
studies that showed elevated levels in patients with lung
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disease may indicate the development of PH. The level of
elevation correlates with the PAP and does carry prognostic
significance. Although it lacks specificity, it may prove to be
a useful screening test for PH development in chronic lung
disease patients./01

The gold standard for diagnosing PH remains to be RHC.
Patient with lung disease are likely to be older and might
have co-morbid left heart disease and diastolic dysfunction,
which will be diagnosed by RHC. Selecting patients for RHC
is important and should be reserved for people in whom the
diagnosis will make a difference in their clinical management,
like patients who are candidates for lung transplantation,
and patients who are suspected to have PAH independent to
their primary lung disease severity (used to known as “out
of proportion”). In these patients, inclusion into clinical trials
is recommended and encouraged to better characterize their
features and treatment options.

Impact of Pulmonary Hypertension on Chronic
Lung Disease

The presence of PH in patients with chronic lung disease
complicates the clinical presentation and is usually
associated with more severe symptoms of dyspnea and
fatigue. The deterioration of the patient clinical status is more
accelerated in these patients than what is expected solely
from their underlying lung disease. The functional status
of the patient is usually worse with its negative impact on
quality of life, exercise capacity and distance walked, and
mortality.[92225-27]

The presence of PH influences definitive treatment options for
the patient underlying disease like transplantation as well as
the survival outcome after transplantation.?s*’!

Treatment

The underlying lung disease should be optimally managed
according to guidelines and clinical practice measures. Such as
optimizing bronchodilator use, smoking cessation, pulmonary
rehabilitation and weight-loss.

Surgical option including lung transplantation should be
considered in advanced cases, and whenever that is suitable
for the disease condition. Attention should be paid to co-
morbidities that might contribute to PH in these patients and
managing them adequately, such as fluid overload, left heart
disease, OSA, and pulmonary thromboembolic diseases.

Aggressive management of hypoxia at rest, during exertion,
and during sleep is crucial for all hypoxic patients. This
recommendation is extrapolated from COPD literature, but
certainly makes sense in any hypoxia-related pulmonary
disease, especially when PH is also present.

In severe COPD patients, who require initiation of long-term
0,, such therapy has shown to halt the progression of PH.

In patients with OSA, OHS, and chronic respiratory failure who
have associated PH, initiating positive airway pressure therapy
to correct respiratory failure parameters during the daytime
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has shown to improve the hemodynamic measurements in
these cases.[**]

Using pulmonary arterial hypertension specific therapy for
pulmonary hypertension due to lung diseases and/or hypoxia
Patients with PH and chronic diseases may continue to be very
symptomatic and significantly limited despite optimal medical
therapy of the lung disease and other co-morbid conditions. In
these situations, attempt to target the moderately severe PH
(mPAP > 35-40 mmHg) might be logical in an era where effective
and approved medications are available to treat PAH."!

However, due to unproven efficacy in this situation, the role
of the PAH-specific drugs in PH secondary to lung disease
and hypoxia is controversial and not well studied in large
randomized controlled trials. Data available are from the
small number of patients, short duration of treatment, open
label and single center trials. Furthermore, the effect of these
medications was studied mainly in COPD and interstitial lung
diseases (ILD).

The pulmonary vasodilatation produced by these agents can
be risky in patients with lung disease, as loss of the protective
vasoconstriction mechanisms may consequently worsen
ventilation perfusion mismatch and worsen the hypoxia.
Furthermore, the reduction in the CO has been observed and
subjected the patient to the risk of pulmonary edema.

Specific therapy in chronic obstructive pulmonary disease
Sildenafil was used in 20 patients with COPD and PH.
Hemodynamics and gas exchange were assessed before
and 1 h after sildenafil administration. Despite the initial
improvement in pulmonary hemodynamics at rest and
during exercise, there was an inhibition of the hypoxic
vasoconstriction protective mechanism and impairment of
arterial oxygenation at rest.[*!

Inhaled iloprost was also studied in 10 patients with COPD
and PH. Assessment was performed before inhalation, 30 min
after inhalation, and 2 h later. The overall results of this small

study have showed that inhaled iloprost was safe in patients
with COPD and PH, and was associated with improved V/Q
matching and exercise tolerance.*"

In a randomized controlled trial of bosentan in severe COPD,
30 patients enrolled with 2:1 randomization. Compared with
placebo, patients treated with bosentan for 12 weeks showed
no significant improvement in exercise capacity as measured
by the 6-min walking distance (6MWD).

There was no change in lung function, PAP, maximal oxygen
uptake, or regional pulmonary perfusion pattern. In contrast,
arterial oxygen pressure dropped, the alveolar—arterial gradient
increased, and quality of life deteriorated significantly in
patients assigned to bosentan.!

Specific therapy in interstitial lung diseases

InILD patients, a study on 15 ILD patients and severe PH who
were treated with sildenafil for 6 months has found that the
BNP levels were lower, tMWD was higher, but no change in
sPAP demonstrated.®

In IPF, bosentan failed to improve the predefined endpoint of
time to the occurrence of lung fibrosis worsening in a Phase
IIT trial.® Negative result was also reported for macitentan
(MUSIC study) in IPF. In a recent randomized, double-
blind, placebo-controlled, event-driven trial (ARTEMIS-IPF
study) that was prematurely terminated for safety concern,
ambrisentan has shown to be ineffective in treating IPF and
was associated with an increased risk for disease progression
and respiratory hospitalizations.® No results are yet available
from a bosentan trial particularly focusing on IPF-associated
PH (B-PHIT [Bosentan in PH in ILD] study.

A recent Phase Il trial has demonstrated the efficacy of riociguat
(soluble guanylate cyclase) in decreasing PVR and increasing
CO and 6MWD in PH-DPLD.?!

Due to this inhomogeneous data, the PAH specific therapy
cannot be generally recommended to treat PH due to lung

Table 2: Class of recommendations and level of evidence for treatment of PH due to lung diseases or hypoxia

Recommendation

Class of recommendation Level of evidence

In patients with chronic lung disease, the presence of PH should be suspected lla C
and investigated when the symptoms are more severe than expected based on lung

function data, or when signs of right heart dysfunction are present

Doppler echocardiography remains the most useful noninvasive tool for screening lla C
for the presence of PH in patients with chronic lung disease

Biomarkers, such as BNP, may be helpful in suspecting PH in patients with chronic IIb C
lung disease and/or hypoxia

If the presence of PH is going to affect the management of a patient with chronic lla C
lung disease, confirmation by RHC is recommended

Patients with chronic lung disease and severe PH (i.e., mPAP > 35 mmHg and/or | C
signs of right heart failure) should be referred to PH expert center

The underlying lung disease should be optimally treated according to the respective | C
guidelines before considering treating PH

PH in various lung diseases should be studied separately, because patients with COPD lla C
and PH may respond differently to medical therapy than patients with ILD and PH

There is no sufficient evidence that the specific drugs currently used for PAH are IIb C

safe and effective in patients with PH associated with chronic lung disease

PH = Pulmonary hypertension, BNP = Brain natriuretic peptide, RHC = Right heart catheterization, mMPAP = Mean pulmonary artery pressure, COPD = Chronic
obstructive pulmonary disease, ILD = Interstitial lung diseases, PAH = Pulmonary arterial hypertension
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diseases or hypoxia at this stage. Such patients should be
referred to the specialized center for evaluation and should
be included in clinical trials in order to better evaluate their
outcome.

Recommendations for Pulmonary Hypertension Due

to Lung Disease and Hypoxia

Most of the data available on PH due to chronic lung
disease and hypoxia are insufficient to draw strong evidence
based conclusions and recommendations."*#?! The class of
recommendation and level of evidence for different aspects of
the management of PH due to lung diseases and/or hypoxia
are shown in Table 2.
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